
 
 
 

Final Report 
 

On 
 

Preparation of Small Modules on Rapid Urbanisation, Drinking
Water, Sanitation and Waste Water Management and Organize
Training Sessions for Diverse Stakeholders; and Dissemination

through Mass Media and Social Media”
 
 

Submitted to:  
India Water Partnership, Gurugram, Haryana

 
 
 

By: 
Jheel Sanrakshan Samiti, Udaipur, Rajasthan 

 
 
 

December 2020
 
 
 



 
Acknowledgment

We would like to acknowledge with much appreciation the crucial support of the
India Water Partnership in completing this exercise. Many thanks go to all the
contributors who invested their personal efforts in providing the much-needed
knowledge base that undergirds these modules. We also give special gratitude to
the office bearers of Vidya Bhawan and Jheel Sanrakshan Samiti, Udaipur for
providing their kind support and facilitating constant dialogues and
encouragement in drafting these modules.  We also acknowledge the media for
consistently disseminating the contents of these modules.



1 

 

                                                                                     
  

 

 

 

Final Report 

 

On 

 

Preparation of Small Modules on Rapid Urbanisation, Drinking Water, 

Sanitation and Waste Water Management and Organize Training 

Sessions for Diverse Stakeholders; and Dissemination through Mass 

Media and Social Media” 

 

 

Submitted to:  

India Water Partnership, Gurugram, Haryana 

 

 

 

By:  

Jheel Sanrakshan Samiti, Udaipur, Rajasthan 

 

 

 

December, 2020 

 



2 

 

I. EXECUTIVE SUMMARY 

 

Accelerated urban growth, primarily in developing economies such as India, defines this 

century. However, this trend is deleteriously affecting the integrity of our ecological resources 

base – water resources, especially. In timely response though, many management concepts 

have been evolved such as Integrated Urban Water Management, Zero Carbon Buildings, and 

Green Oriented Development, to name a few, that are informing policy actions. In a bid to 

systematically present these cross disciplinary concepts that underpins management of 

contemporary challenges, a cross disciplinary exercise has been undertaken in partnership 

between Jheel Sanrakshan Samiti, Udaipur, Vidya Bhawan, Udaipur and India Water 

Partnership, Gurugram, Haryana whereby these training modules have been prepared 

leveraging contributions from domain experts from across the breadth of professions, including 

scientists, activists, and researchers. The key focus of these manuals is to disseminate the work 

of these authors and research cases, constituting the core of these manuals, to diverse 

stakeholders, pre-eminently practitioners and students. While each of the two modules is 

tailored around specific issues, they are further sub-divided into different complementary 

modules that enrich the focus of the two modules. Module 1 lays its focus towards explaining 

some facts on urbanization and how it poses challenges for the management of water 

resources. This is detailed through sub-modules explaining various concepts and approaches 

that are found being leveraged to tackle the contemporary challenges vis-à-vis water resources 

management. Module 2 further expands the ideas presented in Module 1, and outline 

problems and incidental solutions with respect to themes of urban water supply, storm water 

management, wastewater management, rainwater harvesting, reservoir operations, ground 

water management etc. The overall guiding principles of these modules are inspired by the 

actionable framework on Integrated Water Resources Management paradigm established by 

the Global Water Partnership. 

 

II. Purpose 

 

Purpose of this project was to increase knowledge of key stakeholders involved in redefining 

urban planning based on water centric approach, role of regulatory bodies in seeking new 

guidelines for peri urbanization, utilization of innovative technology in waste water treatment, 

promoting water conservation activities among community members and create opportunities 

for youngsters by creating market, management of ground water and surface water in urban 

areas.  
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III. Results 

 

i) Narrative reporting on results: 

 

The creation of the training modules was a very rich experience for all the stakeholders in terms 

of knowledge sharing. The stakeholders having a tremendous amount of experience in their 

fields not only shared their knowledge but also highlighted issues that being faced by the 

community and society in terms of water deprivation and effective methods to combat it on a 

priority basis. The list of contributing authors included 2 government advisors, 3 hydro and eco 

consultants, 4 activists primarily working on water issues, 5 research scholars, 3 professors, and 

2 eco-entrepreneurs. The crafting of the module started in the month of March 2020 where the 

stakeholders discussed the issue of improper rapid urbanization and the stress that has been 

created on the effective water resources through urban sprawl. The sessions kept on progress 

on a monthly basis where important topics like the integration of IWRM approach in water 

conservation, adoption of green infrastructure policies, implementation of the zero-carbon 

building for carbon reduction, river centric city planning in protection and reviving of natural 

ecosystems, wastewater management through nature-based solutions and engagement of 

corporate enterprises for incorporating city waste management system in a profitable 

venture. Mass media approach towards the dissemination of the shared knowledge during 

proceedings was very supportive, through them the concept and issues of water scarcity and its 

preservation approaches were disseminated among 50,000 stakeholders.   

 

ii) Outcomes: The project envisaged the following outcomes: 

  

 Improved understanding of the challenges and innovative solutions needed for 
improving access to water and sanitation services in urban areas in developing 
economies. 
 

 50,000 different type of stakeholders like; town planners, environmentalists, policy 

makers’, foresters, administrators, managers, civil society organizations and the urban 

communities (overall) were benefitted through different types of training programs & 

workshops and the knowledge disseminated through mass media. 

 
iii) Outputs:  

 
The main output of this project was the development of a Training Manual on Eco-Centric 

Urban Planning and Development consisting of two modules viz (i) “Blue and Green 

Centric Urban Development” and (ii) “Urban Water & Waste Water Management” The 

manual is attached as Annex-1. 
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iv) Explain, if any delays in implementation, challenges, and lessons learned & best practices 

 

The main activities under this project started in the month of March, 2020. But due to 

ongoing pandemic of COVID-19 and lockdown most of the activities were restricted till 

November 2020. The consultation sessions were held online and the outcomes 

disseminated through mass media and reached up to half million stakeholders. 

 

v) Success Story (case study) 
  

Following four case studies have been documented under the project which is provided in 

the Training Manual: 
 
1. Effects of Urbanization on Water Resources of Udaipur, Rajasthan (Refer Page No. 12 of 

the Training Manual); 
 
2. Participatory Aquifer Management – A Way to Resolve Urban & Peri-urban 

Controversial Co-existence : Bhuj, Gujarat (Refer Page No. 133 of the Training Manual) 
 
3. Sustaining Water Supply for Udaipur City, Rajasthan (Refer Page No. 139 of the Training 

Manual); 
 

4. Resource Recovery and Reuse as an Incentive Option for a Violable Sanitation Service 

Chain in Udaipur, Rajasthan (Refer Page No. 175 of the Training Manual); and, 

 
vi)   Resources 

 

The project received in kind support from Vidya Bhawan and Jheel Sanrakshan Samiti, 

Udaipur, Rajasthan for organizing various consultations/workshops and training programs. 
 

IV. Dissemination of Knowledge  
 
The content and the outcome of the consultation sessions and finalized topics were 

consistently shared with the citizens in 12 dialogue meetings (Regular activity on lake shore 

on Sunday). The activity is still going on. The knowledge was disseminated in newspapers 

viz. Dainik Bhaskar/Rajasthan Patrika/Navjyoti Times/Preesnote.in 
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Introduction 
 

Accelerated urban growth, primarily in developing economies such as India, defines this 
century. However, this trend is deleteriously affecting the integrity of our ecological 
resources base – water resources, especially. In timely response though, many 
management concepts have evolved such as Integrated Urban Water Management, Zero 
Carbon Buildings, and green oriented development, to name a few, that are informing 
policy actions. In a bid to systematically present these cross disciplinary concepts that 
underpins management of contemporary challenges, a cross disciplinary exercise has 
been undertaken in partnership between Jheel Sanrakshan Samiti, Udaipur, Vidya 
Bhawan, Udaipur and India Water Partnership, Gurugram, Haryana whereby these 
training modules have been prepared leveraging contributions from domain experts from 
across the breadth of professions, including scientists, activists, and researchers. The key 
focus of these manuals is to disseminate the work of these authors and research cases, 
constituting the core of these manuals, to diverse stakeholders, pre-eminently 
practitioners and students. While each of the two modules is tailored around specific 
issues, they are further sub-divided into different complementary modules that enrich the 
focus of the two modules. Module 1 lays its focus towards explaining some facts on 
urbanization and how it poses challenges for the management of water resources. This is 
detailed through sub-modules explaining various concepts and approaches that are found 
being leveraged to tackle the contemporary challenges vis-à-vis water resources 
management. Module 2 further expands the ideas presented in Module 1, and outline 
problems and incidental solutions with respect to themes of urban water supply, storm 
water management, wastewater management, rainwater harvesting, reservoir 
operations, ground water management etc. The overall guiding principles of these 
modules are inspired by the actionable framework on Integrated Water Resources 
Management paradigm established by the Global Water Partnership. 

 
We would like to acknowledge with much appreciation the crucial support of India Water 
Partnership in completing this exercise. Many thanks go to all the contributors who 
invested their personal efforts in providing the much needed knowledge base that 
undergird these modules. We also give special gratitude to the office bearers of Vidya 
Bhawan and Jheel Sanrakshan Samiti, Udaipur for providing their kind support and 
facilitating constant dialogues and encouragement in drafting these modules. We also 
acknowledge the media for consistently disseminating the contents of these modules. 

 
 

The Editorial Team 
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Sub-Module 1: Understanding Urbanization 
 

1.1 Background 

Human population has seen a sharp increase over time. Due to significant increase in 

world population and related resources consumption, our economies have seen a gradual 

shift towards industrialization further forcing many people to move into cities. 

According to the report of “World Urbanization Prospects” developed by UNDESA (United 

Nations Department of Economic and Social Affairs) in 2018, 55% of the world’s 

population now lives in urban areas, which is expected to increase further by 68% by 

2050. According to the projections the gradual shift in the residence of the human 

population from rural to urban areas, combined with the overall growth of the world’s 

population could add another 2.5 billion people to urban areas by 2050 with close to 90% 

of these increase taking place in Africa and Asia. 

In 1970, there were only three mega-cities across the globe, but by the year 2000, the 

number had risen to 17 and by 2030, 43 more mega-cities will be added. As urban living 

offers exciting opportunities in manufacturing and service sectors, high life style choices 

with opportunities for recreation and better education, more and more people are 

naturally will continue to be pulled towards these urban centers, especially in developing 

nations which are now poised to become engines of global growth. 
 
 
 

 
 

 

Figure 1 : Urban and Rural population of the world, 1950-2050 (UNDESA, 2018) 
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Figure 2: Top mega-cities in the world in 2018 and 2030 (UNDESA, 2018) 

 

 

1.2 Impacts of Urbanization 

Thriving towns and cities are an essential part of a prosperous national economy. The 

amalgamation of economic and human resources in one place catalyzes innovation and 

development in businesses, industries and science and technology. Access to education 

and health facilities in cities is more readily available to people than in rural areas. In 

cities, the child survival rate is far much better than villages because of access to better 

health services. The density of urban population makes it easier and less costly for 

governments to provide essential goods and services. 

However, these benefits of urban life do not apply evenly to all. The individual impacts on 

sectors forming the core of basic services are as follows. 

1.2.1 Housing 

In developing countries, about one third of the urban inhabitants live in impoverished 

slums and squatter settlements. Housing investment as share of GDP has not kept pace 

especially in developing countries. A recent World Bank report on sanitation confirms that 

housing spending by the public and private sectors as a percentage of GDP, including both 

formal and informal systems, is lagging behind what is expected to absorb urbanization in 

middle-and lower-income countries. Low levels of housing expenditure are attributed in 

part to the lower per capita income at which urbanization is occurring and growing 

income inequality in many developing countries. The outcome is a persistent increase in 

informal housing in lower-middle income countries and growing housing inequality. 

Informal housing puts a heavy burden on infrastructure provision such as transportation, 
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environment and limits the building of housing assets by lower income households. Due 

to poor housing infrastructure and increase in migration, many poor families gravitate to 

the informal settlements (Slums) in the urban areas. Poverty is one of the critical issues in 

urban areas. 

1.2.2 Water Supply and Sanitation 

The provision of water and sanitation services to growing urban settlements, peri urban 

and slum areas presents critical challenges. The increase in demand of water from 

growing population puts additional strain on already stretched resources. Urban 

development has resulted in increased demand for industrial and domestic uses of water, 

which has conflicted with the agricultural demands. It is especially difficult to provide 

water and sanitation services to deprived areas and poor people. Many people are living 

in these areas without proper drinking water and proper sanitation. As the world 

continues to urbanize, many cities and towns bears the burden of poor sanitation with an 

estimated 57% of urban dwellers lacking access to toilets that provide a full sanitation 

service, 16% of urban dwellers lacking access to basic sanitation services and almost 100 

million urban residents practicing open defecation 

1.2.3 Wastes and Pollution 

Urbanization affects land, water and wildlife because of the number of people, rapid 

construction of buildings and increased demand for natural resources. Physical aspects of 

environment are affected in several ways. 

Water Quality 

In developing countries especially India, many rivers in urban areas are treated as open 

sewers. The lack of sanitation and sewerage systems has dramatic impact on the urban 

watercourses. People use rivers to dispose all their wastes from homes, industries and 

commercial businesses. 

Solid Waste 

Many urban areas around the world especially developing nations are facing the solid 

waste management challenges due to rapid urbanization and lack of technological and 

financial factors and low public priority. It is estimated that municipal solid waste 

generation will be doubled by 2050 in urban cities around the world. Uncontrolled solid 

waste can end up in drains that led to blocking of drainage system which can cause 

unsanitary conditions that can have a direct impact on health condition of residents. 
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1.3 Urbanization and Water Resources 

Relationship between land use change, a primary reflection of urbanization process, and 

water quality has been analyzed in several studies. And rampant land use changes is 

found to be accelerating water quality degradation, mostly due to increased nutrients and 

microbial loading. (Ghosh et al., 2014; Krishnan et al., 2013; Maillard and Santos, 

2008). While Cities   are centers of hope and development, their unplanned development 

is also responsible for numerous environmental problems that are related to air and 

water pollution (Reddy, 2004).Economic growth together with changes in demography 

is generally seen as the driving force for urbanization but such growth has resulted 

into environmental degradation .Rapid development at social and economic levels in 

Asia has caused the lack of infrastructure, lack of housing, traffic congestions, overall 

decay in environment especially in sustainable development of major cities and towns, 

as reported by The Asia-Pacific Forum for Environment and Development (Ichimura, 

2003). Nowadays, the biggest environmental hazards of any developed nation is 

insufficient supply of clean water, rapid increase in population, and the artificial 

methods of cultivation. Moreover, clean water has been contaminated by excrement 

through sewers, industrial effluent, urban and agricultural excess, domestic wastes, saline 

intrusion, etc. 

1.3.1 Urbanization trend in India and Stress on Water Resources 

India is no longer considered as Bharat of villages. Because, in 1961, seventy-nine million 

people were living in urban areas but in 2001, approximately 285 million people reside in 

urban areas. In 1991, there were only twenty-three metropolitan cities in India which 

increased to 35 in 2001. It is further estimated that majority of this population will reside 

in peri-urban areas. India has witnessed significant increase in the peri-urban areas in the 

last 10-15 years. As per the Planning Commission of India report, in the year 2001, India’s 

urban population, living in approximately 5,200 urban agglomerations, was about 285 

million. In 2011, it has increased to almost 400 million; and projections are that by 2030, 

out of a total population of 1.4 billion, over 600 million people are likely to be living in 

urban areas. This rapid urbanization is putting a negative toll on the quality of 

environment, whose integrity is vital for the balanced development of this country. 

 

The growing population is exerting a great pressure on water reservoirs and excessive, 

unplanned, wasteful withdrawal is resulting in irreparable effect on life and sustenance of 

reservoirs. On the other hand, the climatic and topographical changes have adversely 

affected the inflow to the reservoirs. The "Intergovernmental Panel on Climate Change" 
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(IPCC Report 2001) has predicted that for the western region of India, there will be 

changes in annual run off from 50 to 150 mm per year. Further, the ever rising population 

is exerting great pressure on water resources which will alter the entire water dynamics 

because of rise in agricultural, municipal and industrial water demand (Table 1). This will 

result in excessive withdrawal of water. The reduced inflows and overexploitation of 

water without any considerations for ecological needs are accelerating the death process 

of these fragile and sensitive ecosystems. Further, water is considered to be the primary 

medium through which all problems related to climate change manifests affecting people, 

ecosystems and economics. Hence, integrated water resources management is the only 

way for adaption and mitigation of climate change problems, and for socio-economic 

development of all beings living in any basin. 
 

Sector/Year 1960 1995 2010 2025 

Population (Million) 3029 5735 7113 7877 
Agricultural Use 1481 2504 2817 3189 

Municipal Use 118 344 472 607 

Industrial Use 339 752 908 11170 
Table 1: Dynamics of world water use (Km3/year), Shiklowmanov, 2000 

 

 

The river basins are facing the great problem of unplanned urbanization, adversely 

affecting the water, food and ecological security in urban and peri-urban areas. The 

process of planning is usually devoid of reliable and true topographic, hydrologic, 

hydrogeological, social and economic ground surveys and most importantly the actual and 

sustained participation of stakeholders. The topography, hills, lakes, water bodies, and 

other ecological spaces as well as the human beings especially the poor are not given due 

to consideration in planning and development 

 

 
1.4 Case Study- Effects of Urbanization on Water Resources of Udaipur 

 
 

1.4.1 About Udaipur & its lake system 

Udaipur is a city located in the western part of India, and at the southernmost part of the 

state of Rajasthan. Udaipur city has a rich history of courage and valor. It was founded in 

1559 AD by the erstwhile king Maharana Udai Singh. It is surrounded by mountains, hills 

and lakes and is filled with temples and palaces. Udaipur has a hot tropical climate with 

three different seasons. October to February is the winter month and March to June is the 

summer months. Both are warm and the winter’s daytime temperature can be 28°C and 

 summertime the day temperature can be 40°C. July to September is the rain season, with 
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lower temperatures and high humidity. The average rainfall in Udaipur is 637 millimeters 

Figure 3: Land use Master Plan of Udaipur City (Source: Urban Improvement Trust, Udaipur) 

a year. The main characteristics of Udaipur City, that it is surrounded by lakes. Ten larger 

artificial lakes and many small lakes surround the city and it makes Udaipur a popular 

tourism spot with 0.8 million visitors a year. The first lakes were built in the 1300s and the 

rest were constructed and finished by the 1550s (Mehta, 2009). 

1.4.2 The Water Problem 

The water situation in Udaipur has worsened as the population in the city rapidly 

has increased. In the year 1950, there were approx. 75 000 citizens in Udaipur and by the 

year 2000 the population had grown to 350 000 (Mehta, 2009). The census in Udaipur, 

done by the Government of India in 2011, concluded there were 450 000 citizens in the 

city (Population Census India, 2011). To add to this, there are 0.8 million tourist visiting 

the city each year. The water consumption in the city has increased and the volume of 

waste water has also increased in parallel. This has led to both dried out lakes and 

pollution in the lake system. A blend of a quickly developing populace and a convention to 

let nature itself decay the waste water contaminations, has led to an impractical 

circumstance in Udaipur. The amount of waste water delivered in the city is excessively 
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high for the regular hover to disintegrate and the entirety of the lakes in the framework 

are enduring in some level of contamination issues. The fundamental contamination issue 

in the water repositories is eutrophication. 

Waste Water Pollution        

The essential and most genuine weakness that adds to the eutrophication of the lake 

framework is the absence of full scaled waste water treatment plants in Udaipur. In the 

report composed by Mehta et al (2011) and introduced at the fourteenth World Lake 

Conference 2011 in Texas, USA, it was determined that a sum of 100 to 150 million liter 

waste water is created every day in Udaipur. As indicated by Anil Mehta nearly 6 million 

liters of that sum is every day waste is entering to Pichhola Lake untreated and 1 million 

liter is day by day seepage to Fateh Sagar untreated. Just 3 000 family units in Udaipur is 

associated with a waste water network, and only the toilet water is associated. The 

network source is to a waterway called Ahar River, which courses through the city and the 

waste water leaves the network untreated. Toilet water from the remainder of family 

units in Udaipur is associated with septic tanks with sources to the closest seepage point. 

Dark water, which means the family unit squander water from showering, washing or 

cleaning and so forth, from all families in Udaipur is let out to an open canal framework 

(Mehta, 2012). The open drains are normally built along the walkways of the roads and 

are dropped down in the ground and they differ in size. Both waste water and solid waste 

from the roads are assembled in the canals and the blended squanders are washed 

downstream to the closest leave point, typically a water stream or a lake. 
 

 Over exploitation of Vegetation 
 

Overexploitation of the vegetation on the encompassing slopes adds to the 

eutrophication. The absence of vegetation on the slopes gives nutritious soil and 

earth access enormous amounts to openly flush downstream during the stormy 

seasons. The sustenance is broken up in the downstream water body and feeds 

the water in vegetation. Strong material residue in the lakes and gradually causes 

them to develop shallow. The shallower a water body is, the quicker it will get 

ready and the development of water living vegetation will increment with the 

temperature (Anil Mehta et al, 2009). A water weed called Water hyacinth is an 

especially forceful plant that causes issue in the lake framework and it is 

concentrated in a book composed by Mathur et al, 2005. The plant repeats 

rapidly and can lie as a thick rug over enormous pieces of Pichhola Lake. It fills in 

such amounts that the lake is by all accounts strong ground and it obstructs the 

boat traffic. The dissipation from the lake increments by 1.8 occasions as the 
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plants vanish the water it has drenched and in a zone where water as of now is 

restricted, that is an enormous increment. 

 

 Solid Waste Littering 

The strong solid waste removal in Udaipur isn't well working and it is a 

commitment to water contamination. There is an absence of trash bins in the city 

and the trash cans set out for family unit squanders are awkward to reach and 

under helpless support. Rather than utilizing the compartments, a large part of 

the strong squanders are straightforwardly scorched or tossed at dumpsites 

around the city. Dissipated waste materials are dirtying the nearby climate and 

quite a bit of it in the end arrive at the lake framework. Plastics in different 

structures are accumulated at the shore banks and coasting material gives green 

growth and oceanic weeds a connection to develop on. Direct littering in the 

lakes is likewise a contamination issue. The open canals in Udaipur likewise fill in 

as garbage removals. Along with the wastewater, strong material from the roads, 

for example, cigarettes knocks, creature squander, road residue and fertilizer 

material, left for the free running dairy animals, are flushed downstream to the 

lake framework or Ahar River. 
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Box 1: Urban Planning and Development in the context of pandemics 
 

Cities are profoundly impacted by the COVID-19 pandemic, whereby raising fundamental questions about sustainable 
and symbiotic urban development. The multidimensional nature of the pandemic has left an indelible mark on the 
outlook of the cities and has led to rethinking cities’ development in different dimensions - social, cultural, economic, 
and environmental. Being at the forefront, cities have played a central role in the global response to the ongoing 
pandemic. 

Following are few takeaways that can help in making resilient communities for pandemics 

 Social Infrastructure: Developing strong social infrastructure for education (schools and libraries), sports and 

recreation, cultural centers etc. Social infrastructure is important to develop community capacity to deal with 

stress.

 Public spaces: Better outdoor public spaces, which are designed to connect with local ecology in all 

neighborhoods. The presence of green cover will ensure filtration and circulation of clean air. It should be kept 

in mind that spatial layout should enable social distancing with pockets of small seating spaces for small 

gatherings.

 Mixed use zoning: COVID-19 has shown us the possibility of flexible working spaces and work from 

home, reducing traffic congestions and air pollution. This is an opportunity to rethink the 

commercial zones and modes of transportation in the city. It also highlights that mixed-use 

development is efficient than single-use development, as it can enable people to access services 

easily while staying on foot and close to home.

 Pedestrian streets: Streets can be used both as public space and transportation at different times of the day, 

with re-planning of traffic movements. Also, areas with heavy foot traffic can rethink the streets as public 

spaces, closing traffic permanently. These measures will create more outdoor spaces in over-populated Indian 

cities, for physical health and social gathering.

 Spaces for children: Indian cities are not safe for children, due to lack of parks, pedestrian networks, and 

excessive traffic. As schools move online, we need to create more interactive spaces for children where they can 

learn and experience life safely, with each other. It should be kept in mind that here, both the spatial layout and 

the furniture is important to keep the kids safe.

 Bicycle networks: Pandemics make it difficult and risky to travel in public transport. We need to redesign our 

streets and traffic patterns to support bicycles.

 Guidelines for informal settlements: These are places with high population density and small houses sharing 

communal services and open spaces. As the urban layout of these communities is organic and temporal, we 

need to put in a network model for services and supply networks, which can multiply and change with time, at 

the same time enabling residents to get equal access at all the time. This would also require rethinking of 

residential vs. open space layout.

 Digital Transformation: It has become vital to have real-time, geo-located, publicly available data for different 

services, e.g., number of people in a park, emergency notifications, digital payments for services, Wi-Fi enabled 

public spaces etc. In urban design it is important to provide provisions for these smart technologies to keep 

track of people, allow people to update data for maintenance purposes. This data would also allow designers to 

conduct efficient analysis for future interventions.

 Rethinking location of public services: We need to recalculate and plan the location of services like public 

toilets, drinking water etc., which allow effective social distancing and efficient cleaning and maintenance. It 

might be required to rethink the per person ratios or timings of these services and connect them digitally to a 

central portal for updates and maintenance.
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Sub-Module 2: Green Oriented Planning 
 

2.1 Background 

Cities are dynamic, and complex. Asia is urbanizing rapidly, increasing pressure on 

resources and infrastructure, and simultaneously influencing the living conditions and 

quality of life conditions for inhabitants. How Asian cities respond to these challenges 

has local, regional, and international reach. Green City does not have a universal 

definition and therefore will mean many different things to different people. Along the 

same lines, there is no universal solution that can be applied to every city in any country. 

Adaptable, responsive, and innovative solutions that differ from one place to another 

enable Green Cities to emerge in various guises and recognize the variation and 

dynamism of cities. 

 
2.2 The Problem of Urban Sprawl 

Despite its enduring popularity, suburban sprawl faces several emerging crises, which 

threaten its dominance. These include challenges in relation to the destruction of 

agriculturally productive (e.g. Seto et al. 2000) and bio diverse land in the peri-urban 

zones (e.g. Radeloff et al. 2010), ballooning service and public transport infrastructure 

costs (Brownstone and Golob 2009; Bento et al. 2005), and the concentration of socio- 

economic vulnerabilities on the city’s fringes (Dodson and Sipe 2008; Zhaoand Kaestner 

2010; Sturm and Cohen 2004; Nechyba and Walsh 2004).Life for residents of the 

suburban periphery can be dominated by longer commutes, which researchers have 

linked to lower overall well-being and life satisfaction (Kellyet al. 2012). Indeed, more 

than a quarter of all commuters in Australia’s big cities spend more time commuting than 

they do with their children (Kelly and Donegan2015). Outer suburbs also offer poorer 

access to jobs, which affects residents’ ability to maintain and develop a career (Kelly and 

Donegan 2015). Concomitantly, newer outer suburbs often offer significantly less private 

garden space than their middle-ring equivalents (Bolleter 2017) due to New Urbanism-led 

attempts to deliver “compact” suburbs. Such approach can result in outer suburbs that do 

not offer the “leafy green” qualities of long-established suburbs nor the true benefits of 

urbanity, such as walk-ability, vibrancy and diversity. 
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2.2 Introducing Green Oriented Development 

Despite the widespread adoption of TOD (Trans Oriented Development) ideology, many 

urban planning agencies are not achieving their targets for urban infill (Bolleter and 

Weller 2013; Bergeret al. 2017). In part, this is because the TOD planning strategies follow 

a rather “inflexible, over-neat vision” of cities that sits at odds with their “increasing 

geographical complexity” (Forster 2006). 

 
While the principles of Trans Oriented Development are well established and have some 

validity, it is our belief that we need a complementary strategy for achieving infill 

development. With this, the concept of Green-Oriented Development has come into 

picture. While TOD correlate suburban densification with public transport hubs, Green 

Oriented Development correlates urban densification with significant, upgraded public 

green spaces or parks that are relatively well served by public transport. 

 
Figure 4: Recreation of urban landscapes through green development (Source: Greenspace-Oriented 

Development: Reconciling Urban Density and Nature in Suburban Cities) 

 

 
In Indian cities, urban greens refer to any area within the city limit which has been 

created and preserved for the purpose of growing plants. However, urban landscapes 

have evolved under extremely complex influences of changing land uses and 

management practices, sustaining some habitats and fundamentally altering others. 
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The Ministry of Environment, Forest and Climate Change (MoEF&CC) was established in 

1985, following which the Environment Protection Act, 1986 was notified. This is an 

umbrella act which ensures the protection of all dimensions of the natural 

environment. This, along with other acts related to quality of water resource, air, 

forests, biodiversity, etc., mention the importance of green areas. However, no law or 

legislation specifically mentions the protection and enhancement of green areas and 

Green Infrastructure. It is understood that these are to be dealt with at the local level. 
 
 
 

Figure 5: Recreation of green spaces at city and national level (Source: Center for Science and 

Environment, 2017) 

Three main components of the urban forest and green spaces are: 

 
 Patch (urban domestic gardens, public and private parks, gardens, urban forest 

patches, etc.), 

 Corridor (roadside avenues, walkway and urban green ways, etc.) and 
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 Network structure (layout of all the patches and corridors connecting the 
patches). 

 

From a global perspective, although there are wide variations both in coverage as well as 

per capita availability of green spaces, cities in the world renowned for their urban green 

spaces often have 20–40 per cent green coverage and 25–100 sq. m urban green spaces 

per capita. Most Indian cities are far behind in quality as well as quantity of urban open 

spaces than their counterparts in Australia, Europe and North America. 

The master plans of cities in India specifies ‘the proposed’ recreational or open space as 

part of different urban land uses. It has been observed that the range of designated land 

use for green open spaces ranges from 0–15% per cent irrespective of the typology of the 

city. 

However as per URDFI guidelines, 2014 about 25–35 per cent of a city’s area should be 

earmarked as recreational and open spaces, in addition to environmentally sensitive 

areas, which must be protected. Area should be earmarked as recreational and open 

spaces, in addition to environmentally sensitive areas, which must be protected. 
 

Figure 6: Types of Environmental Degradation (Source: (Source: Center for Science and Environment, 2017) 
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2.3 Why Green Oriented Development? 

The concerns for the global environment are high and there is a need for sustaining the 

environment that every country has to deal with. India is a country in South Asia, the 7th 

largest country in the world. It also has the need to sustain the environment to cater for 

the amount of people that it has living there. It is a developing country and although 

growing fast economically it does not always have the resources required for many large 

scale projects. Rajasthan is a state in India situated in the North West of the country. It is 

a large desert state that receives minimal rainfall throughout the year. Jaipur is the capital 

city of the Rajasthan state, with a projected population of 3.43 million in the year 2021. 

This is a problem when only 9% of Rajasthan is covered in forest land, meaning that there 

are large improvements needed to the environment in order to sustain it for the future in 

light of the expected number of people. There is also a high amount of poverty in the 

region with a large divide between the economical classes. Many of the areas within 

Jaipur do not have the required resources to enable the correct amount of environment 

to be sustained. This can be a problem for the future. 

As per Census 2011, Rajasthan’s total population is 68.54 million, while its urban 

population is 17.04 million that is 24.8 % of the total population. Urbanization level in 

Rajasthan is lesser than the national average urbanization level. Within Rajasthan, there is 

little variation across districts. Out of the 33 districts in the state, only the five major 

districts of Kota, Jaipur, Ajmer, Jodhpur, and Bikaner have a level of urbanization that is 

higher than the national average. The total number of urban centers in Rajasthan is 297 

(185 statutory towns and 112 census towns). Evidently, the number of smaller urban 

centers or urbanizing villages in Rajasthan that satisfy the basic criteria of being urban is 

on a constant rise. 

Urbanization is not a simple demographic change but it involves a profound social, 

economic, environmental, and cultural transformation. Evidence from international 

experience suggests that it is not just the movement of people from rural to urban areas 

but how well urbanization is managed which ensures that fast growth rates are achieved. 

In order to maximize the benefits from rapid urbanization, fast economic growth and 

increasing per capita income and demographic dividend, the state needs to capture the 

moment to make urbanization an opportunity for growth and development rather than a 

missed opportunity which will prove to be a challenge in the future. 
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The 2030 Sustainable Development Agenda with 17 sustainable development goals and 

169 targets that were adopted in September 2015 demonstrate the scale and ambition of 

member states in the new universal agenda. 

The Constitution of India contains specific provisions for the protection and improvement 

of environmental quality. Article 48-A of the Constitution says that “the state shall 

endeavor to protect and improve the environment and to safeguard the forests and wild 

life of the country.” Article 51-A (g) says that “It shall be duty of every citizen of India to 

protect and improve the natural environment including forests, lakes, rivers and wild life 

and to have compassion for living creatures.” These provisions highlight the national 

conscience on the importance of environment protection. The National Environment 

Policy of the Ministry of Environment, Forests, and Climate Change highlights important 

principles around sustainable development such as social justice, polluter pays, and 

entities of incomparable value. 

The National Action Plan on Climate Change (NAPCC) along with the State Action Plan on 

Climate Change is important milestones for mainstreaming climate in development 

processes at the national and state levels. NAPCC has eight national missions that outline 

priorities for both mitigation and adaptation to combat climate change. The current eight 

missions are on the areas of solar energy, energy efficiency, sustainable habitat, 

sustainable agriculture, Green India, water, Himalayan ecosystem, and strategic 

knowledge. The government is proposing to set up new missions on wind energy, health, 

waste-to-energy, coastal areas, and also redesigning the National Water Mission and 

National Mission on Sustainable Agriculture. 
 
 
 

Figure 7: Percentage trend of urbanization in states of India (Source: Rajasthan Urban Development 

Policy (Sept. 2017) 
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2.4 Ecosystems Services and Functions of Urban Green Spaces 

Trees in urban systems provide a variety of ecosystems services including biodiversity 

conservation, removal of atmospheric pollutants, oxygen generation, noise reduction, 

mitigation of urban heat island effects, microclimate regulation, stabilization of soil, 

ground water recharge, prevention of soil erosion, and carbon sequestration (Bolund and 

Hunhammar 1999). A recent El Niño Southern Oscillation (ENSO) resulted in die-off of 

mammals in the Kumbhalgarh Wildlife Sanctuary (KWS) in Rajasthan. This die-off 

coincided with the La Niña-induced drought of 2000, and two consecutive monsoon 

failures. Indeed, Hanuman langurs (Semnopithecus entellus) suffered a population crash 

of nearly 50% from 1999 to 2001 in KWS. But, langurs in Jodhpur city were buffered 

against drought because of the availability of urban green habitat and food (Waite et al. 

2007). Even the trees in backyard provide the benefit of biodiversity conservation 

networks in urban ecosystems (Hillary et al. 2002). The Urban Heat Island is a 

phenomenon whereby temperatures in urban areas are warmer than the surrounding 

rural countryside, often by several degrees. As urban green spaces and urban forests 

increase, evapo-transpiration rate increases .Thus, a common measure to mitigate urban 

heat island effect is to increase urban green spaces. Studies on microclimate formation 

through built-up morphology and urban shade trees have clearly established the 

importance of urban trees in alleviating the heat island effect in a hot and humid summer 

(Shashua-Bar et al. 2010). There are several lessons for policy, practice and research in 

order to develop new urban green spaces, enhancing the management effectiveness of 

existing green spaces, financial innovations to generate resources for sustainable 

management of green spaces, and local monitoring and local enforcement for effective 

governance of urban forests. It is now well-established that we need to coherently 

manage terrestrial, ecological, physical and socio-economic components of urban 

ecological systems (Pickett et al 2001, Wu 2008), and without urban green spaces a 

sustainable city cannot be designed (Chiesura 2004). One of the most useful strategies for 

enhancing the urban green spaces would be to protect and develop adjoining forest 

lands— in accordance with Forest (Conservation) Act, 1980, and after carrying out 

appropriate Environmental Impact Assessment—by investing in sequential restoration 

and enrichment of local biodiversity. We can significantly reduce the potential extinction 

debt for a city by maximizing the proportion of native forest vegetation in the landscape. 

Thus, it would be prudent to implement this strategy by establishing multifunctional 

botanical gardens as urban green spaces in forest lands around Udaipur. 
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People appreciate that urban green spaces serve important social, psychological, health, 

aesthetic, ecological and economic functions. However, these functions are frequently 

taken for granted, both by the public and city authorities. Studies in cities of India suggest 

willingness of visitors to pay the entry fees provided these green spaces, gardens, urban 

forests and protected areas are managed sustainably (Chaudhry and Tewari 2010a, b, 

Hadker et al. 1997). Thus, regulatory framework of public policy for future urbanization of 

Jaipur should build strong incentives to encourage development of private domestic 

gardens with a preponderance of local tree species. From the perspective of biodiversity, 

the golden rule is: larger the urban forests, richer the biodiversity. Number of flora and 

fauna species often increase with increasing size of urban green spaces. Therefore, 

maintaining larger green spaces with high structural diversity may be effective in 

maintaining plant and bird diversity in urban systems (Khera et al. 2009). 

On the technical and governance issues following suggestions may be useful for creating 

multifunctional landscapes to enhance urban resilience and human well-being: 

1. Strengthening the network of urban green spaces through linkages between various 

components; 

2. Sequential restoration of existing urban forests and developing them into a 

multifunctional ecosystem; 

3. Developing connectivity, as far as possible, among backyard habitats, urban domestic 

gardens, and public parks; 

4. Integrating urban forest planning into regular master plans and urban development 

projects; 

5. Maintenance of species diversity and spatial heterogeneity by planting three-tier 

vegetation (herbs, shrubs and trees): no more than 30% from one family, no more 

than 20% from one genus, and no more than 10% from one species 

6. Designing and implementing the program for local monitoring and local enforcement 

of locally-made rules for the management of urban forests. 

 
Finally, as noted above, although enough is known to initiate a systematic urban green 

space development program in Udaipur to facilitate its development as a world-class city, 

we recognize that urban forests in India are least studied as far as species selection, 

planting methods, pollution control, carbon storage, energy/soil/water conservation 

aspects are concerned. As this review demonstrates, virtually no comprehensive study on 

the governance of urban green spaces in Jaipur have been performed. Accordingly, in 
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addition to the actions proposed above, we also identify several issues for further 

research to fill critical gaps in our knowledge about the urban green spaces of Udaipur. 

Research is needed to get a better understanding of the urban forest in Jaipur and other 

cities of Rajasthan. Research that quantifies the spatial extent, species diversity across 

different urban land use, growth and mortality, urban tree biomass, diameter distribution 

of urban trees across various species, present carbon storage and rate of carbon 

sequestration by urban trees and urban forest, pollution mitigation potential, and 

hydrological functions of urban forests is urgently required. 

 

2.5 Peri-Urban as a Resource Base 

2.5.1 Introduction 

We are now living in an ‘urban age’ wherein more than 50% of the world’s population is 

living in cities and towns. Moreover, it is further estimated that cities and towns 

contribute more than 70% of the total greenhouse emission and consume more than 50% 

of the total resources. However, although urban areas are rife with problems they also 

offer opportunities for economic development, social inclusion, technological 

advancement, etc. For example, although in India, total urban population accounts for 

only 30% of the total population, it is estimated that urban centers contribute more than 

60% of the total GDP of the country. This is the primary reason expounding the growing 

convergence of efforts and ideas, globally, for the promotion of sustainable urban 

development policies and discourses; ultimately underscoring the tremendous role of 

urban areas in ensuring sustainable and inclusive growth of our society. 
 

2.5.2 Peri- Urban: Exploited Regions  

However, there has been very limited attention given to 

the peri-urban areas: an area contiguous to the 

perceived ‘urban islands’ primarily considered as source 

for resources and sink for urban wastes. Peri urban 

areas display characteristics of both urban and rural 

areas and it is vital to understand and plan for their 

coordinated development, based on their functions and 

structures. In India, these areas provide important 

services, viz. food, water, and retreat from urban heat, 

 
 

Figure 8: Present Scenario of Peri- 

Urban landscape 

etc., to the adjacent urban centers. Notwithstanding their tremendous importance, they 

are scourged with industrial pollution, lack of dedicated policy focus and scientific 

regulations for planned growth, and increasing competition for land and water resources 
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ultimately dragging poor peri-urban communities into utter destitution. In the wake of 

climate change and rapid urbanization, it is, therefore, of paramount importance to 

recognize the role of peri-urban ecosystems in: adapting to climate change and making 

urban centers resilient; promoting water and food security; and management of waste for 

promoting circular economy. 

2.5.3 Peri Urban as Vanguard for Sustainable Action: 

To understand urbanization as a process which is 

not confined within the limits of its municipal 

boundaries, but implicates wider regions and 

hinterlands for producing conditions of urban 

living. Not only we posit a dire need to consider 

the impacts of urban sprawl on peri-urban areas 

but enunciate the importance of linking the 

dynamics of peri-urban areas and activities of 

their denizens with holistic regional planning 

approaches. Considering the contemporary pace Figure 8: Importance of Peri-Urban Landscape 

of urbanization, areas presently marked as peri-urban zones are destined to get devoured 

by the city within its municipal limits and surrounding green zone, in turn, will begin to 

display hybrid rural-urban character. This is a 

dynamic process which decision makers need to be 

cognizant of while crafting policies and plans for 

balanced and comprehensive development. An 

integrated approach will also promote economic 

optimization by closing the loop of resource 

consumption and waste disposal/reuse. Proper 

mapping and documenting of livelihood and social 

needs of peri-urban community will further help 

decision makers in planning for urban development 

Figure 10: Balanced strips of peri-urban 

and urbanization 

and resource allocation policies with little to no ramifications on marginalized peri-urban 

communities. 
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Sub-Module 3: Urban Forestry 
 

3.1 Introduction 

Urban development – as often practiced – results in the depletion and degradation of 

natural ecosystems in and around urban areas, the drastic loss of vital ecosystem 

services and, potentially, little resilience to disturbances, such as those caused by climate 

change. As the world continues to urbanize, sustainable development challenges will 

increasingly concentrate in urban areas, particularly in lower- and middle-income 

countries, where urbanization has often taken place rapidly, spontaneously and with 

insufficient strategic planning, resulting in unsustainable patterns of land use. 

Urban planners and city administrators face daily challenges in managing complex urban 

environments, such as maintaining sufficient healthy and safe food, clean water, clean 

air, energy, housing and green spaces and addressing conflicts of interest related to land 

use. More than ever, they must rise to the challenge of ensuring that their cities are 

economically, socially and environmentally sustainable, resilient and capable of providing 

the ecosystem services needed by their citizens for a good quality of life. Well-designed 

and managed urban and peri-urban forest and tree systems (hereafter referred to 

collectively as “urban forests” except where it is necessary to distinguish among such 

systems) are integral to meeting this challenge: urban forests can make significant 

contributions to the environmental sustainability, economic viability and livability of 

urban settlements. 

 

 
3.2 Urban-Forest 

Forests in and around cities face many threats, such as those posed by unregulated urban 

development and a lack of investment and management. Although it has been 

demonstrated that coherent investment in the establishment, protection and restoration 

of urban forests can help create a healthy environment, such forests are often 

appreciated more for their aesthetic value than for their ecosystem functions. Mayors, 

planners and other urban decision-makers are often unaware of the crucial economic, 

social and environmental benefits that urban forests can provide. They often place a low 

priority on urban forests, therefore, and budgetary resources are allocated to other civic 

areas seen as more important, such as health, welfare and it can be used 
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for “grey” infrastructure. It is increasingly recognized, however, that green infrastructure 

also has a high (tangible and intangible) value. Every urban planning decision should take 

into account the overall benefits and costs – the triple bottom line – of choosing one land 

use over another. Public administrators should view their urban forests as crucial 

infrastructure providing tangible benefits and values that enhance quality of life, safety, 

and public health. In fact, the return on investment in urban forests far exceeds the cost 

of installation and maintenance compared with grey infrastructure and should be 

considered a “smart deal” for decision-makers, administrators and citizens. The benefits 

of urban forests, detailed in Table 2, vary in nature and importance depending on the 

location and economic, social and environmental circumstances of a given community. 

For example, the sustainable production of wood fuel may be of considerable importance 

in a rapidly expanding urban area in a developing country, whereas the provision of 

recreational opportunities may be afforded higher priority in cities with developed 

economies (and therefore less reliance on wood fuel for energy). For example, thanks to 

their water provisioning, regulating and filtering role, urban forests play key roles in 

supporting water management in and around urban settlements. Peri-urban forests 

increase the supply of good-quality water, thus helping cities address increasing water 

demands. New York City spent between US$1.4 billion and US$1.5 billion in watershed 

protection projects (including improved forest management) instead of building a 

filtration plant estimated to have cost US$6 billion to build and a further US$250 million 

per year to maintain. By helping store water in soil profiles, forests increase resilience to 

drought, the incidence and severity of which are projected to be exacerbated by climate 

change. 
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Urban Issues Potential Benefits of Urban Forest 

Food security Provide food, clean water and wood fuel 

Urban Poverty Create jobs and increase income 

Soil and landscape degradation Improve soil conditions and prevent 
erosions 

Reduced biodiversity Preserve and increase biodiversity 

Air and noise pollution Remove air pollutants and buffer noise 

Greenhouse gas emissions Sequester carbon and mitigate climatic 
change, improve local climate build 
resilience 

Extreme weather events Mitigate local climate and build resilience 

Energy storage Save energy through shading/cooling, and 
grow wood fuel 

Heat island effect Cool the built environment through share 
and evapotranspiration 

Limited accessible green space Provide more accessible natural and green 
space 

Public health Improve the physical and mental health of 
residents 

Flooding Mitigate storm-water runoff and reduce 
flooding 

Limited recreational opportunities Provide opportunities for recreation and 
environmental education 

Exposure Provide shelter 

Limited water resources Enable infiltration and the reuse of 
wastewater 

Lack of community and social cohesion Provide distinctive places for formal and 
informal outdoor interaction 

Table 2: Potential Benefits of Urban Forest (Source: Food and Agriculture Organization) 

 

 

3.3 Enabling Environment 

3.3.1 Governance 

Governance comprises the efforts, means and tools involved in directing the actions of 

individuals and groups towards common goals; more specifically, it is the development, 

application and enforcement of generally agreed rules of the game. Whatever the 

definition, the sound governance of a modern city implies a fundamental transition from 

the concept of local government to that of local governance, in which all stakeholders 

have responsibility for policy development, planning and management. In Urban Policy 

Framework, the rules of the game encompass both the governance of urban forests 
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themselves, and the role of forests and trees in overall urban governance. Urban forest 

governance should aim to integrate the management of all green infrastructures in a city, 

which is often under the responsibility of several public authorities. It should encompass 

both public and private trees – that is, the urban tree canopy. The importance of an 

integrated approach to urban forest governance is widely recognized, but developing a 

framework of actions and providing an enabling environment for UPF is complex. An 

effective governance framework requires the development of the necessary policies, 

incentives, laws and regulations through multi-actor and multi-sectorial approaches that 

fully take into account all relevant economic, social and environmental dimensions. Such a 

framework must also be based on a strategic vision and the harmonization of planning, 

design and management of present and future urban forests. It has three distinct but 

interacting areas, summarized in Table 3. 
 

Factors Urban Forest Governance Urban and peri-urban forestry (UPF) 
in overall urban governance 

Policy The governing style, measures, 
actions and processes adopted 
by a community to manage 
existing or planned urban 
forests 

The governing style, measures, 
actions and processes of urban 
policies with direct or indirect 
relationships with UPF 

Norms Laws, regulations, by-laws, 
codes, ordinances, decisions 
and other formal deliberative 
documents that, at various 
levels (local to international), 
regulate use, define limits, 
indicate conditions, state 
opportunities, promote actions 
and identify incentives for 
publicly and privately owned 
urban forests. 

The legal framework (local to 
international) addressed to 
components of a society not directly 
concerning UPF but adopting or 
incorporating elements of UPF and 
green infrastructure as important 
aspects for the community – such as 
protected-area laws; building 
regulations; health ordinances; and 
road traffic acts 

Planning Assessments and plans of 
urban forests and other green 
infrastructure at the city-region 
level; the planning–design– 
management continuum of 
urban forests and other green 
infrastructure 

The role of urban forests and other 
green infrastructure in the context of 
urban planning, such as urban 
strategic planning; master plans; and 
sectorial and operative planning. 
Urban forests and other green 
infrastructure are not the targets of 
the plan but have a direct or indirect 
role 

Table 3: The interacting areas of urban forest governance within the urban governance framework (Source: 

Food and Agriculture Organization) 
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3.3.2 Aspects of Urban Forest Governance 

1. Strategic governance: Departments or units responsible for the management of 

green urban infrastructure should be involved directly in municipal decision- 

making processes to ensure that the strategic roles of urban forests are duly 

considered. Strategic urban forest governance requires the recognition of the value 

of the ecosystem services delivered by urban forests and the adoption of nature- 

based solutions as strategic governance tools for improving urban places while 

reducing the cost of city management. Strategic urban forest governance also 

requires sound knowledge management and collaboration between the 

municipality and relevant knowledge institutions to ensure that urban forests are 

considered as integral parts of a city’s infrastructure. 

2. Integration: “Integration” is a key issue in urban governance, and UPF both suffers 

from a lack of it and can play a central role in encouraging it. The effective 

governance of urban forests requires policies and laws aimed at harmonizing the 

range of interests in urban land by developing and strengthening a common vision 

and collaborative actions for green infrastructure in and around cities. 

3. Inclusive governance: Optimizing the contributions of urban forests and other 

green spaces to the quality of life of urban dwellers requires an ongoing robust 

dialogue between decision-makers and the public they serve (Box 3). Much is to be 

gained by increasing public involvement in decision-making on the urban living 

environment – such as increasing the legitimacy of decisions and public support for 

them, increasing awareness of the importance of urban forests, and improving the 

decisions themselves. Optimizing the contributions of urban forests and other 

green spaces to the quality of life of urban dwellers requires an ongoing robust 

dialogue between decision-makers and the public they serve. Much is to be gained 

by increasing public involvement in decision-making on the urban living 

environment – such as increasing the legitimacy of decisions and public support for 

them, increasing awareness of the importance of urban forests, and improving the 

decisions themselves. Cities are complex socio-ecological systems (for example, 

bio-geophysical, socially and institutionally), and the stakeholders who could be 

engaged in urban forest governance are many and heterogeneous (Figure below). 

Some may be involved directly in urban forest planning, design and management 

as professionals, technicians, users and decision-makers, and others may be more 

or less directly concerned with urban forest governance processes. 

4. Governance and Knowledge: The governance of urban forests requires that 

planning departments have the necessary technical skills and knowledge to include 
 



32 | P a g e  

UPF in the overall planning process. It is also essential that the community has the 

capacity – for example with respect to time, resources, skills and knowledge – to 

act on the opportunities provided by the governance process. This may be the case 

in only some communities or for certain community members, and innovative 

urban forest governance, therefore, may require education and capacity building. 

5. Urban forest governance arrangements: Figure 9 identifies a number of 

governance arrangements for urban forests based on their objectives and the 

functions of the various factors involved. 
 

Figure 9: Urban forest stakeholders and actors (Source: FAO) 

 

Place-making, place keeping : To ensure that as many citizens as possible are 

engaged in, and are willing to take responsibility for, the governance of the public 

realm, it is essential that spaces become shared places; this has an important 

symbolic value and plays an essential role in the daily life of a community. Place- 

making and place-keeping are complementary parts of a process of transforming 

spaces into places. Place-making is the process of creating high-quality spaces (e.g. 

parks, squares and waterfronts) that people want to visit, experience and enjoy. 

Urban forests are fundamental elements in public spaces worldwide. In addition to 

providing users with many services and benefits, they contribute to the character 



33 | P a g e  

and uniqueness of each place. Place-keeping is the long-term management and 

maintenance of high-quality spaces to ensure that future generations will be able 

to enjoy their economic, social and environmental qualities and benefits. Large 

amount of capital may be spent on the creation of green open spaces, but often 

little thought is given to, and insufficient resources made available for, their 

upkeep. Without such place keeping, however, public spaces can fall into a 

downward spiral of disrepair and anti-social behavior, with the net result that 

residents feel unsafe in those spaces and choose to avoid them. The economic and 

social costs of restoring neglected green spaces can be considerable. 

 
3.3.3 Policy 

 
 

A policy is a system of principles referring to a common vision, which aims to guide 

specific decisions or sets of decisions and to set out the actions required to implement 

those decisions. There is an important distinction between policies addressed specifically 

at the implementation and management of urban forests, and broader urban policies 

(overall or sectorial) covering the multiple socioeconomic interests of a city-region, which 

have direct or indirect, and positive or negative, impacts on urban forests. Each country 

has its own approach to urban policies; for some, it may be appropriate to develop such 

policies at the national or sub-national scales, while others may be developed at the scale 

of individual cities. Even if there is a stringent national policy approach to urban issues 

(e.g. where there is a centralized ministry of urbanism or national urban policy, as is the 

case, for example, in Angola, the Central African Republic, Ghana, Morocco and Serbia, or 

there are binding programmes and centralized city policies, such as in China), cities differ 

in character and therefore in policy development and implementation. Urban Policy 

Framework is inherently local, and policies on it can vary substantially, even within the 

same country, as well as between countries. In some cities (e.g. Ljubljana, Slovenia; 

Melbourne, Australia; Telford, the United Kingdom of Great Britain and Northern Ireland; 

and Vancouver, Canada), local administrations have designed and been successfully 

implementing UPF policies and strategies for many years. Other cities – especially in 

developing countries – lack specific UPF policies and do not actively manage their urban 

forests. A number of cities in Asia (e.g. Shanghai, China), Africa (e.g. Durban, South Africa) 

and Latin America (e.g. Curitiba, Brazil) have given high priority to UPF (particularly during 

some administrations), despite wide-ranging socioeconomic problems. Policies on urban 

forests are often developed and implemented sectorally, leading to conflicts with the 

policies of other urban sectors over the use of open spaces. An effective UPF policy 
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requires inter-sectorial dialogue to harmonize the range of interests and to develop and 

strengthen a common vision for green infrastructure in and around cities. For an urban 

policy to be effective, it must address the entire municipality, and it must work to 

strengthen the economic, social and environmental links between urban and rural areas. 

UPF policies should pay particular attention to peri-urban areas, which can be considered 

as the bridge (both physically and socioeconomically) between urban and rural areas. 

Table 5 presents elements of the vision, principles and actions for UPF and other urban 

policies that may have impacts on the management of urban green spaces. 
 

Figure 10: Urban Forest Governance & its types 
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Vision Healthy and resilient green 
cities and urban forests 
provide benefits to all and 
are managed with a shared 
commitment by all members 
of a community 

Cities that are resilient to 
economic, social and 
environmental challenges 
and promote the sustainable, 
spatially integrated and 
orderly development of 
urban settlements with 
adequate housing, 
infrastructure and services, 
efficient institutions, and a 
sound   living   and   working 

environment for all people 

Principles • Citizens, businesses, 
property owners and local 
agencies define the UPF goals 
and values and work with the 
community to achieve them 
• Residents are the most 
important and influential 
stewards of urban forests 
• Management is directed 
and coordinated to meet the 
overall intention to promote, 
conserve, protect and 
improve urban forests while 
flexibly accommodating 
diverse land ownership, uses 
and activities 
• Urban forests on both 
public and private land are 
protected and managed to 
provide the benefits of the 
“right tree in the right place” 
and support the integrity of 
natural features 
• Stable long-term financial 
support is available for UPF 
and other nature-based 
solutions 

• All urban  development is 
based on sound 
environmental criteria 
• Health in the broadest 
sense is a right of all 
citizens 
• Environmental education is 
accessible to all 
• Links exist between urban 
policies and other relevant 
policies at the local, 
subnational, national and 
regional levels 
• Strategic and programe 
documents at the local, 
subnational and national 
levels are inter sectorial 
• Land use and land tenure 
are addressed equitably 
• Smart growth principles 
and actions are adapted to 
the local context 
• Urban–rural linkages are an 
opportunity for the 
socioeconomic development 
of both cities and 
surrounding rural areas 
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Implementation • Develop urban forest 
targets 
• Develop municipal/national 
standards and guidelines for 
the sustainable design, 
management and 
maintenance of urban 
forests 
• Promote the inventory and 
monitoring of urban forests 
• Monitor the health of urban 
forests and adopt a risk 
management plan for 
addressing potential threats 
• Develop a business case for 
urban forests as green 
infrastructure to secure 
funding 
• Seek funding opportunities 
and partnerships and develop 
incentive schemes 
• Identify innovative 
technologies and techniques, 
and potential research 
partners 
• Promote and sustain 
initiatives and 
communication tools to 
engage the community in 
urban forest stewardship 
• Work collaboratively with 

schools and education and 
capacity-building institutions 
to increase knowledge 
• Promote or create UPF 
policy networks 

• Develop a “green city” 
action plan, including 
measurable targets and 
goals 
• Establish sustainable 
development guidelines 
• Develop a “renewable city” 
strategy 
• Develop a sound healthcare 
strategy, including outdoor 
prescriptions 
• Develop a climate-change 

adaptation strategy 
• Prepare land-use and 
development guidelines 
• Update green zoning and 
re-zoning policies 
• Adopt green standards 
(e.g. the LEED [“Leadership 
in Energy and Environmental 
Design”] Gold standard 
developed by the US Green 
Building Council) for building 
and property development 
• Develop and manage smart 
infrastructure  systems, 
adopting nature-based 
solutions 
• Protect open spaces, green 
belts, forest reserves, water 
bodies, wetlands, water 
catchment areas and other 
ecologically sensitive areas 
from physical development 
and urban encroachment 
• Develop and implement a 

systematic programme of 
flood control and establish 
adequate measures to 
protect against natural 
hazards in urban areas 

Table 4: Vision, Principles and Means of implementation for urban and peri-urban forestry 
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3.4 Nagar Van Scheme 

On the occasion of the World Environment Day (5th June 2020), Minister of Environment, 

Forest and Climate Change (MoEFCC) Mr. Prakash Javadekar launched the Nagar Van 

Scheme or Urban Forests Scheme with 200 corporations and cities across India. The Nagar 

Van or Urban Forests aims at developing 200 Urban Forests pan India in the coming five 

years. For this, the Warje Urban Forest situated in Maharashtra's Pune will be considered 

as a role model. The Nagar Van will be built either on the existing forest land or another 

vacant land in the cities across India offered by the local bodies 

A. Vision 

To create Nagar Van/Urban Forest in each Class I City or City having Municipal 

Corporation/Municipality for providing wholesome healthy living environment for the 

residents and thus contributing to growth of clean, green, healthy and sustainable 

cities. 

 
B. Objectives: 

 Creating green space and aesthetic environment in an urban set up. 

 Creating awareness about plants and biodiversity and develop environment 

stewardship. 

 Facilitating in-situ conservation of important flora of the region 

 Contributing to environmental improvement of cities by pollution mitigation, 

providing cleaner air, noise reduction, water harvesting and reduction of heat islands 

effect 

 Extend health benefits to residents of the city, and 

 Help cities become climate resilient. 

 
C. Guidelines for implementation of Nagar Van Yojana 

A Nagar Van/Urban Forest is/will be a forested area in the city or in its vicinity. It shall 

be accessible to the city dwellers, and will be suitably managed for providing 

wholesome natural environment for recreation, education, biodiversity conservation 

and support services like water and soil conservation, pollution abatement, reduction 

of heat islands effect of the city with the essential elements for regular use. 

 
C1. General: 

 The scheme will be implemented for a period of five Years. 
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 The scheme aims at developing 200 Nagar Van/ Urban Forests across the country 

in cities having Municipal Corporation or Municipalities. 

 Nagar Van / Urban Forests may be developed over a minimum area of 10 ha and a 

maximum of 50 ha. 

 The Scheme aims at development of Nagar Van primarily on forest land within the 

limits of municipalities or on its immediate fringes which are getting degraded or 

face threat of encroachment. The purpose will be to improve the density of 

vegetation by planting judicious mix of different species of shrubs and trees as per 

local site conditions and protection of forest lands within and in the vicinity of 

cities which are getting affected/ degraded and face the threat of encroachment. 

 Nagar van may be developed on forest or other vacant non-forest public land also 

but preference will be given to forest land. 

 The area selected shall be accessible to city dwellers. 

 The financial modalities of the scheme will be as follows: 

o The Ministry will provide one time development and non-recurring grant to 

the implementing agency for creation of an Urban Forest to a maximum 

extent of Rs. 2.0 crores. Balance cost will be met by the implementing 

agency from its own resources. 

o Financial assistance from Govt. of India under this scheme shall be provided 

as a grant to State Forest Development Agency (SFDA), and the SFDA shall 

further release the portion of the grant meant for an implementing agency 

within a period of seven (7) days. 

o The Nagar Van/ Urban forest should be developed in a collaborative mode 

involving forest and other departments of the State/UT Government, NGOs, 

Industries, Corporate bodies, civil societies etc. 

o The Nagar Van should be developed with a participatory approach, adopting 

a PPP model, to ensure public participation in planning, implementation and 

management of Nagar Van /Urban Forest. An agreement between different 

stakeholders should be signed as may be needed. 

o For raising of plantations and developing other components of a Nagar Van, 

NGOs, Corporate bodies, Industries, civil society and other institutions may 

be involved. 

o The Implementing Agency of Nagar Van may levy user fee, receive grants 

from other agencies, etc. from Year-1 of the scheme itself. 
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o A Corpus of the entire funds received by the implementing agency shall be 

maintained as an interest bearing account in a government/ public sector 

bank. 

o Financial assistance will be provided under this scheme to each Nagar Van 

for the first two years only. 

o Detailed account of receipts and Nagar Van wise expenditure shall be 

maintained by each implementing agency. Likewise, the State Forest 

Development Agency (SFDA) shall maintain an account of receipts, and 

implementing agency wise expenditure from its Corpus. 

o All funds received by implementing agency shall be subjected to annual 

audit by a chartered accountant. 

 
 

 
C2. Components of Nagar Van: 

Following items of work may be undertaken in a Nagar Van- 

 Fencing of the area 

 Establishment and maintenance of wooded blocks with emphasis on locally 

appropriate tree/shrub species. 

 Theme based plantations, like Smriti Van, Rashi (Nakshatra) Van, etc. 

 Plants to include ornamental trees, shrubs and climbers, medicinal plants, 

flowering plants, fruit trees etc. to represent floral biodiversity. 

 Irrigation/ rain water harvesting facility 

 Establishment and maintenance of public conveniences, drinking water facilities, 

benches, walkways/ footpath, jogging and cycle track, etc. 

 Establishment and maintenance of Information and extension centre including 

I&E kiosk, display boards, signage, information brochures etc. 

 
C2. Formulation of proposal & its approval 

 A detailed project proposal for establishment and maintenance of Nagar Van 

shall be formulated by the concerned implementing agency having possession 

of the proposed land. 

 The implementing agency shall submit the proposal to State Forest 

Development Agency (SFDA) under State Forest Department (SFD), and the 

SFDA after due scrutiny will forward the proposal to National Afforestation and 
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Eco-development Board (NAEB) in the Ministry of Environment, Forest and 

Climate Change, Govt. of India, for further consideration. 

 The proposal should include: (i) Details of land identified for Nagar Van, along 

with KML Map of the area on 1:10,000 or larger scale with clear boundary 

description (GPS coordinates). (iii) A development cum Management Plan with 

year wise details of works under different components along with item-wise 

cost. 

 Implementation of the scheme and its monitoring at state level shall be the 

responsibility of the SFDA. 

 A Project Management Unit (PMU) will be set up in the NAEB, MoEF&CC for 

coordinating, monitoring, publicity and training for staff in urban greens 

management under the Scheme. 

 
 

 
D. Target under the scheme 

 The scheme envisages development of 200 Nagar Vans across the country 

during the period 2020 -21 to 2024-25. An endeavor would be made to 

promote 40 such Nagar Vans in the first year of the scheme. 

 Project proposals from SFDA will be considered on a first come first served 

basis. However, efforts would be made to spread the Nagar Vans across the 

country. 

 

E. Fund transfer mechanism under the scheme 

 NAEB, on receipt of project proposals for establishment of Nagar Van from 

SFDAs, will examine the same, and present it to the National Authority for 

release of funds. Each SFDA project shall be serially numbered. National 

Authority shall release funds as grant, as per Compensatory Afforestation Fund 

Act, 2016 and Rules directly to respective SFDAs. 

 The Ministry to provide one time grant to the concerned State government / 

land owning implementing agency based on the work requirement to the 

maximum Grant of Rs. 2.00 crores per Urban Forest. The grant of Government 

of India will, however, be restricted as per the cost norms of Rs.4.00 lakhs per 

hectare. 
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 The grant will be released in two installments, first installment of 70% of the 

sanctioned amount will be released to SFDAs after the approval of the project 

by National Authority and remaining second installment after utilization of 60% 

of the first installment and on submission of utilization certificate and progress 

report. 

 For meeting the requirement of additional funds, the respective Agency should 

make necessary provisions for funding in advance. State/ UT Governments/ 

implementing agency can arrange funds from various resources including 

CER/CSR funds. Each implementing agency will, however, maintain records of 

funds received from various agencies and expenditure incurred against that. A 

commitment to bear the balance cost of the Project should be enclosed with 

the proposal. 

 Funding Pattern: 

o The funds of Rs. 2.0 crore/grants will cover the following: 

i .Cost of fencing 

ii. Soil-moisture conservation measures 

iii Administrative cost 

iv Maintenance cost of plantation 

o NGOs, Corporate bodies, Industries, Civil Societies, may also be involved and 

contribute for developing other components, like: 

v Plantation including raising of nursery/sapling, composting, landscaping 

and tree planting and its maintenance. 

vi Other essential items including Public convenience, Signage, Jogging 

Track, Nature trail / Footpath, Benches. 

vii Special components like arboretum / bamboosetum / herbal/medicinal 

plants garden, etc. 

 Use of locally available material, energy conservation and waste recycling will 

be encouraged. 

 The M & E cost will be released to SFDA for monitoring of the progress of the 

project. Each SFDA will be allowed to engage one technical consultant at a cost 

of Rs. 40,000/-per month till the completion of the project for monitoring and 

other works and will also be given Rs.50,000/- per project as lump sum grant for 

M & E and meeting overhead expenses. 

 The implementing agencies shall ensure sufficient revenue generation for 

maintenance and upkeep of the Nagar Van. For revenue generation economic 

activities like sale of seedlings/saplings, value added/processed forest products, 
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sale kiosks, recreation facilities, organizing fairs and festivals etc. with the 

involvement of local people may be promoted. 

 
F. Fund transfer mechanism under the scheme Monitoring 

 The agency involved in developing Nagar Van will furnish Quarterly progress report 

and will also prepare comprehensive annual report of all activities, accompanied 

with photos, every year by December and submit it to the SFDA for monitoring. 

These reports will also be sent to NAEB through PCCF/SFDA for further evaluation 

and consideration for release of funds for the next year. A completion report of the 

project shall also be sent to NAEB through the same channel for monitoring and 

evaluation. 

 SFDA will also carry out monitoring of the progress and completion of activities 

under the scheme and submit report. 

 A Project Management Unit (PMU) will be set up in NAEB, MoEF&CC for 

coordinating, monitoring and publicity of the Scheme by engaging technical 

consultant and attendant to operate the PMU. The PMU operation, third party 

monitoring and evaluation, preparation and publication of documents/ films etc. 

will be done through empanelled agencies of NAEB. The expenditure on the 

aforementioned functions of PMU will be met from the National Fund. NAEB will 

be engaging Agriculture Finance Corporation Ltd., an empanelled agency based at 

New Delhi, associated with NAEB for monitoring and evaluation etc., for facilitating 

operations of PMU. The funds required for PMU operations will be parked with AFC 

Ltd. for utilization as and when required. 

 

3.5 Miyawaki: A Mini Urban Forest 

There has been an increased emphasis on sustainable cities. One component of a 

sustainable city is the inclusion of trees as part of the greater urban ecosystem. Urban 

landscapes are typically thought of as artificial, harsh environments where cultivated 

plants grow outside their native habitats. Yet, measurements suggest there are large sinks 

for carbon and nitrogen, and high resource availability (e.g., cities emit large amounts of 

carbon dioxide which are utilized by plants) in urban areas. 

3.5.1 The Technique 

Miyawaki is a technique pioneered by Japanese botanist Akira Miyawaki, which helps 

build dense, native forests in a short time. It has revolutionized the concept of urban 

afforestation by turning backyards into mini-forests. The approach is supposed to ensure 
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that plant growth is 10 times faster and the resulting plantation is 30 times denser than 

usual. The Miyawaki method has been used successfully to restore forest in many places 

in Japan and in other places in South East Asia including India and now being applied in 

most of the countries. 

It is based upon following principles:- 

 Indigenous trees: Certain trees are better suited for unique ecological 

environments than others. To have the highest chance of success in terms of tree 

health and survival, one needs to know the indigenous trees in the proposed 

rehabilitation area. 

 Land preparation: For the trees to grow healthy and strong, they need the right 

nourishment. The land has to be prepared adequately. Land preparation entails 

mixing manure and rice husks to the soil based on its texture. 

 Species Competition and Mixing: For an indigenous forest to grow back in under10 

years, the spacing and placement of trees need to be carefully considered for 

maximum growth. 

 Water Conservation: A significant amount of water loss happens through 

evaporation from the soil surface. By mulching the ground, water is preserved. In 

addition to this, the trees need to be intensely watered for upto 2 years. 

 Maintenance: From the third year, leave the plants for natural management. The 

principle thereafter is, ‘no management is the best management. 

 

Forest creation in Udaipur using Miyawaki method is an initiative by Bhuvnesh Ojha Pukar 

Foundation .This project can be implemented on minimum 400 sq.ft. land with around 40 

native plants. 
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Figure 11: Structure of Forest (Source: Pukaar Foundation, Udaipur) 

3.5.2 How to Grow Miyawaki Forest: The Process 
 

Surveying the soil and tree species: 

Every plant needs good soil and the soil of natural forests is thousand years old. It has a 

high nutritional value, water retention capacity and perforation capacity. To get that kind 

of soil, for plant selection and soil treatment, we conduct a soil test. Determine the soil 

texture and add appropriate perforators, fertilizers and water retainers accordingly. This 

is followed by species selection for plantation. It includes identifying native species of the 

area along with its advantages, growth rate and availability. The most common species 

constitute 40- 50 percent and are major species followed by 25-30 percent of supporting 

and rest are occupied by minor species. For a multi-layered process, we divide species 

into 4 layers according to their maximum height like shrub layer, sub-tree layer, tree layer 

and canopy layer. 

Soil Preparation 

Ensure smooth and quick perforation of water to the roots by using biomass that is both 

spongy and dry like rice or wheat husk or groundnut shells. Add some water and moisture 

retainer, like cocopeat or sugarcane bagasse. Mulch the soil with organic and bio- 

degradable ingredients, like agro-waste. This step protects the soil and prevents sunlight 

from directly hitting the plants. 

Plantation 

Different tree species are planted in a strategic manner. Each sapling is attached with a 

bamboo stick for uniform growth. Finally, proper weeding and maintenance is done for 

upto 2 years after which plants can sustain themselves. 
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Figure 12: Plantation of Urban Forest in Udaipur (Source: Pukaar Foundation) 

 

3.5.3 Urban Forest Benefits 

 Temperature reduction: -2°C minimum, locally. 

 Air quality improvement, pollution clustering: absorption of 15% micro-particules, 

leaves and bark intercept dust. 

 Noise reduction: -10 dB for a mature Miyawaki forest. Health and well-being: 

reduction of stress, anxiety, solitude, cardio-vascular and respiratory diseases. 

 Biodiversity balance: biodiversity is on average 18 times higher, pest concentration 

can be lower, the forest ensures transfers and biodiversity increase in urban 

context. 

 Soil stability: the entanglement of roots forms a matrix-pillar system that retains 

soils. 

 CO2 sequestration: 100 m2 of Miyawaki forest compensates one year of a person’s 

carbon emissions. 

 Other benefits: These plantation techniques can be used to mitigate the effects of 

natural disasters, as well as fix crumbling slopes at areas of construction too. 

Miyawaki forest in Udaipur is free from the use of any chemicals or fertilizers. 
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Sub-Module 4: Zero Carbon Buildings: Every House Eco House 
 

4.1 Introduction 

The goal of the Paris Agreement on climate change is to keep average global temperature 

increase to well below 2°C, and preferably below 1.5°C. It requires the peaking of global 

emissions as soon as possible, followed by a rapid reduction, bringing greenhouse gas 

emissions effectively to zero in the second half of this century. The current climate targets 

of many countries and cities are largely inconsistent with this long-term vision. Although 

action is becoming increasingly widespread in both the power and mobility sectors, 

progress toward zero carbon buildings (ZCBs) has been relatively slow, even though 

building decarbonization can greatly support national and subnational low carbon 

development goals. Technically the solutions, though not perfect, already exist. The costs 

of renewable energy generation are falling rapidly, making them increasingly competitive 

with conventional grid electricity while creating jobs and reducing pollution. The principal 

barriers faced are political, financial, and normative. 

4.2 The case for ZCB’s 

With a higher percentage of the world’s population now living in urban areas than ever 

before, cities will lead much of the effort to shift to a low-carbon economy. Cities will 

largely determine the future of their countries, and actors in both the public and private 

sector will need to collaborate to overcome policy and market barriers and make ZCBs a 

feasible and desirable goal. To help foster and accelerate policy ambition on ZCBs among 

urban decision-makers whose policies and leadership are impacting the development and 

prosperity of cities, this paper lays out a menu of pathways to effectively decarbonize the 

urban building stock. Each ZCB pathway consists of a combination of basic or advanced 

energy efficiency, on-site and/or off-site carbon-free renewable energy, and—only in 

cases where renewables cannot fully provide for 100 percent of remaining energy 

demand—the use of carbon offsets to reduce or compensate for all of a building’s 

operational carbon emissions. Stakeholders who wish to expand their definition of net 

zero carbon to include the embodied carbon emissions associated mainly with a building’s 

construction can add this component to their set of ZCB pathways. 
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4.3 Getting To Zero Carbon: A Structured Approach 

4.3.1 Framing ZCBs 

Recent years have seen rapidly growing interest in ZCBs. This has resulted in at least 2,500 

verified net zero energy buildings around the world today, ranging from single and 

multifamily housing to schools and commercial office buildings. Zero carbon buildings can 

be thought of in terms of measures taken within a building or group of buildings, 

measures taken outside the building(s), and measures appropriate to specific 

characteristics of the building(s). There are generally trade-offs to be made between the 

costs, desirability, and practicality of all these measures. For a ZCB, energy efficiency is 

generally considered a first priority before meeting the building’s (remaining) energy 

needs with carbon-free renewable. In practice, however, the cost and effort of ensuring 

deep energy savings against business as usual, in particular for existing building stock, 

may not always weigh up against spending these same resources on other 

decarbonization efforts, such as greening the electricity grid or promoting on-site 

renewable power generation. And, depending on the building type and local conditions, 

renewable energy can sometimes be more (cost-) effectively developed at the system 

level, such as at the scale of districts, cities, or entire regions, rather than at the level of 

individual buildings. An example is a high-rise building with small floor plates in a high- 

density city. Trade-offs may also exist between building vintages— such as whether to 

focus more on new buildings by implementing and enforcing strong codes and standards 

or on existing building stock through retrofits—and between segments of the market, 

such as commercial, residential, or municipal buildings (e.g., schools, hospitals, etc.). The 

optimal combination of measures to arrive at ZCBs, as well as the optimum scale 

(individual buildings versus a district, municipal, or portfolio approach), is likely to differ 

by region and is equally dependent on market conditions and the policy framework in 

place. Identifying the best approach will be a critical first step for urban decision-makers 

aiming to develop a ZCB policy road map. 

4.3.2 Key Components of ZCBs 

Buildings are major end users of energy, mainly for space heating and cooling, lighting, 

and running equipment. The most common energy source is usually electricity, and 

electricity generated from fossil fuel sources releases carbon dioxide emissions to the 

atmosphere. In many buildings, natural gas also plays an important role for energy 

provision, and in some countries unreliable grids have resulted in considerable use of 

diesel-powered backup generators. The carbon emissions associated with a building’s 

energy use are called  operational carbon emissions because they are caused by the 
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building’s operation. On average, embodied carbon emissions represent about one- 

quarter of a building’s total life cycle emissions. The global average is based on a relatively 

inefficient building stock supplied by electricity from a heavily fossil fuel– based grid. 

Despite the importance of embodied carbon, current ZCB approaches most commonly 

target operational carbon emissions. Three main components, related to energy demand 

and energy supply (Table 5), can reduce a building’s (or a group of buildings’) operational 

emissions to zero: 

 Energy efficiency (EE): A building’s energy consumption may be reduced in 

many ways, starting with passive design measures. What we call basic EE 

involves pursuing the minimum required level of energy efficiency by ensuring 

that the building complies with local codes and standards. 

 Renewable energy (RE): Further reductions in building emissions can be 

achieved by using carbon-free renewable energy sources. The options include 

on-site RE generation, off-site RE purchase, or off-site RE generation. The cost 

of renewable energy technologies for generation and storage have fallen 

considerably in recent years, and renewable are increasingly able to compete 

economically with conventional grid energy, making renewable energy a more 

attractive option. 

 Carbon offsets: Sometimes a combination of energy efficiency and generating 

or purchasing renewable energy does not eliminate 100 percent of a building’s 

operational carbon emissions. This leads to a nearly (net) zero carbon building. 

For existing buildings using fossil fuels such as gas for cooking or hot water 

heating, it may not always be feasible to fully eliminate carbon emissions. In 

such a case, carbon offsets may be used to compensate for the balance of 

emissions. 
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ZCB Components Examples of Measures Preferred Hierarchy 

 

EE+ 

Basic EE: minimum 

energy efficiency (EE) 

in line with local 

codes & standards 

 
▪ Building EE codes/standards 

▪ Appliance MEPS 

 

(Baseline) 

Advanced EE: 

exemplary EE 

performance 

▪ Incentives that encourage 

beyond-code/standard 

performance 

Energy efficiency first 

 
 

 
RE+/or 

+ On-site renewable 

energy (RE) 

▪ On-site RE generation 

through solar panels or solar 

hot water systems 

On-site RE 

generation first 

+Off-site RE 

(purchase) 

▪ Green retail tariffs 

▪ Power purchase agreement 

(PPA) 

▪ Renewable energy credit 

(REC) 

 

Remainder that 

cannot be provided 

by EE or on-site RE 

+Off-site RE 

(generation) 

▪ Direct ownership of off-site 

RE assets 

 

CO2 

 
 

 
+ Carbon offsets 

 

▪ Carbon credits purchased 

through investment in EE or RE 

reduction projects elsewhere 

Only if on- or off-site 

RE are not viable 

options or if 

embodied carbon is 

included in ZCB scope 

Table 5: Emissions-Reduction Components of Zero Carbon Buildings (ZCBs) (Source: World Resource 

Institute) 

a) MEPS refers to “minimum energy performance standards” for appliances. 

b) PPAs represent a contract signed directly between a buyer and a nonutility RE provider to let the buyer purchase RE from a project at 

a long-term fixed price. 

c) RECs show proof that renewable energy has been generated. The energy is fed into the grid, and the carbon emission reduction 

benefits are traded through a certificate. See Appendix D for more information. 

Source: WRI. 
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4.3.3 Principles to guide choice of components 

Not every combination of measures is considered equally desirable. Financial costs and 

broader social and environmental factors dictate a hierarchy of preference among 

different components. For example, the avoidance of energy use in the first place 

(efficiency) is preferable to constant energy use supplied even from clean renewable 

resources. Some technologies will be more cost-effective than others for large-scale 

building decarbonization and/or will provide greater carbon reduction and other 

environmental or social benefits. However, the choice of specific ZCB pathways will be 

based on the judgment of building developers, owners, and managers and will depend 

heavily on local circumstances. As an example, in jurisdictions with high energy subsidies, 

the cost of renewable energy may out compete the savings achievable from additional 

energy efficiency measures. The following core principles can help decision-makers 

identify the most or more preferable approaches to achieving ZCBs, and they align with 

accepted thinking in the building community. 

 Efficiency first: The aim is always to use no more energy than necessary. Energy- 

efficient building design and energy-efficient building equipment and appliances 

should be implemented before meeting remaining energy demand with renewable 

sources of energy. 

 On-site energy generation first. Having achieved energy savings through efficiency 

measures, the aim is to use carbon-free renewable energy. On-site generation is 

preferable to off-site options because onsite generation increases the total 

installed capacity of clean renewable energy within a city or district. In addition, 

on-site generations help enhance the building’s energy security and energy 

resilience in case of disruptions to the grid. 

 Renewable energy generation/purchase before carbon offsets: Any ZCB approach 

should first exploit the options for on- and/or off-site renewable energy provision. 

This encourages building owners/ managers to first tap into opportunities where 

they can exert a greater degree of direct influence and that reduce emissions close 

to the source. If neither on-site nor off-site generation nor purchase are viable 

options—due to technical, financial, and/or legislative barriers—then carbon offset 

options can be explored next. They should be used only to compensate for the 

carbon generated by remaining consumption of non-carbon-free energy. 

 Embodied carbon reduction before carbon offsets to achieve life cycle carbon 

neutrality. The entire life cycle of a building involves construction, maintenance 
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and repair, renovation and retrofit, and eventually demolition, and all stages 

Produce carbon emissions from materials, machinery, and fuel. These emissions 

are known as embodied carbon. 

 

Applying these four principles allows us to compile a decision tree (Figure 13), laying 

out the ZCB components in a recommended order of consideration. Together, they 

help users create a road map for different segments of a city’s building stock by 

“navigating” the decision tree and determining suitable combinations of ZCB 

components. These combinations constitute the pathways toward ZCBs. 
 
 
 

Figure 13: Decision Tree to Help Identify Suitable ZCB Policy Pathways, Combining Energy Efficiency (EE), 

Renewable Energy (RE), and/or Carbon Offsets as a Last Resort (Source: WRI) 
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4.4 ZCBs Pathways 

Energy efficiency, a non-carbon renewable energy supply, and carbon offsets—can be 

assembled in different combinations to form ZCB pathways. In total, we identify eight ZCB 

pathways that can be pursued to fully reduce a building’s operational carbon emissions. 

The preferred hierarchy of components is that energy efficiency and renewable energy 

should be implemented before carbon offsets, which should only be used when other 

options are fully utilized, impractical, or unavailable. Thus, pathway 1 is preferable to 

pathway 2 and so on. However, each of the ZCB pathways leads to the equivalent of 100 

percent carbon reduction, meaning that all operational carbon emissions have been 

reduced or compensated for in a building. Any pathway that is feasible within a given 

jurisdiction could be pursued. Table 6 presents the menu of eight ZCB pathways. The first 

four involve “exemplary energy performance,” meaning energy efficiency measures that 

go beyond what is required by local codes and standards. The second four involve only 

“minimum energy efficiency,” meaning energy efficiency measures that meet required 

standards but no more. 
 

COMPONENT 

PATHWAY BASIC EE 
ADVANCED 

EE 

ON-SITE 

RE 

OFF-SITE 

RE 

CARBON 

OFF-SETS 

 
 
 
 
 

Exemplary 

energy 

performance 

 

1 
  

  

(If needed) 

 

2 
   

 

(If needed) 

 

3 
 

 



 

(If needed) 

 

4 
 

  



 
 

 
Minimum 

 

5 


 



  

(If needed) 

     (If needed) 
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energy 

performance 

6      

 

7 


  



 

(If needed) 

 

8 


    

(If needed) 

Table 6: Zero Carbon Building Certification Schemes in Four Countries, as of 2017 (Source: WRI) 

 

 

4.4.1 Technologies to support the ZCBs Pathways 

Many technologies necessary to support ZCB pathways are already available in the global 

market and increasingly in most local markets. These technologies cater to different 

climates, budgets, and existing levels of expertise (Figure 22). Energy efficiency options 

range from the use of passive measures—such as smart use of natural daylight, natural 

ventilation, insulation, and evaporative cooling—to active measures like installation of 

high-efficiency heating, ventilation, and air-conditioning (HVAC) systems, LED lighting, and 

efficient appliances. Common renewable energy technologies include on-site PV panels 

and solar water heaters and off-site renewable energy systems such as solar power 

plants, wind turbines, and hydropower plants. 
 

Figure 14: Widely Available Energy Efficiency (EE) and Renewable Energy (RE) Technologies That Support 

(Source: WRI) 
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4.4.2 ZCB PATHWAYS AND THE ROLE OF GOVERNMENTS 

 

4.4.2.1 The role of the City Governments in enabling the ZCB Pathways 

Local governments generally hold the authority to adopt and/or implement a range of 

policies influencing building efficiency. However, their approach is heavily influenced by 

guidance or requirements from provincial, state, or national governments. Building 

energy efficiency codes and standards, for instance, are usually designed and issued at the 

national level. Policies that affect the availability and attractiveness of off-site RE options, 

in particular, are often designed and implemented at higher levels of government. The 

regulation of energy utilities is also usually handled by national or regional government, 

although some larger cities and city states have the capacity to act in this area. In some 

urban areas, governments take little role in shaping building efficiency and renewable 

energy development, leaving action primarily to the private sector. 

4.4.2.2 City Level Policy Making and Implementation 

Depending on a country’s urban and wider governance system, each government level 

has a different capacity to take on specific roles in the development, implementation, and 

enforcement of policy. In spite of these differences, local governments typically play the 

following roles (Becqué et al. 2016): Regulator: Local government is responsible for the 

design, implementation, and/or enforcement of regulations related to a policy or 

program. Often these take the shape of mandates or incentives. Convener and facilitator: 

Local government can help enable voluntary private action by convening actors, launching 

or facilitating public-private partnerships, or creating programs that address barriers to 

action. Owner/investor: Local governments are often owners of and/or investors in a 

city’s public buildings, such as public offices, schools, museums, and hospitals. City 

governments can lead by example, thereby helping to prove the case for ZCBs and create 

market demand. Complementary or strategic partner: Local governments may undertake 

complementary or strategic actions that contribute to the introduction, uptake, or success 

of a policy or program led by higher levels of government, such as state or national 

government. Table 7 summarizes the most common roles played by local governments in 

developing or implementing policies or programs that support the components of ZCB 

pathways. 
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ZCB 

PATHWAY 

COMPONENT 

S 

CITY GOVERNMENT ROLE 

 

REGULATOR 

 
CONVENOR/FACILITA 

TOR 

 
OWNER/INVEST 

OR 

 

PARTNER 

 
 
 
 

EE 
 

 
+ 

Basic 
energy 
efficienc 
y (EE) 

▪ (Adapt), 
incorporate, and 
enforce code 

▪ Enforce 
mandatory 
energy 
performance 
standards 

▪ Engage/educate 
building stakeholders 

▪ Train/inform market 

▪ Ensure code 
compliance for 
public buildings 

▪ Inform 
central 
governme 
nt code 
design 

Advance 

d EE 

▪ Set local EE 
targets 

▪ Design/implem 
ent EE 
incentives 

▪ Design/implem 
ent EE challenge 
programs 
▪Design/implem 
ent EE audits 
and 
benchmarking 

▪ Set local EE targets 
▪Design/implement EE 
incentives 
▪Design/implement EE 
challenge programs 
▪Design/implement EE 
audits and 
benchmarking 

▪ Lead by 
example for 
public buildings 
▪Mandate green 
certification of 
public buildings 

▪ Facilitate EE 
performance 
information 

▪ Facilitate EE 
finance 
solutions 

▪ Work 
with 
utilities to 
implement 
EE 
programs 

 
 
 
 

RE 
 

 
+ 

+ On-site 
renewab 
le energy 
(RE) 

▪ Set local RE 
targets 
▪Design/implem 
ent rooftop RE 
incentives 
▪Design/implem 
ent rooftop RE 
support 
programs 

▪ Support central 
government RE 
targets 
▪Engage/educate 
building stakeholders 
▪Inform/train market 

▪ Lead by 
example for 
public buildings 
▪Facilitate 
rooftop RE 
finance 
solutions 

▪ Inform 
central 
governme 
nt 
photovolt 
aic policy 
design 
▪Work 
with 
utilities to 
implement 
rooftop RE 
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     programs 

+ Off- 

site RE 

 ▪ Support aggregating 
private sector demand 
for off-site RE 
purchase 

▪ Lead by 
example by 
aggregating RE 
demand from 
public buildings 

▪ Work 
with 
utilities to 
reduce 
nonutility 
RE 
purchase 
resistance 

CO 

2 

+ Carbon 

offsets 

 ▪ Educate 
stakeholders on 
voluntary market to 
create demand and 
awareness 

▪ Lead by 
example by 
offsetting public 
sector’s carbon 
footprint 

 

Table 7: "Capacity to Act” and the Different Roles Played by Local Governments (Source: WRI) 

 

 

4.5 Every house - Eco house 

All living beings such as animals, birds and humans need a place to live and that place is 

called ‘House’. House is defined as a building or a structure used for habitation. It protects 

us from rain, sunlight, storms and other natural disasters. That is why we need a house. 

House is also a synonymous word for ‘Shelter’ and it is known that a man’s basic needs 

include food, clothing and shelter. When house is so much important for us then how 

about making our house sustainable and environment friendly? What if our house 

contributed to the conservation of the environment? To make this happen, one just needs 

to convert his/her house into an “Eco-house”. 

4.5.1 Eco-House 

An Eco-house is a building or structure that in its design, construction or operation 

reduces or eliminates negative impacts on climate and environment and creates positive 

impact on climate and ultimately contributes to environmental conservation. Eco-house 

can also be called as ‘Eco friendly House’, which means a house which does not cause any 

harm to the environment and is environment friendly. 
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The problem of climate change is an alarming situation. Extreme heat, heavy downpour, 

and sea-level rise is a growing challenge. While insect outbreaks, declining water supply, 

reduced agriculture yields, health impact in cities, and pandemic situations all are related 

to climate change. The situation can be changed if every individual decides to adopt eco- 

friendly and sustainable ways of living. It is the need of the hour that individuals commit 

to conservation and the best way to contribute is by making their own house an 'Eco- 

House'. 

Any new or existing house or a flat in a building can be an Ecohouse. To convert our 

house into Ecohouse few simple methods can be implemented, which are demonstrated 

later in this Sub-Module. 

4.5.2 Parameters to make Eco-house 

To make any house Eco-house 5 main parameters must be considered. These parameters 

are- Household Water and wastewater Management, Solid Waste Management, 

Plantation and Conservation of Trees and Energy Conservation. 

4.5.2.1 Household Water and Wastewater Management 

Managing and Conserving water is important because it keeps water pure and clean while 
protecting the environment. Conserving water means using our water supply wisely and 
being responsible. As every individual depends on water for livelihood, we must learn 
how to keep our limited supply of water pure and away from pollution. To manage water 
and wastewater at home, five methods can be applied. These methods are as follows: 

 
1. Installation of Rainwater Harvesting System 

The rainwater that falls on your roof is free and if not conserved, goes into drain. 

This rain water can be conserved by installing a rainwater harvesting system at 

home. A rainwater harvesting system comprises components of various stages - 

transporting rainwater through pipes or drains, filtration, and storage in tanks for 

reuse or recharge. A typical rainwater harvesting system includes following 

components like catchment area, coarse mesh, channels, conduits, filters, sump 

and a storage facility. The advantages of rainwater harvesting are: 

 It is cost effective 

 It conserves water 

 It is a source of water for gardening, landscape and irrigation 

 It is a great backup water supply for emergency times. There are contractors 

available who help in installation of rainwater harvesting systems. 
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2. Installation of Water Aerators for taps 
Another simplest method of water conservation at home is by installing water 

aerators for taps. By using a water aerator one can save 60% of water from being 

wasted. 

3. RO/AC reject water conservation 

Every day 60 - 90 litres of water is rejected from RO/AC, which if conserved 

properly can be utilized for- 

 Watering plants 

 Washing cars 

 Mopping floor 

 Washing utensils 

 Cleaning & Flushing toilets 

 Pre-rinsing clothes 

4. Domestic Sewage Water Recycling 
Waste water from baths, showers, washing machines, dishwashers and sinks is 

often referred to as Grey Water. Waste from toilets is known as Black Water. 

Typically, about a third of household water is used for flushing the WC. Greywater, 

the wastewater from baths, showers and washbasins, can be collected in a 

household-scale reuse system and treated to a standard suitable for WC flushing. 

Greywater from baths, showers and hand basins is usually clean enough for 

flushing the toilet with only basic disinfectant or microbiological treatment. 

Problems can arise, however, when the warm, nutrient-rich greywater is stored, 

since it quickly deteriorates as bacteria multiply. Systems address this problem by 

filtration and treatment of the stored greywater. Other components of a system 

include a pump to get the greywater to the WC (usually via a header tank) and a 

method of providing mains-water backup for when supply does not meet demand. 

There must also be a means of protecting the mains water against contamination 

by backflow. Untreated greywater can be used for garden watering if used 

immediately after it is produced. The waste water from kitchen sinks and 

dishwashers is not usually collected as it is too heavily contaminated. Soil is very 

effective at filtering out many contaminants in grey water. However water 

containing soap or detergents does have the potential to cause soil, especially clay 

based soils, to lose their structure. Water that has been used with bleach or boron 
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compounds most often found in dishwasher detergents should not be used. Grey 

water should not be used for watering edible crops. 

4.5.2.2 Solid Waste Management 

Any item or material or product which is of no use to us is called waste and it is thrown 

into the dustbin. Different types of wastes are generated from our house which includes 

old newspapers, plastic wrappers, cardboard boxes, metal cans, glass pieces and organic 

waste like fruits - vegetable peels, garden trimmings, left over foods, etc. If this waste 

goes out of our house in an unmanaged way then it creates not only sanitation problems 

but also causes land, air and water pollution. To avoid this, it is needed to manage waste 

at its generation source only. To manage waste in our house, following methods are given 

below: 

1. Waste Segregation 
Every generator should segregate their household waste into three types: 
Biodegradable waste (Wet Waste), non-biodegradable waste (Dry Waste) and 
domestic hazardous waste. Biodegradable waste contributes approximately 40 to 
50 % of total household waste generated. It includes fruits and vegetable peels, 
leftover food stuffs, grass clippings, dried leaves and other organic wastes. While 
non-biodegradable waste includes paper, cardboard, plastics, metals, glass pieces, 
textile waste, etc. and domestic hazardous waste includes sanitary napkins, 
diapers, waste from house cleaning products, etc. 

2. Composting 
Composting is a biological treatment of organic waste such as food waste and 

garden waste. The end product of composting is an organic fertilizer which can be 

used in gardening. Depending on the area available, composting can be of different 

types but most common types are pot composting, box composting and vermin 

composting. 

Process of Pot Composting- 

 Select a container - it can be anything, from a bucket to a normal dustbin or 

a garden pot. 

 Drill around 4-5 holes around the container at different levels so as to let 

some air in easily. 

 To avoid any spills place a newspaper or tray underneath your container. 

 Layer the bottom of the container with soil. 

To maintain the dry waste and wet waste balance, add food waste and wet waste at 

alternate levels in the bin. 
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 For example if you add one cup of food wastes like vegetables or fruits, add 

one cup of dry wastes like dry leaves, sawdust, newspaper scrap too. Do not 

forget to add soil once every week. To fasten the process, you can add semi 

composted soil to your compost. 

 Increase the components of newspapers or add extra holes when your 

compost smells due to imbalance of waste in the bin. 

 Sprinkle some water if the compost turns too dry. 

 After every few days, use a rake to give the pile of waste a quick turn. 

 This will provide enough aeration for the waste to decompose successfully. 

 Start using your compost once it gets ready within a period of 30 to 45 days 

in garden areas or potted plants once the dry, dark brown waste-turned- 

compost is ready. 

 
3. Selling the Recyclables 

Out of the total waste generated from houses, approximately 15 to 20 % of waste 

is recyclable, which can be sold to scrap dealers. Recyclable wastes are- 

newspapers, cardboard boxes, metals, tins, glass items and plastic cans. 

4. Ecobricks 
Single use plastics or Polythenes is a type of waste which creates maximum 

pollution. If this waste goes directly into dumpyards without proper treatment can 

lead to major environmental issues. To avoid this one can make Ecobricks at their 

house. An ecobrick is a waste Plastic (PET) bottle packed with clean and dry used or 

waste plastics like polythene bags, packaging plastics, and small pieces of plastics. 

The objective of making an ecobrick is to segregate polythene and single use plastic 

at source and compress it in a bottle. These Ecobricks can be further used for 

various applications like making furniture, tree guards, landscaping etc. 

4.5.2.3 Plantation and Conservation of Trees 

Trees have a very important place in the life of a human being. Research says that there 

should be 422 trees per person while in the current situation there are only 28 trees per 

person. It should be mandatory that every house must have trees planted in and around 

the house. There is a variety of trees which can be planted. It is suggested that every 

house should contain at least 5 plants. These plants can be any oxygen releasing plants or 

medicinal plants or even ornamental plants. Given below is the list of outdoor and indoor 

plants which can be grown in and around the house. 
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Outdoor Plants Indoor Plants 

Ocimumtenuiflorum / holy basil Snake Plant 

Aloe vera Peace lilies 

Centellaasiatica Aloe Plants 

Bacopamonnieri Asparagus Fern 

Padinagymnospora Jade Plants 

Vetiver grass Money Plant 

Gymnemasylvestre Areca Palm 

Murrayakoenigii Christmas Tree 

Jasminumsambac Table Palm 

Caricapopaya, Melon Tree Gardenia 

Catharanthus Croton 

Citrus aurantiifolia, Lime Bromelied 

Plumbagoserpentina Spider Plant 

Tageteserecta, marigold Alocasia plant 

Table 8: Types of Plants that can be plant (Source: Dr. Anil Mehta, JSS) 

 
 

Given below is the list of plants which can be grown in the kitchen garden- 
 

Spinaciaoleracea, Spinach Trigonellafoenum-graecum, Fenugreek 

Coriandrumstivum, Coriander Solanummelongena, Brinjal 
Solanumlycoperiscum, Tomato Allium cepa, Onion 

Amaranthusviridis, slender amaranth Luffaacutangula, Ridge Gourd 

Capsicum annuum, Chilli Momordicacharantia, Bitter melon 

Amaranthuscruentus Amaranthusspinosus 

Allium cepa, Onion Amaranthusviridis, slender amaranth 
Table 9: Kitchen Garden Plants (Source: Dr. Anil Mehta, JSS) 

 

4.5.3 Energy Conservation- 

There are many different ways to reduce your household’s energy use, ranging from 
simple behavioural adjustments to extensive home improvements. The two major 
motives for conserving energy are to save on utility bills and protect the environment. 

https://www.energysage.com/energy-efficiency/why-conserve-energy/lower-electric-bill/
https://www.energysage.com/energy-efficiency/why-conserve-energy/environmental-impact-of-ee/
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Below given are energy conservation techniques that can help to reduce overall carbon 
footprint and save money in long run- 

 Install CFL lights 

 Use maximum daylight 
 Get Energy audit done 
 Use energy efficient appliances 
 Drive less, walk more and carpooling 
 Switch off appliances when not in use 

 

While other energy conservation techniques include use of alternate energy like solar 
energy. Solar energy is a sustainable source of energy, especially in tropical regions. It is 
available in huge amounts. It is true that there are a few limitations to harvesting solar 
energy such as the expense of the solar panels and the cost of installing them. 
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Sub-Module 5: River Centric Urban Planning 

5.1 Urban Rivers 

Through the ages, rivers have been the center for human existence. A vast number of 

earliest and most prominent ancient cities evolved as river cultures. These have been the 

most common centers for human growth owing to easy availability of water source for 

drinking and other purposes, food resource, transportation and other basic necessities for 

human existence. For instance, through the history many civilizations settled along the 

Euphrates- the Tigris Rivers in Mesopotamia, the Nile in Egypt, the Ganga in India, the 

Indus in Pakistan, and the Huang-Ho in China. And the practice continues till date. Some 

of the current examples of urban rivers include the Thames in London, the Seine in Paris, 

the Tiber in Rome, the Vlvata in Prague, the Danube in Budapest, the Hudson in New York, 

the Yarra in Melbourne, among many others. 

 

This inter-relationship between rivers and cities forms a multi-disciplinary perspective in 

the development sector. The rivers have been guiding the growth of cities along their 

banks. At the same time, the development within a city reshapes its rivers, their urban 

landscapes and alters the river ecology. Moreover, the cities are heavily dependent on 

their rivers for various infrastructural and developmental needs. In this process the 

cities have clearly harnessed, modified, and engineered their rivers, altering ecologies 

and creating new landscapes, while moving towards urbanization. Moreover, even 

though the basic need of river systems for the human settlements have been 

established worldwide, the critical challenge lies in the consistent failure of economies 

and societies to value rivers for their full spectrum of benefits. The rivers have primarily 

been regarded as sources of water and pollution sinks. They have been developed and 

managed for centuries, harnessed for navigation, energy and water supply. However, 

they provide a far broader set of benefits for people and economies. These benefits 

include, but exceed, the value of the water flowing down them. For example: 

 

 River floodplains can reduce the risk of flooding within cities – an increasing 

concern in the face of climate change 

 Rivers support the majority of freshwater fisheries. This low cost protein from 

freshwater fish supports vulnerable rural communities, enhances food security 

and boosts regional economies. 
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 Rivers deliver the sediment that maintains deltas, some of the most important 

agricultural regions in the world and home to a large number of people 

 

It has been observed globally that the water resources are not managed in a way that 

harnesses as well as protects their complete ecosystem values. A wide range of river 

benefits still remain unknown, poorly measured or undervalued. These hidden values 

are usually not measured or prioritized until any crisis situation arises. This pattern of 

neglect has witnessed long term consequences. For example, the poor management of 

water supplies continues to threaten the vitality and viability of communities, cities and 

countries today. As a result, the river development projects are often undertaken 

without long-range, strategic planning or any assessment of trade-offs. Compounding 

the inevitable outcomes arising from such a lack of comprehensive planning, the river 

ecosystems and the natural resources are challenged by dramatic declines. 

 

Furthermore, partly due to river management majorly focused on narrow or short-term 

objectives, the infrastructure services related to the river system are taken care of, but 

the ecosystem services at large are heavily ignored. In light of the above, the essence 

lies in understanding the behavior of rivers vis-à-vis its urban connect. Doing so will 

require a paradigm shift in the framework for assigning values and managing the river 

systems in general. To catalyze these desired changes in the value systems, a re-framing 

of the policy and management structure is also desired. This Sub-Module titled ‘An 

Introduction to Urban Rivers’ tries to view the river as a component of the urban 

setting, identifying the factors of association of the river and the city environment. The 

base has been set by introducing the benefits and challenges of rivers within city 

extents. The current scenario of river health in Indian cities, informs the need for river 

restoration within the urban context. The concept of river management is also 

introduced by elaborating upon the key terms referred under the concept. 

 

5.2 Role of Urban Rivers 
 

Urban rivers have always been recognized for their role in serving as water resources, 

protection of nature, fisheries, and provision of recreational areas with considerable 

contributions to landscape. In addition to these roles, rivers also have certain other 

definite environmental, social, cultural and economic values. Urban rivers serve as a 

complex balance of social-economic-ecological systems, serving the cultural and 

religious beliefs, the recreational needs, the livelihood dependencies as well as the 
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Figure 15: Role of Urban Rivers (Source: NIUA, 2017) 

 

ecological services of the riverine ecosystem. In particular, rivers and their associated 

ecosystems provide a broad range of services, including clean surface and ground water, 

habitat for riparian flora and fauna, fisheries, and the regulation of flood flows. Other 

riverine ecosystem services include carbon and nutrient sequestration, fiber production, 

and biodiversity protection. 
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The recreational function served by the rivers are also gaining importance, owing to the 

lack of sufficient open spaces within the cities today. The World Health Organization 

recommended the availability of a minimum of 9 sqm of green space per individual with 

an ideal UGS value of 50 sqm per capita. However, many Indian cities fall far behind. 

Urban rivers provide the essential open spaces which serve as lung spaces for city 

residents. When developed appropriately, they also serve as urban recreational spots 

providing an opportunity for citizens to connect to these natural landscapes. It is 

important to understand here that each river city has a unique relationship as well as 

historical significance and functional requirement with its river. These rivers in various 

cases have also been providing the resources and services necessary for development of 

cities. The figure below explains the various functions served by healthy urban river 

ecosystems. 

 

5.3 Urbanization Challenges on River Management 

It is well known that with the rapid urbanization there lies a parallel rising 

environmental issues. In that the most common are the challenges related to waters 

sources be it the issues related to urban use or the health of the natural ecosystems. 

These negative impacts of rapid urbanization in cities on its rivers are multifaceted, 

going far beyond the usually publicized concern of water pollution, extending to 

biological and structural changes in the natural state of the water channels. As the 

urban centers have expanded in number and size, the negative impacts on river 

ecosystems have become more severe and widespread. With the rapid expansion of 

towns and cities population, the physical characteristics of the urban space have been 

completely altered. The natural river channels have been altered by straightening and 

creation of embankments for flood protection and to maximize the use of land for 

housing, industry and agricultural use. 

 

These rivers within cities are highly stressed as a result of their interaction with the 

influencing factors within the city extent. The stresses make these rivers less resilient to 

the effects of climate change. The changes have often lead to loss of ecological value of 

these rivers, created problems of flood management, changes in the natural drainage 

pattern, waste water management issues, loss of natural bio-diversity as well as loss of 

quality open spaces. 
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industry. Over abstraction can lead to problems such as drying-out of water 

1. Poor Drainage – rain now falls onto hard surfaces such as roofs, paving and 

roads and drains quickly into the river system increasing storm flows and 

runoff increasing the potential for flooding. This can also quickly enter 

sewerage systems risking overload and flooding. 

2. Development within the floodplain – housing, industry, infrastructure and 

agriculture can lead to greater flood risk, loss of habitats and biodiversity. 

3. River profile – raising river banks, culverting and straightening were used to 

try and reduce flooding and drain land. They might have solved a local 

problem but they often put pressure on the water course and downstream 

land. 

4. Water supplies – abstracting water from rivers, canals, reservoirs, lakes or 

underground aquifers to provide public water supply for agriculture and 

The typical problems faced by urban rivers are related to untreated domestic, industrial 

and agricultural discharges flowing directly into the streams, development 

 

within the natural catchment basin, change of the natural river profile as a result of 

anthropogenic activities, extraction of river water to meet the city demands which 

further alters the natural flow, and pollution from other anthropogenic sources. These 

are well elaborated in the diagram below, from a 2013 publication, Rivers by Design. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 16: Typical problems faced by rivers within the city boundaries (Source: Rivers by Design, Rethinking 

development and river restoration, Restoring Europe’s Rivers, 2013) 
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In order to meet the increasing water challenges, the urban planning framework needs 

to be relooked with an intent to manage the urban water systems. The core areas of 

concern for river health in an urban setup include the following key challenges. 

 

5.4 Planning for River Management 

 

Figure 17: Key Challenges to Urban Rivers (Source: National Institute of Urban Affairs, 2018) 

 

 

River Management within cities has to be addressed by two broad categories of actions. 

Following a top-down approach, it has to be integrated with the already existing planning 

and development framework of the cities, in the form of urban planning related 

interventions. Also, specific priority interventions and projects can be identified by the 

city officials to improve the state of the rivers flowing through these cities, in the form of 

project based interventions, from a bottom-up approach. Both the approaches have to 

function hand-in-hand, leveraging opportunities on each other. These two categories are 

as follows: 

A. Urban planning-related using various planning instruments. It is expected that 

these actions/recommendations would be adopted in the town’s 

Development/Master Plan or any other long-term plan for the city. 

B. Project-based interventions for river management. It is expected that towns will 

initiate the relevant projects that are required to enhance the river outlook in the 

town. 
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Figure 18: Categories of Urban River Management Actions (Source: NIUA, 

2018) 

 

The first category explained above, is related to mainstreaming sustainable river health 

management into a city’s larger long-term vision. To address this, river management has 

to be imbibed within the current city plans and the national level policies. The present 

planning framework has a number of plans at varying scales and with specific needs, like 

the ‘Regional Plan’, ‘Master Plan’, ‘City Sanitation Plan’, ‘City Development Plan’, ‘River 

Basin Management Plan’, ‘Sanitation Safety Plan’ (by World Health Organization), ‘City 

Disaster Management Plan’ for Municipal Corporations and ‘District Disaster 

Management Plan’ for smaller towns, among many others, which need to follow a river- 

sensitive approach. The second is associated with developing a dedicated river-specific 

management plan for a city. 

5.5 Comprehensive Planning for Urban Rivers 

The need for planning and restoration of rivers emerges when a river ecosystem has been 

degraded to an extent that the river can no longer provide the ecosystem services 

required out of it. In such cases, river restoration/ management policies, strategies and 

plans need to be developed with a clear understanding of the freshwater ecosystem as 

well as the dependent system (that draws its services from the river). Addressing the 

present issues of Indian rivers requires a more strategic planning approach with 

restoration activities. The restoration process can require interventions and coordination 

at numerous spatial, functional and administrative scales, for instance the Integrated 

Water Resource Management (IWRM), Integrated River Basin Management/ watershed 

planning, river-sensitive urban planning, special purpose plans for disaster/ flood 

management/ river drought, and projects for river management like riverfront projects/ 

ghat development projects, etc. In India however, river management is usually dealt at 
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the following two scales, the river basin comprising of the entire catchment, or the river 

channel along with its immediate surroundings. 

5.6 Planning for River Basins 

A river is more appropriately characterized by its entire catchment area, rather than any 

administrative boundaries. Various River Basin Management Plans are already being 

prepared in India as well, to outline a broad strategy for revitalizing the entire catchment 

basin of the rivers and their tributaries, as advocated by the national missions and 

priorities. Like the Indian National Water Policy (2012) prescribes that “Integrated Water 

Resources Management (IWRM) taking river basin/sub-basin as a unit, should be the main 

principle for planning, development and management of water resources”. Similarly, one 

of the goals of the National Water Mission (2008) is “promotion of basin level integrated 

water resources management”, which is also achieved through river basin management 

plans. Some such plans like the Ganga River Basin Management Plan, prepared under the 

National Mission for Clean Ganga, intend to take comprehensive measures for restoration 

of the wholesomeness of the entire basin ecosystem with due regard to the competing 

water uses across different administrations within the river basin. 

5.7 Projects for River Planning 

River management projects, mostly in the form riverfront development, landscape/ 

recreation, installation of Sewage Treatment Plants (STPs), ghat development, etc. are 

most commonly adopted by the river cities. Some examples include the Dravyawati 

Riverfront project (Jaipur), Sabarmati Riverfront project (Ahmedabad), Yamuna 

Biodiversity park (Delhi), etc. Even under the NamamiGangeProgramme of the Ministry of 

Jal Shakti, Government of India, a variety of activities for revitalization of river Ganga have 

been taken up, including treatment of municipal sewage, treatment of industrial effluent, 

drain bio-remediation, river surface cleaning, rural sanitation, river front development, 

construction of ghats and crematoria, afforestation & biodiversity conservation, etc. 

However, the aim of these projects is usually limited to developing a beautiful, healthy 

and usable river bank for the city inhabitants. While these projects are essential for the 

development of a healthy river infrastructure, they alone are not self-sufficient for a 

holistic urban river management. 
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5.8 River Sensitive Urban Planning 

Between the above two levels of river management, there is a relatively unaddressed 

space. This is related to river-sensitive city planning, usually defined by the city’s 

administrative boundaries, which essentially treats the river as an asset and ensures that 

the developmental activities within the city are not detrimental to the river. Hence, the 

city planning needs to take cognizance of the river and its interaction with the city. It is 

also pertinent to mention here that any river flowing through a city cannot be looked in 

isolation, without its contextual setting and its linkages with the urban area. The city-river 

connect has a very strong relationship built across generations, and cannot be neglected 

while dealing with any form of city planning, infrastructure development or management 

related to the area. The dependency of the city and its inhabitants on the river ecosystem 

has to be accurately projected for coming up with an efficiently functioning infrastructure 

system. More importantly, the dependency also has to be mapped out, for bringing forth 

the best possible development interventions without altering the natural ecological 

character of the area. Thus, even while dealing with river-projects, the concept of river 

management has to be interwoven within the city planning stage itself. This is a relatively 

weaker link in the Indian context of urban river management. The figure below mentions 

these three interwoven scales of river- 
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Figure 19: Levels of Planning (Source: NIUA, 2018) 
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Box 2: Restoration of Ahad River, Udaipur 
 

Ecological restoration of Ahad River in Udaipur and the subsequent improvement of Udaisagar Lake have together become a 
landmark in the application of ILBM principles to successfully convert an aerobically dead river into a living lotic system. This was 
initiated in the ILBM meeting organized in August 2009 and then within 63 days the eco-technological Green Bridge system was 
developed after getting four of the pillars – policy, institutions, finance and public participation to support knowledge and 
technology pillars to revitalize a terminal lake. Udaisagar Lake by treating the wastewaters flowing through the Ahad River. The 
flow of the river (about 150 MLD) mainly consists of domestic and industrial wastewaters. JheelSanrakshan Samiti (JSS) of 
Udaipur took the responsibility of local co-ordination with support from Green Infrastructure (GRIN), Pune. The Udaipur 
Chamber of Commerce and Industries (UCCI) took up the project and with the Knowledge and technology volunteered for by 
Shrishti Eco-Research Institute (SERI), Pune, SERI is known for its pioneering work in eco technological pollution treatment 
spanning almost two decades. SERI was requested by the UCCI & JSS to guide the project. This ecological restoration work has 
strengthened the faith that appropriate network and timely actions with thorough knowledge of ecology can result in successful 
revitalization of lentic and lotic systems. 

 

Ecological Changes seen in the River after Green Bridge System Installation 

 
The first noticeable effect of the attempts of reviving self-purification capacity of the Ahad River was increased level of dissolved 
oxygen in the river which was confirmed by experts of Vedanta Group in laboratory analysis, field observations by the experts of 
the immunological institute in Udaipur and Powai Lake Field Research Station, Mumbai. 

Moina species was found to be abundantly growing which devoured on planktonic materials as the ecotoxicity was reduced 
substantially due to introduction of Green Bridges and mixed bacterial cultures. The algal development was also monitored. The 
result was encouraging as dissolved oxygen content of the water improved to 7 - 8 mg/L during day time from absolute nil in 
untreated stretch of the Ahad River. 

Local villagers first spotted the turtles and snakes in the river again; bird-watchers observed increased number of bird species in 
and around the river. They also noticed the absence of any stench in the ambient air, improvement in well-water quality and 
substantial reduction in foam in the river. Their observations were translated by the experts in the language of scientific 
evaluation of the changes. 

Physio-chemical changes in the river water quality due to Green Bridge - horizontal eco-filtration system were the reason for 
overall positive changes in the ecological health of Ahad River. 

After completion of ecological restoration project 

1. There are pertinent observations by local villagers and farmers of about complete elimination of odor problem and 
more than 90% reduction in foam in the river 

2. After completion of Green Bridge installation activity in second week of March 2010, within seven days, residents 
spotted freshwater turtles which had run away around 10 years ago due to pollution. Farmers along the river 
started using their well-water which lost stench as a result of revitalization of river. 

3. Villagers observed crocodile with its two siblings in the ecologically restored stretch of Ahad River 
 

Quality and quantity of fish crop increased tremendously which resulted in sufficient livelihood for the fisherman and villagers 

Planning commission, GOI, team visited the restoration site under the guidance of Dr. Kasturirangan along with the CPCB 
members in May 2010. As per the onsite analysis done by CPCB scientists the DO level of the river before Green Bridge system 
was zero and after the system it was 8 to 9 

On the basis of proven successful methods employed at Udaipur in improving self-purification of river (150 MLD) which got 
NUWA recognition from MoUD, GoI in 2011 
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Box 3: River Centric Guidelines for Urban River Management Plan 
 

Background: Sustainable urban planning and development has to take into consideration that river flowing through the 

urban centers requires prioritized attention to ensure that the rivers are clean, free of any untreated discharge of waste 

water and the flood plains are not only protected from the construction activities but also becomes the hub of 

recreational activities without compromising the overall natural atmosphere of not only river but of air, sound and 

wildlife. State Governments and UT Administrations while preparing or revising the Master Plans/ Development Plans 

need to guarantee that protection of river flood plains get utmost attention and the entire river zone is to be designated 

as a special zone. They need to forward these guidelines to all the city authorities to adhere to the same and accordingly 

take the action. State Governments/ UT Administration may also direct the concerned agencies to prepare the plans for 

River Zone clearly highlighting the short term and long-term actions as per these guidelines and also formulate zoning 

regulations for the preservation of this zone. 

River Regulation Zone: The floods in Uttarakhand (2013) and Kashmir as well as Pune (2014) were the trigger for the 

Ministry of Environment Forests and Climate Change (MoEFCC) to release a “River Regulation Zone” (RRZ) notification 

draft under the Environment Protection Act (EPA), 1986. The Key objective of River Regulation Zones is to prevent 

encroachments along the rivers and floodplains. The notification proposes to declare river stretches and floodplain zones 

as River Conservation Zones and to regulate or prohibit developmental activities in these zones. 

Under the proposal, the river stretches and their tributaries are classified into three categories namely floodplain rivers, 

seasonal rivers and mountain rivers/hill streams. Also, the river regulation zones have been divided into three depending 

upon the permission granted to carry out developmental activities: 

 Prohibited activities zones: up to 500 meters from the highest flood level in past 50 years 

 Restricted activities zone: Outer limit of prohibited zone to 1 kilometer. 

 Regulated activities zone: Outer limit of restricted zone to 3 kilometers 

 
Prohibited Activities Zone: This zone extends from the river bank to the outer edge of the floodplain and beyond. The 

limit will be extended up to 500 meters from the highest flood level in the past 50 years. These zones are the area which 

are subjected to frequent flooding and are most vulnerable to adverse impacts of human activities 

Restricted Activities Zones: Restricted activities zone include the floodplain areas which are less frequently affected by 

the floods and lie farther from the river. It will have limits extended from the outer limits of the prohibited zone and up to 

1 KM. 

Regulated Activities Zone: This zone extends up to 3 km from the outer limits of the restricted activities zone. Certain 

activities will be permitted in this zone. 

Activities which are permitted 
 

Traditional grazing by domestic animals, traditional capture fishing and organic farming, discharge of treated domestic 

waste waters, withdrawal of ground water using hand pump, recreational activities which will not require boat jetties etc. 

Activities which are not permitted 
 

Bunding, dumping of solid waste, construction of new embankment, land reclamation, storage of inflammable and toxic 

materials, and withdrawing water for commercial purposes other than hydro power and irrigation projects are prohibited. 

Contd……… 
 
 
 



74 | P a g e  

 
 
 
 

 

Figure 20: Salient Features of a River (Source: Ministry of Housing and Urban Affairs, 

GoI) 

 

 

 

 

 

 

 

Contd……… 
 

Regulations for Eco-sensitive Zones around Wetlands / Water Bodies 
 

Development Permissions in eco-sensitive zones earmarked on Development plan are to be considered by the Planning 

Authority in light of the regulations notified including buffers for protection of such protected ecological systems 

/habitats. The buffer for Water bodies such as Lakes/Streams shall be governed as per the NGT orders. In case of water 

bodies, a buffer of “No Development and Construction Zone” is to be maintained around the lake as per the revenue 

record with exception of activities associated with lakes and this buffer may be taken into account for reservation of park 

while sanctioning plans. Natural storm water drains may be categorized into 3 types - Primary, Secondary and Tertiary. 

Such drains shall be provided with a buffer as stipulated (section 9B of this guideline) respectively on either side. 

Wherever the buffer has not been marked, the revenue records and the existing ground situation may be considered by 

the Authority in all such cases while issuing plan approvals. 

In case of any reduction of the extent of buffer vide amendments in regulations, the permitted use of the 

adjoining land parcel will be the use for such exempted land parcels. 
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Sub-Module 1: Integrated Urban Water Management 

1.1 Introduction 

The world’s population has reached 7 billion, and more people live in cities than in rural 

areas. Yet the benefits of city life are not available to all. In places, rapid population influx, 

inadequate public services, and out-of-date urban planning models have marginalized 

vast numbers of new arrivals into informal settlements or slums, exacerbating inequality 

and urban poverty, and compromising efforts to achieve and sustain water security. 

Water is a critical natural resource for the world’s growing urban areas. Commercial, 

residential, and industrial users already place considerable demands on this resource, 

which often requires treatment, may be located at great distance from the city, and is 

almost always in demand by multiple sectors. Water scarcity is leading to conflict over 

water rights. In urban watersheds, competition with agriculture and industry is 

intensifying as cities expand in size and political influence. With industrial and domestic 

water demand expected to double by 2050 (UNDP, 2006), competition among urban, 

peri-urban, and rural areas will likely worsen. 

At the same time, because of climate change, more frequent and extreme weather events 

are expected to alter the quality, quantity, and seasonality of water available to urban 

centres and their surroundings. Cities located near water bodies may be at risk of climate 

change-related disasters. In response to such threats, water managers are revisiting 

conventional practices as they search for efficient ways to ensure human wellbeing while 

safeguarding the integrity of the resource base. 

 

1.2 From Resource Use to Resource Manager 

Urban planners face a choice in their future approach to water resources: their cities can 

become increasingly dependent on rural support areas and enlarge their urban ‘shadow’, 

potentially damaging food production, nutrient flows, and water resources; or they can 

shift from being resource users to resource managers, altering their consumption 

patterns, waste management, and planning to better balance resource flows to and from 

cities. 

 

 
1.2.1 Conventional Urban Water Management 

Urban water management seeks to ensure access to water and sanitation infrastructure 

and services. It must also manage rainwater, wastewater, storm water drainage, and 
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runoff pollution, while controlling waterborne diseases and epidemics, mitigating floods, 

droughts, and landslides, and preventing resource degradation. 

Even though conventional urban water-management strategies have been unable to 

respond to existing demands, more will be asked of urban water management in the 

future. Given the challenges posed by urban growth and climate change, conventional 

urban water-management practice appears outdated. Its tradition of managing the 

elements of the urban water system as isolated services has led to an unbalanced urban 

‘metabolism’ (Novotny, 2010) and separated urban water issues from broader urban 

planning processes. 

In the past, water supply, sanitation, wastewater treatment, storm water drainage, and 

solid waste management have been planned and delivered largely as isolated services. A 

range of authorities, each guided by distinct policies and pieces of legislation, continue to 

oversee water subsectors at the city level. The traditional urban water-management 

model has failed to distinguish between different water qualities and identify uses for 

them. As a result, high-quality water has been diverted to indiscriminate urban water 

needs (Van der Steen, 2006). This issue is not confined to city boundaries: basin-level 

management often neglects to acknowledge the cross-scale interdependencies in 

freshwater, wastewater, flood control, and storm water (Tucci et al., 2010). Water is 

extracted from upstream sources and delivered to urban areas, where it is used and 

polluted, then rechanneled – often untreated – downstream. 

 

 
1.2.2 Integrated Urban Water Management 

The urban transitions that are currently underway – and their reverberations beyond city 

limits – mean that urban centers are critical units of water management. A new approach 

is clearly needed. Integrated urban water management is not a set of quick fixes for 

isolated urban water management problems. Rather, it reframes a city’s relationships to 

water and other resources, and reconceptualises the ways in which they can be overseen. 

In essence, IUWM: 

• Encompasses all the water sources in an urban catchment: blue water 

(surface water, groundwater, transferred water, desalinated water), green 

water (rainwater), black, brown, yellow and grey water (wastewater), 

reclaimed water, storm-water, and virtual water; 
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• Matches the quality of different sources (surface water, groundwater, 

different types of wastewater, reclaimed water, and storm-water) with the 

quality required for different uses; 

• Considers water storage, distribution, treatment, recycling, and disposal as a 

cycle instead of discrete activities, and plans infrastructure accordingly; 

• Plans for the protection, conservation, and exploitation of water resources 

at their source; 

• Takes into account the other, nonurban users of the same water resources; 

• Recognizes and seeks to align the range of formal (organizations, legislation, 

and policies) and informal (norms and conventions) institutions that govern 

water in and for cities; and 

• Seeks to balance economic efficiency, social equity, and environmental 

sustainability. 
 

 

Past urban water management Future IUWM 

Water and wastewater systems are based 

on historical rainfall records. 

Water and wastewater systems rely on 

multiple sources of data and techniques 

that accommodate greater degrees of 

uncertainty and variability 

Water follows one-way path from supply, 

to single use, to treatment and disposal. 

Water can be reclaimed and reused 

multiple times, cascading from higher to 

lower quality 

Storm-water is a nuisance, to be conveyed 

quickly from urban areas. 

Storm-water is a resource to be harvested 

as a water supply and infiltrated or retained 

to support aquifers, waterways, and 

vegetation. 

Human waste is nuisance, to be treated 

and disposed. 

Human waste is a resource to be captured, 

processed, and used as fertilizer. 

Linear approaches deploy discrete systems 

to collect, treat, use, and get rid of water. 

Restorative and regenerative approaches 

offer integrated systems to provide water, 

energy, and resource recovery linked with 

land-use design, regulation, and community 

health 

Demand equals quantity. Infrastructure is 

determined by the amount of water 

Demand is multifaceted. Infrastructure 

matches characteristics of water required 
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required or produced by end-users. All 

supply-side water is treated to potable 

standards; all wastewater is collected for 

treatment 

or produced for end-users in sufficient 

quantity, quality, and level of reliability 

Gray infrastructure is made of concrete, 

metal, or plastic 

Green infrastructure includes soil and 

vegetation as well as concrete, metal, and 

plastic 

Bigger is better; collection system and 

treatment plant are centralized. 

Small is possible; collection systems and 

treatment plants may be decentralized. 

Standard solutions limit complexity; water 

infrastructure consists of ‘hard system’ 

technologies developed by urban water 

professionals. 

Solutions may be diverse and flexible; 

management strategies and technologies 

combine ‘hard’ and ‘soft’ systems devised 

by a broad range of experts. 

Utilities track costs alone and focus on 

accounting 

Utilities evaluate the full array of benefits 

from investment and technology choices, 

and focus on value creation. 

The standard is a business-as-usual toolkit. An expanded toolkit of options includes 

high-tech, low-tech, and natural systems. 

Institutions and regulations block 

innovation 

Institutions and regulations encourage 

innovation 

Water supply, wastewater, and storm- 

water systems are physically distinct. 

Institutional integration occurs by 

historical accident. 

Water supply, wastewater, and storm- 

water systems are intentionally linked. 

Physical and institutional integration is 

sustained through coordinated 

management. 

Collaboration equals public relations. 

Other agencies and public become 

involved only when approval of 

predetermined solution is required 

Collaboration equals engagement. Other 

agencies and public are actively involved in 

search for effective solutions 

Table 10: Traditional Water Management vs Future Water Management (Source: IUWRM, GWP, 2012) 
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1.2.3 Towards a framework for Integrated Urban Water Management 

The framework for IUWM is based on an integrated urban water cycle model (figure), 

including approaches of system engineering. It includes both ‘standard’ urban water flows 

(potable water, wastewater, and runoff), as well as their 
 

 
Figure 21: Urban Water Cycle Model (Source: GWP, 2012) 

 

integration through recycling schemes (greywater, reclaimed water, and rainwater 

harvesting).Linkages between different urban resource streams, such as the water, energy 

and nutrients nexus, have to be considered in the integrated model (figure). The systems 

approach is not limited to the physical characteristics of the urban water cycle, but also 

includes institutional, financial and policy structures. Thus, humans and their various 

organizational forms are integral elements of the urban water system (van der Steen and 

Howe, 2009). The boundaries of the system model for IUWM should be wide enough to 

avoid externalities. Too narrow system boundaries could result in a harmful sub- 
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optimization of individual subsystems. The framework emphasizes the linkages within the 

urban water cycle. When ignored, the interactions between the different elements of the 

urban water cycle can affect each other negatively, while at the same time, positive 

synergies can be missed. To capture the complex interactions and linkages, modeling 

tools for IUWM are required to predict the impacts of possible interventions throughout 

the system. There are a number of different decision support and scoping models (e.g., 

CITY WATER, AQUACYCLE, UVQ UWOT, MULINO, HARMONIT, DAYWATER) that can 

support IUWM by enabling the assessment of the dynamic balances of water, energy and 

pollutants at the city scale. These tools are designed to provide guidance on the potential 

short- and long-term impacts of innovative technologies and systems for urban water 

management (Bates et al. 2010) and can help identify system configurations that 

minimize water consumption, costs and energy. 
 
 

 

Figure 22: Integrated Urban Water Cycle (Source: GWP, 2012) 
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1.3 Creating an Enabling Environment for IUWM 

1.3.1 Roles for Central Governments 

During the 1990s, when public service provision was deemed a failure in terms of 

efficiency, market approaches were expected to improve efficiency, create new financial 

flows, and deliver greater accountability (UNDP, 2006). Although the corporate sector 

has, in places, improved the efficiency of service delivery, it has been less capable of 

meeting equity goals. According to UN-Habitat (2009), the present global financial crisis 

has highlighted some of the limits of market-led approaches and re-ignited interest in 

stronger government involvement to ensure that basic needs are met. The fluctuations in 

global energy and food prices may compel central governments to exert a greater 

regulatory role over market forces, particularly where the cost of daily living has soared 

beyond the means of vast swaths of the population. As a whole, government measures 

complement – but do not replace – private efforts, whether formal or informal, or led by 

the community, civil society, or the corporate sector. Central governments provide 

country-wide perspectives on urbanization and water management by setting national 

policies on land, infrastructure services, and other issues that affect the entire urban-rural 

continuum. In choosing to make policy for broad economic areas that integrates villages, 

towns, and cities, governments can even out the differences in living standards between 

rural and urban areas (AfDB, 2011). Typically, central governments have the authority to 

convene stakeholders for deliberations. IUWM necessitates closer relationships between 

upstream and downstream areas; this can entail crossing national borders, which 

presents technical and political challenges. Northern Ghana and Burkina Faso, for 

example, compete with the urbanized society of Southern Ghana for water resources 

(Giesen et al., 2001). Ideally, efforts to establish cross-border frameworks on water 

management will enhance collective action for the conservation, protection, and 

development of the common resource base; balance the rights of use by the countries 

sharing a common resource base, including their social and economic needs; and account 

for the availability of alternative sources. Where informal actors provide basic water 

services, central governments play an important regulatory role, working with local 

governments to promote equitable pricing and better quality – and not cutting off 

informal service provision. 
 
 
 
 
 
 
 
 



86 | P a g e  

1.3.2 Roles For Local Governments 

Urban governments devise policies and strategies for prioritizing, sharing, and managing 

available resources, while taking into account local demands. To be successful, they must 

look beyond the water sector in isolation. Policies on housing, energy, land use, urban and 

rural agriculture, and waste management all have a bearing on the sustainable 

management of water. Urban governments can engage the various water users in 

analyses, choices, and decisions related to water resources. They can ensure that 

decisions about new water sources particularly for cities with high water demands, do not 

deprive surrounding areas. Local governments need to foster a culture of long-term 

planning that looks beyond short-term financial calculations. The remit for managing the 

urban water system, however, is often fragmented across several departments and 

agencies. Moreover, the transition toward sustainable water resource use and 

management practices takes time and may exceed the tenure of elected officials and 

other stakeholders. Some cities lack information on existing and projected water 

resources availability, levels of water use, environmental hazards and risks, and 

settlement patterns. Structural impediments may create conditions for corruption that 

limit access to basic services. IUWM depends on decentralization: beyond the devolution 

of administrative functions, local governments must also have political and fiscal 

authority. A strong local government can forge new relationships with rural authorities, 

national decision makers, and the public and private sectors. 

 

 
1.3.2.1 Enabling Water Governance  

Current WRM paradigm is dominated by engeneering thinking and this lack of multi- 

disciplinary approach is impeding sustainable water resource management. Thus there is 

a need to integrate diverse bodies of knowledge to roll out comprehensive management 

strategy. The next section provides a critical perspective on the processes that lead to 

such outcomes using the evolution of India’s water governance paradigm as a case in 

point. It focuses on the historical-political processes that have privileged certain forms of 

‘knowing water’ and the ‘knowers of water management’ in India. 

 

 
1.3.2.2 Understanding Water and its Governance 

Understanding water and its governance. Water is at the core of the most difficult 

sustainability challenges facing humans in the modern era, involving multiple scales, 

sectors, and agents. Collectively, these challenges—climate change induced variability in 

water supplies, deteriorating water quality and the rapidly rising competing demands 

across economic sectors, political boundaries and sections of society—have graduated to 
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the enormity of a crisis. Understood as both, natural and social in nature, the crisis of 

water governance has been characterized as a crisis of governance (OECD 2011), which if 

not addressed in time has the potential to lead to “water wars” (Seragaldin 2009). The 

term, ‘water governance’, according to Zwarteveen et al (2017) involves certain “deeply 

political choices about where water should flow; about the norms, rules and laws on 

which such choices should be based; about who is best able or qualified to decide about 

this; and about the kind of societal future such choices support.” Our responses to such 

concerns critically determine gets water, of which quality, how they access it, how much 

they can use, and at what cost. These morally significant questions embody ethical 

concerns that underpin people’s everyday experience of water. In documenting the 

process of distributions of water, knowledge and expertise, and voice and authority via 

practiced forms of water governance, I attempt to foreground questions of equity in 

describing how the co-production of hydraulic imaginaries, engineering expertise and 

state institutions drive the agendas of water governance in India. 

 

 
1.3.2.3 Evolution of the Indian Paradigm of Water Governance 

Evolution of the Indian paradigm of water governance. The dominant water governance 

paradigm in India has evolved to its present form over centuries. Indian irrigation in the 

pre-colonial era was marked by monumental designs and grandeur (Worster 1985). Indian 

engineers then, were known for their ‘audacious’ engineering, superior sophistication of 

technique and efficiency of irrigating - three times more than the USA (Worster 1985). An 

irrigation survey of the time claimed, “India stands pre-eminent for her gigantic 

engineering undertakings” (Worster 1985). Inspired by British India and Egypt, the US 

Bureau of Investigation was envisaged as a central planning agency for optimal utilization 

of national water resources in 1923 (Aandahl 2010). Some parts of pre-colonial India 

characterized a hydraulic state, and others, harmonious communities living with nature. 

The large structures to store and regulate river waters like the Grand Anicut (by the 

Cholas) or the canals built by the Moghuls were mostly community-managed (Iyer 2003), 

but not necessarily more equitable (Shah 2008). With the advent of modernity and the 

British rule, control over water “passed from the hands of the community into those of 

the state” (Iyer 2003; 123). While the state owned natural resources, the responsibility to 

manage them was given to public engineers and bureaucrats. Western engineering and 

hydrology ushered in the era of large dams with a concomitant decline of traditional 

forms of small-scale and local systems (Iyer 2003; 123). Famously called high modernism, 

the intentional, political strategy of controlling space, water and people via mega 

infrastructural projects is iconic to it (Scott 1998). The unrelenting ambition to tame and 

transform nature to suit man’s needs forms its cornerstone. A core feature of which is its 
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emphasis on future. An ideology of the bureaucratic intelligentsia, technocratic engineers, 

economists and planners imbued by high morale, solidarity, prestige and the willingness 

to make (and impose) sacrifices derived from a moral mission to bring the backward 

factions forward to the 20th century (Scott 1998). This public commitment to scientific 

and technological control over nature, linked to service to the nation-state worked for 

British and Indians alike (Gilmartin 2003). Training to become an irrigation engineer at the 

service of the state meant learning not just to speak the mathematical language of 

scientific engineering, but also to assume the prestigious, and undeniably masculine, 

identity that came with engineering work for public interest. 

1.3.2.4 Looking Back to move Forward: The Genesis of India’s Water Experts 

In demonstrating how the profession of engineering in Britain had colonial roots, historian 

David Gilmartin (2003) reported that north-west India played an important role in British 

engineering advancements as a key experimental centre for irrigation engineering 

towards late 19th century. In India, the British government saw investments in irrigation 

(infrastructure and knowledge) as a means of preventing social unrest and extending 

control over larger units of rural society. Contributing to impressive and centralized 

irrigation planning and in line with Wittfogel’s (1957) arguments, these endeavours were 

successful in increasing the power of the central state over local communities 

(Whitcombe 1972; Stone 1984; Gilmartin 1998). The lack of British expertise and 

knowledge about engineering prompted the foundation of the first engineering institute 

of the British Empire in India in 1847 (Zwarteveen 2017). The Thomason College trained 

the first generation of civil engineers for the Indian Public Works Department (IPWD). 

Hierarchical, discriminatory and exclusionary, the College clearly specified who could 

study what: the class was of engineers was reserved for Europeans, the upper 

subordinate class for both Europeans and Indians, and the lower subordinate class, only 

for Indians. While British prejudice against ‘Indians’ motivated this discrimination, it also 

assuaged the fear of newer freedom movements. Establishment, administration, 

organization of the epistemology and pedagogy of science, technology and engineering in 

four Indian engineering colleges (at Calcutta, Madras, Pune and Roorkee) was undertaken 

by officers from the Royal (Bengal) Engineers and the Indian Army equivalent (sapper 

officers). The IPWD was flexibly designed such that it could be “metamorphosed” rapidly 

into a military department should the need arise (Zwarteveen 2017). Although a civil 

organization, the IPWD relied on military engineers until India’s independence (Black 

2009). Guha (2007) observed, “nation-building was one of the major concerns of the day, 

and mitigation of the centrifugal forces in the newly independent and vastly 

heterogeneous country consisting of several vernacularly varied constituencies was one of 

Prime Minister Nehru’s main challenges.” Thus, the end of colonial IPWD saw the genesis 

of new institutions of independent India—the Central Water Commission (CWC), Central 
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Ground Water Board (CGWB) and the Indian Institutes of Technology (IITs)—conceived to 

offer buoyance to a hungry, thirsty, aspirational and newly-independent India via 

generation, application and dissemination of technical knowledge and expertise for 

economic development. Established in 1945, as the Central Waterways, Irrigation and 

Navigation Commission (CWINC), the CWC was to be an exploratory, planning and 

coordinating organization with the authority to undertake construction work, and a 

responsibility to advise the Central, Provincial and State governments on waterways, 

irrigation and navigation throughout the country. In the same year, a committee chaired 

by Mr. N. M. Sircar, Member of Education in Viceroy’s Executive Council, first introduced 

the concept of IITs to impart premier engineering education to the best minds in young 

India. Envisaged as a strong technical organization, the CWC recruited officers of the 

central government with a bachelor’s degree in civil engineering until 1965, after which it 

was manned by officers of the new and prestigious Central Water Engineering Services 

Group ‘A’. Some of the most successful projects of their engineering and planning 

prowess are the celebrated Bhakra Nangal project, Damodar Valley Corporation, Hirakud 

Dam and the Sardar Sarovar Project. The US Geological Survey stimulated groundwater 

exploration in India in 1950. Apart from opening the untapped potential of groundwater 

reserves, the ‘All India Groundwater Exploration Expedition’ pre-emptively saw transfers 

of drilling expertise to Indians; with many individuals setting up successful drilling 

establishments post American egress. This was followed by setting up of the Exploratory 

Tube wells Organization, which became the CGWB under Ministry of Water Resources in 

1970. Alongside conversations to set-up IITs in different parts of the country, the CWC 

was established. The NWA was conceived in 1988 with support from USAID and the World 

Bank, and the most prestigious of Indian Institutes of Technology have been financed by 

the British, USA and USSR. Examining the political and economic history of water 

engineering education in India, would help uncover the impact foreign institutions and 

capital in the evolution of Indian knowledge and expertise on water. Since the colonial 

period, international transfer of expertise continues to flow one-way: from the west to 

India. Most officials receive mid-career opportunities to deepen or diversify their skills 

and knowledge on water from reputed institutions offering technical training on water in 

countries with recognized ‘best practices’ in meeting water demands like the USA, Israel 

and the Netherlands. Characterized by entrenched hierarchies and homogenous expertise 

within government—the “hydrocracy” or “hydraulic bureaucracy” in India, as elsewhere, 

are dominated by water engineers (Molle et al 2009). A majority of hydrocrats 

(functionaries working in hydrocracies). have studied at the IITs or other similar national 

institutes of engineering. The knowledge imparted on prospective and in-service 

hydrocrats at these institutions in the country, exhibit a reductionist engineering, 

uncritical and unidimensional approach to water problems (Shah 2016). Even the highly 
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reputed and autonomous engineering colleges of India, like the Indian Institute of 

Technology in Roorkee, exhibit a diffidence towards inclusion of critical engineering 

studies, engineering ethics, and social and political contexts of the practice of engineering 

in student curricula and pedagogy. The ‘horse-blinkered’ approach to taught engineering 

programs in India has also been attributed to the world’s worst industrial disaster—the 

Bhopal Gas Tragedy (Unger 1994). In 35 years since the disaster, requisite enrichment of 

engineering curriculum, much like the institutional architecture of India’s water 

bureaucracy have become resistant to change. Similarly, excessive critique of mega- 

hydraulic projects and the water bureaucracies by civil society in the past few decades, 

have put hydrocrats (water bureaucrats) in uncomfortable situations forcing them to 

undertake social surveys, work closely with development planners in developing socio- 

economic models to respond to concerns of human rights violation by the projects 

without adequate induction on socio-political realities. Human aspects of water projects 

are taken up by only 2 of 82 modules taught at the NWA. While curriculum is limited in its 

attempt to stimulate ethical thinking and moral imagination, as well as interdisciplinary 

ways of understanding water problems, faculty members come from the same 

engineering communities. 

 

 
1.3.2.5 Way Forward 

There is a clear understanding that the 20th century view of the sciences (natural and 

social) as “speaking truth to power” has to give way to 21st century scientific knowledge 

as “making sense together,” opening multiple spaces and processes for public dialogue, 

and decision-making, which are simultaneously inclusive and responsible (Hoppe 1999). 

The narrative of “scarcity” of water resources has long legitimized and promoted 

modernist responses of infrastructure building (Swyngedouw 1999). Urban infrastructural 

investments demonstrate this too well—with its local surface water resources dried up, 

Bangalore has been spending hundreds of crores to pump up Cauvery waters from 100 

km away and 300m downhill since 1974 via the Cauvery Water Supply Scheme (CWSS), 

now in its fifth stage (Lele et al 2017; Kuttawa et al 2016). To date, water from the river 

(1450 Million Litres of Water per Day or MLD at present) has fed increasingly dense core 

parts of the city. The present stage of the CWSS will augment the city’s drinking water 

supply by 775 MLD by catering to the outer regions of Greater Bangalore (Lalitha 2020). 

Such projects have been critiqued for their unfaltering confidence in water engineering, 

taming nature to yield to the demands of an ever-expanding urban populace and its 

aspirations. While this incurs huge financial costs on the government, the social and 

environmental costs of the resulting displacement and inequities are also manifold. 

Unfortunately, corresponding efforts to manage the water demand of the city or look for 
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community-based alternatives like rain water harvesting and small-scale wastewater 

treatment have been few and far between, and relatively unsuccessful (Kuttava et al 

2016, Vishwanath2014). 

1.3.3 Private sector involvement 

In parts of the Global South, public utilities often lack the financial resources for 

maintenance and operate their water infrastructure 20 and even 50 years beyond its 

intended life span. Uncoordinated planning further aggravates the situation: new 

infrastructure is built on outdated networks that cannot withstand the expansion of 

demand for water and wastewater services (Danilenko et al., 2010). Greater private 

sector involvement in urban water management is one way to deliver more efficient 

services, extend service coverage, and operate financially sound utilities. Private sector 

involvement can take the form of leases, concessions, management contracts, service 

contracts, or subcontracting of specific activities (Kingdom, et al., 2006). Under 

performance-based contracting, companies are paid not only for the services delivered 

but also for achieving specific performance measures; they therefore have incentive to 

deliver results (Kingdom et al., 2006). Companhia de SaneamentoBásico do Estado de São 

Paulo, Brazil, for example, has leveraged private sector capacity to strengthen its 

commercial management. Its operations were hampered by leaks, thefts, and faulty 

meters, until the utility recruited five private contractors to engineer, supply, and install 

new meters for large-account customers. The contractors were expected to finance the 

investment, and payment was based on the average increase in consumption volume – as 

opposed to meter fittings alone. In three years, the volume of metered consumption 

increased by 45 million cubic meters, while revenues increased by US$72 million. Of this, 

US$18 million was paid to the contractors (Kingdom et al., 2006). The effort succeeded 

because the contract offered strong incentives for the contractor while guaranteeing 

profit for the utility. In addition, the contractors had flexibility to determine the way in 

which they would meet the terms (Kingdom et al., 2006). Appropriate regulation, and the 

ability to enforce it, can help ensure high quality, sustainable, and equitable services by 

both state- and non-state actors. Independent regulators – overseeing stable and 

predictable regimes of tariffs, service standards, and other factors – can instill confidence 

in new entrants and encourage existing providers to make reforms. 

1.3.4 Business Opportunities Along The Entire Value Chain 

Entrepreneurs, often informal, already provide the bulk of some cities’ on- site sanitation 

services, such as latrine construction, maintenance, and desludging. Such business 

opportunities are expanding as more people demand improved water and sanitation 
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products and services. Food security is heavily dependent on fertilizers. The rising price of 

artificial fertilizers and dwindling phosphate reserves have created a market opening for 

organic fertilizers from animal manure, human excreta, and other bio wastes. In Malawi, 

for example, private on-site service providers give credit to households that are otherwise 

unable to build composting toilets, against future ‘manure’ sales. These activities 

contribute toward ‘closing the loop’ in managing nutrients, land, and water, thereby 

helping rebalance distorted urban metabolisms (Figure 26). Ouagadougou, Burkina Faso, 

is one of the cities that has tested the viability of a value chain for recycling urine and 

excreta (Dagerskog et al., 2010). 

 

Figure 23: Unbalanced Water Metabolism (Source: GWP, 2012) 

 

 

1.3.5 “Urban” and “Basin” Management 

Hydrologic boundaries rarely coincide with administrative ones. Urban catchments – 

overseen by city authorities – may lie within basins that cross state, or even national, 

borders. The relationship is reciprocal: practices within the basin influence the quantity 

and quality of water available for cities, and urban population growth and economic 

development shape water flows beyond city boundaries (Bahri et al., 2011). Saõ Paulo has 

explored various governance mechanisms to integrate its management of water 
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resources with efforts at the broader basin level. Cities produce large quantities of 

wastewater and other forms of waste. Where waste treatment is inadequate – or, indeed, 

entirely absent – waste disposal sets in motion a cascade of events that reverberates 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 24: Micro Watershed Urban Basins surrounding Ahar River in Udaipur 

across a range of ecosystems. Wastewater flows, for example, can spill onto agricultural 

fields and into surface water bodies. Seasonal flooding may amplify the effect as 

wastewater mixes with storm-water (Bahri et al., 2011). The loss of permeable soil in 

built-up areas further diverts the flow of polluted storm-water into agricultural lands and 

downstream environments (Van Rooijen et al., 2005). In Accra, an estimated 80 percent 

of the total volume of water used becomes wastewater, much of it used to cultivate 

vegetables. Without appropriate safeguards, the practice can pose considerable health 

risks both to irrigators and consumers. However, if appropriately treated and managed, 

they may encourage new resource uses and users along the entire urban-rural continuum 

(Bahri et al., 2011). 

1.3.6 Stakeholder Participation 

The IUWM approach depends on stakeholders’ engagement in designing and managing 

urban water systems. Although widely accepted in principle, stakeholder engagement can 
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vary substantially. In some cases, it entails genuine involvement in decision-making; in 

others, it amounts to informing people about decisions already taken. 

All user groups should participate in designing or restructuring systems for basic services. 

Participation in project planning, municipal planning, and budgeting can ensure 

appropriate design and informed contributions that improve living conditions, particularly 

in low-income settlements. Legal mechanisms may be needed to define the roles for 

stakeholders and set the conditions for the involvement of groups not traditionally 

considered relevant for urban decision-making (UN-Habitat, 2009), such as upstream 

farmers’ associations, industry representatives, and energy utilities (UNDP, 2006). In 

addition to forging upstream–downstream linkages, legislation can also be a vehicle for 

cross-sectorial integration. Laws guaranteeing the right to wastewater encourage farmers 

to install appropriate treatment and irrigation infrastructure; they also establish 

standards for water quality and monitoring authority for public health purposes. 

Water users typically have different agendas that need to be reconciled. Capacity to 

resolve disputes must be accompanied by transparency. 

1.4 Urban Water Security Planning Toolkit 

1.4.1 Why The Need Of Such Toolkit? 

Water security is emerging as an issue of extreme urgency in the Indian subcontinent 

from past decade. 54% of India is facing high to extremely high water stress as well 

decrease in ground water resources. More than 100 million people live in areas of poor 

water quality (World Resource Institute 2015). Water management in urban areas is far 

more challenging. Urban areas faces major issues in water management which are: 

 Deteriorating infrastructure. 

 Climate change and erratic rainfall patterns 

 Increase in water demand due to urban sprawl. 

 Increase in dependency on distant sources 

 Large competition amongst different sectors (viz. Agriculture, industry and urban 

settlements). 

 Depletion of ground water. 

 Polluting lakes and rivers. 

With such above problems a city is facing, it requires an integrated approach for a 

paradigm shift. 
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1.4.2 Approaches And Toolkit For Water Security Planning 

There are various toolkits which have been prepared by global organizations at 

international level to subdue the water security challenges. These toolkits provide useful 

framework for decision makers and key stakeholders in covering practical guidelines and 

preparing of templates for water security. But these toolkits are very general and 

comprehensive. A specific toolkit is needed which can be adapted to suit the capacity and 

need of different target users and audience. It should have a step by step approach (Do it 

yourself) for city governments, planners and other local users. 
 

Figure 25: Universal Toolkit applied for all users (Source: CEPT Ahmedabad, ICLEI South Asia) 

 

 

1.4.3 Framework For Toolkit 

The above figure is a representation of the urban security toolkit prepared by CEPT 

University, Ahmedabad and ICELI South Asia. The framework of the toolkit is divided into 

5 modules starting with a rapid assessment by citizens and urban local bodies at city level. 

The description of the modules is: 

 

 
Is your city water secure? : It is a rapid assessment which can be done by citizens, civic 

bodies and local governance to find out whether the city is facing issues of water stress 

and having proper water security? It is containing a set of questions (figure 28 and figure 

29 ) divided into 2 sections viz. city water stress and city water security level which should 

be asked by city planners, local bodies and citizens to themselves in analyzing the 
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situation of water security and stress in their city. The responses are developed in form of 

scores to check the indicators mentioned in table 11. 
 
 
 
 

 

Figure 24: Urban Toolkit Framework (Source: CEPT, ICLEI) 

 

Figure 257: Water Stress Questionnaire (Source: CEPT, ICLEI) 
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Figure 26: Water Secure Questionnaire (Source: CEPT, ICLEI) 

 

 

 

 
 

Scores Conditions 

0-4 Marks Water Secure 

4-8 Marks Moderately Water Secure 

8-12 Marks Alert for the Urban Local Bodies 

 

Table 11: Water Secure Calculator (Source: ICLEI, CEPT) 

 

 

 

 

 

 

 

 



98 | P a g e  

 

Urban Water Supply Assessment: Step-by-step approach how city should undertake 

assessment and in-depth understanding of existing water supply scenario in the city. It 

provides an initial sense of the water supply in the city, help in understanding the context 

and identifying gaps in key services. Step-by-step approach of this module follows full 

service chain of water supply starting from the assessment of water source, water 

treatment plant, reservoirs distribution system, water connections and per capita water 

supply. 

 

Figure 27: Water Supply Assessment (Source: ICELI, CEPT) 

Step- 1 Assessment of existing sources of water supply: Assess what are the sources of 

water for the city? 

 Groundwater Source: Quantity of ground water extracted, location of extraction points, 

depth of water level, quality of ground water sources, pump capacity.

  Surface water Source: Quantity of surface water extracted, location of extraction points, 

quality and quantity of surface water sources in different seasons

Step- 2 Water supply quantity and quality: Quantify the amount of water supplied and 

the quality of water supplies by 

 Measurement of water quality at inlet and outlet of Water Treatment Plant

 If there is no treatment plant, then chlorination at distribution station

 Water quality of water supplied from bore wells.
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Figure 30: Hydrological Cycle of Water (Source: CEPT, ICLEI) 

 

Step- 2 Financial Assessment: Calculations of metered connections and tariffs supplied to 

residential, commercial and institutional connections. 

 

 
Step- 4 Efficiency in service operations: Most cities report 30-50% NRW (Non- Revenue 

Water). It is an expression used for the difference between the quantity of water 

produced and the quantity of water which is billed. However, in most cases, these 

estimates are not based on accurate measurements. NRW addresses following questions: 

How much water is being lost? Where are the losses occurring? Why are the losses 

occurring? What strategies can be introduced to reduce losses and improve performance? 

 

 
Understanding urban water resources: A step-by-step approach with which a city can 

undertake assessment of its hydro-geological characteristics and natural water resources. 

It is an important exercise in an integrated approach, and provides a contextual 

understanding of the sources of water and how to incorporate their management in 

urban planning. 
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Step- 1 Documentation of History of water supply in the city: Understanding the 

importance of evolution of water supply system and its management is most crucial 

aspect for preparation of water security plan of any city. 

 What to Document?

o Architectural and planning efforts made by old rulers of the region 

o Traditional well systems step wells and private wells 

o Changes done to natural catchments and watersheds 

o New Lakes, canals ; extensions, diversions 

o Natural calamities and changes to water supply thereafter – earthquakes, 

droughts 

o Advent of modern piped supply and changes due to it 

o Development of current municipal supply system – timeline of source 

development, urban expansion, water imports/exports 

o Environmental significance – example: point for migratory birds 

 Where to look for information?

o Documents 

 District Gazetteer 

 Books on local history 

 Land deeds and records for prominent city structures/buildings 

 Survey of India maps 

o Public consultation and interviews: 

 Mayors of city in past few decades 

 Local historians, scholars, researchers 

 House owners in oldest parts of the city 

 Long term Municipality engineers 

 Living decedents of old rulers (if any)\ 

 
Step- 2 Rainfall Analysis: Analysis of rainfall pattern by generating data from Indian 

Metrological Department dataset by gathering of 

 Data of annual rainfall received

 Variation in annual rainfall &

 Number of rainy days.

 
Step- 3 Loses and Recharge after rainfall: Analysis of recharge and losses of rainfall water 

by gathering data of 
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 Runoff

o Flow of water that occurs when excess storm-water, melt water, or other 

sources flows over the Earth's surface. 

o Estimated as a % of rainfall depending on the type of catchment 

 Recharge

o Process where water moves from surface water to groundwater 

o Primary method through which water enters an aquifer 

o Estimated as a % of the amount of rainfall, depending on the geology 

 Evapo-transportation

o Process by which water is transferred from the land to the atmosphere by 

evaporation from the soil and other surfaces and by transpiration from 

plants 

o Estimated as a factor of 

 Energy available for evaporation + wind to transport moisture (Pan- 

evaporation) 

 Type of crop/vegetation (Consumptive use) 

 Coverage of vegetation 

 Cropping/ growing season 

 

Step- 4 Surface water inventory: Surface water is water on the surface of the planet such 

as in a river, lake, wetland, or ocean. A large amount of urban water supply is dependent 

on surface sources. Surface sources also have crucial geological connections with GW. 

Hence assessment of surface water sources is essential for integrated water security plan 

for city. Steps for assessment are as follows: 

 Mapping 

o Identify and map existing rivers, streams, lakes, canals, irrigation dams, check 

dams, tanks etc. 

o Present condition of water bodies (structural damage, silting, vegetation 

encroachment, urban encroachment, dry, solid waste dumping) 

o Quality of water and pollution levels 

 Quality testing 

o Physical Test: turbidity, pH, TDS, taste, colour, odour and temperature 

o Chemical Test: : total hardness (as CacO3, ppm), chlorides (as Cl) , sulphates (as 

SO4), fluorides(as F), nitrate (as NO3), calcium(as Ca), magnesium (as mg), 

alkalinity and acidity(pH) 
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o Bacteriological Test: total coliform and faecal coliform eg: e-coli 

Step- 5 Mapping urban Watersheds and land use: Mapping of watershed area where all 

water drains into one stream/collects to one point. Points to map are 

 Mapping 

o Land forms- Natural drainage, existing streams, lakes, sea 

o Physiography, Contours, slopes, watershed boundaries 

o Soils 

o Land use, cropping pattern and built-up area. 

o Storm water drain network, % road coverage by length, Incidences of water 

logging. 

o Other boundaries – protected forest etc. 

 Sources of Data 

o Cadastral maps available with District land record office, Talati at panchayat 

office. 

o Toposheets available with Survey of India, Irrigation department 

o Land use - Regional land use at ISRO's Geo-portal Bhuvan. 

http://bhuvan.nrsc.gov.in/ Local land use in urban Development Plans / 

Master plans 

o Contours and natural drainage can also be extracted from Digital Elevation 

Models with the use of GIS software • Global DEM available from SRTM 

database http://srtm.csi.cgiar.org/ at 90 m resolution • Indian DEM with 

higher resolution at Bhuvan 

o Storm water network maps are available in ULB engineering departments 

 

Step- 6 Aquifer identification and assessment: An aquifer is an underground layer of 

water-bearing permeable rock, rock fractures or unconsolidated materials (gravel, sand, 

or silt) from which groundwater can be extracted. The steps are 

 Aquifer Delineation 

o Geological Mapping for surface 

o Tectonic – Lineament mapping for identification of aquifer boundaries, 

localized specific characteristic influencing groundwater levels and quality 

o Well inventory and litho-log mapping for sub-surface 

o Reduced water level maps for groundwater flow direction and to identify 

discharge area. 

 Aquifer Characterization– hydraulic properties of Aquifer 

http://bhuvan.nrsc.gov.in/
http://srtm.csi.cgiar.org/
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o Pumping test for discharge measurement 

o Groundwater replenishment / withdrawal estimation 

o To understand transmissibility – Permeability 

o Porosity test to estimate storage potential - Rock sample saturation method 

 

Exploring new opportunities for water security planning: This module attempts to give 

an opportunity to the city to focus on its local water resources and culminate its search 

for endless new sources of water. Diversifying urban water sources helps secure ones 

water supply systems. Revisiting conventional practices is also a sustainable solution to 

safeguard the integrity of the resource base. In response to the rapidly increasing 

urbanization, alternative options for urban water management must also be kept into 

consideration and using alternate sources to meet demand makes better use of all the 

water available to us. 
 

 

Figure 28: Water Sources (Source: CEPT, ICLEI) 

 

 

Alternative water sources options can be adopted everywhere. Emphasis in this approach 

is on demand side management and increased efficiency of present system. Physical 

factors such as hydrological regime, geological environment, climate, and topography will 

have a great bearing on the water supply option. 

 

 
Reasons to adopt alternative sources 

 To overcome the inadequacy of water to meet our demands 

 To arrest decline in ground water levels 

 To enhance availability of ground water at specific place and time and utilize rain 

water for sustainable development 
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 To improve ground water quality by dilution 

 To increase agriculture production 

 To improve ecology of the area by increase in vegetation cover, etc 

 Urban complexity 

 Dying conventional infrastructure 

 
Options for alternative water sources 

 

Figure 32: Water Sources alternative options (Source: ICLE, CEPT) 

 

 

Citizen Involvement in water resources management: The role of citizen in conserving 

water resources and managing it is utmost important priority to undertake water 

security. 

 

 
Step- 1 Awareness generation activities and campaigning: 

 What? 

o Campaigns for Water conservation- “save water“ 

o Familiarizing with local water resources and water use in the city 

o Campaigns for Environmental conservation – “Save the lakes” “Clean 

up our river” 
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o Rallying Around common interest point - Lake/River, Festival 

o Information disbursement regarding policy and planning of 

Government towards Water Resources 

 How? 

o Media spots- TV / Radio / Newspapers / Magazines 

o Posters in prominent spots, Mass transport 

o Activities for school children 

o Rallies 

o Presentations, Seminars, Information stalls 

o Meetings for advocacy with decision makers 

 

Step- 2I Involvement in Decision making, planning, implementation: 

 Degree of Involvement 

Figure 293: Ladder of Citizen Participation (Source: ICLEI, 

CEPT) 

 How? 

o Citizen forums 

 Watershed committees 

 Lake committees 

 Area wise committees for intervention areas 

o Technical demonstration 
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o Self-management, financing by local community for drinking water 

projects 

o In Implementation - “Labor donation” 

o “Cleanliness drives” “lake revival” 

o Assisting in data collection and assessments 

o Public consultation at plan formulation stage 

 

Institutional and regulatory framework: Steps for maintaining institutional and 

regulatory framework are as follows: 

 

Step- 1 Assessment of existing laws and policies 

 Assessment of existing acts and policies at national level. 

 Review of existing state policies on rain water harvesting 

 Assessment and reviewing of development/master plans and policy resolutions 

set up Urban Local Bodies. 

 

Step- 2 Assessment of existing institutional arrangement 

 Understanding existing institutional setup for water supply & water resource 

management 

 Assessment of hierarchy and the roles and responsibilities at each level of the 

hierarchy within the local government 

 Mapping out the key decision makers within the system for various activities 

 
Step- 3 Stakeholder Assessment 

 A stakeholder mapping to be done on the basis of the influence of each 

stakeholder and their interest in the IUWM related activities. 

 Assess all stakeholders ranging from staff from local government, elected 

representatives, local civil society organizations, NGOs, developers, sector experts 

and financial institutions. 

 Undertake stakeholder analysis to identify important stakeholders in the city that 

can have direct and indirect links to IUWM related activities. 
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Figure 30: Stakeholders Organizational Structure 

Step- 4 Gap Assessment: Policy 
 
 
 

Step- 5 Gap Assessment: Overlap of Institutions 

 Multiple stakeholders and government entities currently working in insolation. 

There is a need for integrated institutional arrangement at catchment/basin level. 

 

Step- 6 Strengthening framework – Inclusion of hydrogeology in land use-planning 

 Mapping of water bodies and natural drains and provision of green buffers in 

Development plan 

 Mapping of watersheds and aquifer to understand pattern of water flow 

 Consideration of natural watersheds and pathways in storm water planning 

 Identification of groundwater recharge zones 

 Delineation of “sensitive” zone to protect water sources 

 Developing “Zero runoff zone” 

 Consideration of soils, topography, water availability in urban expansion and 

infrastructure planning 

 

Figure 34: Stakeholders Organization Structure (Source: CEPT, ICLEI) 
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Step- 7 Capacity building and learning alliance 

 Undertake capacity building need assessment study across various stakeholders 

 Design of appropriate training and capacity building module and compilation of 

relevant case study 

 Identify local individual or local institutions in the city, who can play a role of 

champion for learning alliance 

 Learning Alliances for action research and scaling up innovation 
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Figure 35: Concerns of urbanization affecting these urban 

water resources (Source: NIUA, 2019 

Sub-Module 2: Enabling River Sensitive Master Planning 
 

2.1 Introduction 

As elaborated in Sub-Module 3 in module 1, cities have a long and complex relationship 

with their rivers. Beginning with their dependence on these ecosystems for water sources 

and pollution sinks, they soon drifted into the process of over-exploitation and ignorance 

towards the river health. The inherent complexity of constant environmental changes 

along these urban rivers requires a complete change in perspective, which goes far 

beyond the binary conceptualizations of river city-interactions. 

Moreover, these harmful impacts of urbanization on rivers are wide-ranging and 

multifaceted, going far beyond the historical concerns of water pollution. As the urban 

centres further expand in number and size, these negative impacts on freshwater 

ecosystems become more severe and widespread. Picking up from the Sub-Modules 

above, some of the core concerns of urbanization affecting these urban water resources 

include the following 
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To address the above issues, urban river management has to be brought to the heart of 

city planning. It has to be seamlessly built within the whole natural planning process. It 

also means that we need to have city plans which will ensure that the rivers never reach 

an undesirable state. The Master Plans are standard instruments of planning used by the 

planning and development authorities across the country. They are statutory in nature, 

prepared (under relevant act) within the framework of an approved perspective plan. The 

URDPFI clearly defines its key objective as to provide necessary guidelines and intended 

actions in the form of recommendations, strategies and physical proposals for various 

policies given in the perspective/ regional plan, depending upon the economic and social 

needs and aspiration of the people, available resources and priorities. The main intent of 

Master Plans is to promote growth and guide/ regulate development within cities. It is an 

instrument for land and infrastructure allocation and development, while performing the 

economic, social and ecological functions efficiently. It also identifies areas for 

conservation/ preservation and areas with optimum development potential within cities. 

River cities have to ensure that this planning document is envisioned with environmental 

improvement, social up liftment, and urban rejuvenation of the waterfront as per the 

specific city needs. 

2.2 River Focus through Planning Tools 

The Master Plan for river cities has to be conceptualized with a focus on the river specific 

needs. In an attempt to do so, this planning document, through its various Planning Tools, 

needs to take cognizance of the rivers with a holistic approach to imbue river-centric 

perspective within each section of the city plan. It shall clearly outline provisions for river 

space while allocation of various land uses, regulate of its development and access, make 

provision for river-related infrastructure, identify projects for development and their 

phasing, to maintain the river health within the city space. The entire Master Planning 

process needs to adopt a river-sensitive approach. 

2.2.1 Planning Essentials 

The process of preparation of any Master Plan is initiated by framing the vision & 

objectives, as well as forming a current baseline for the urban area. These form the 

building blocks for the entire planning exercise. It is thus envisaged, that the Master Plan 

for any river city shall start by setting out a broad vision which highlights how the city 

views its connect with the river in the plan period. It shall be followed by setting out 

certain river-sensitive planning objectives, establishing the catchment influences and 

evaluating the current stature of the river within the city. These essential elements of the 

planning exercise shall follow a river sensitive approach. 
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Figure 36: River Planning Essentials (Source: NIUA 2019) 

 

 

After fixing the above-mentioned planning essentials, the following Master Plan tools can 

be used as instruments to mainstream sustainable river health management into the 

city’s larger long-term vision. Taking river consideration within the following seven tools, 

will ensure the requisite river-sensitive development within the city. 

 

Figure 37: Master Plan tools for river sensitive planning (Source: NIUA, 2019) 

 

 

2.3 Master Plan Vision For The River 

Developing a vision statement and specific objectives stipulating the direction of growth is 

essential for any policy framework, to clearly identify the resource potential and required 

innovations that can be adopted for the thrust areas of development. Master Plan is a 

long-term envisioning process, with a broad view to cater to the emerging needs within 

its spatial extent. These long term Urban Development Plans formulate an overarching 

vision for the next 20-30 years, enlist the broad objectives aligned towards achieving it, 

provide a policy framework for urban & regional development with the same perspective, 

and detail-out implementable strategies to achieve the desired results. The Master Plans 



112 | P a g e  

for river cities shall commence by envisioning the future city-river connect. Relevant 

objectives in relation to management of water quality, provision of public access to the 

river to strengthen the citizen-river connect, protection of cultural values associated with 

the river, exploitation of the river-tourism potential, management of risks associated with 

natural hazards, as well as conservation of the natural ecosystem shall also be framed and 

incorporated within the planning process. 

 

 
2.4 Forming The River Baseline 

For framing the Master Plans of any city, its contextual setting within the region shall be 

clearly established by analyzing the regional linkages and dependencies. All relevant 

regional policies and strategies shall feed directly into the planning interventions 

proposed within the Master Plans. Specifically in the case of river cities, the influence 

region is not limited to the administrative boundaries. The entire catchment basin has an 

influence over the river within the city boundaries. The impact of upstream pollution, 

sharing of water resource across administrative setups, flow across cities and basin water 

resource management, in addition to various other factors shall be considered while 

analyzing the influences over the river town. 

Once the regional context is established, the growth and development potential as well as 

the site needs as per the current ground conditions, need to be explicitly recognized in 

order to prepare appropriate policies, strategies and specific projects for spatial planning. 

For a river-sensitive approach, the current status of the river within its surroundings 

(ecological as well as spatial aspects), its historical citing and contextual setting within the 

city have to be mapped out. Accordingly an elaborate spatial earmarking of the critical 

and potential areas, in the form of impact and opportunity mapping, shall be carried out 

to feed directly into the planning exercise. 

 

 
The contents of the river baseline shall include (but not be limited to) the following 

categories: 

 Topography: (contours; slopes; geographic boundaries; river zone; soil; climate; 

floodplain; groundwater; etc.) 

 Demography: (population density; location of unauthorized/slum settlements; 

demographic profile; etc.) 
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 Physical infrastructure: (sewerage infrastructure; drainage network; sewered and 

non-sewered areas; on-site sanitation systems; community/public toilets; solid 

waste collection centres; water supply systems; etc.) 

 Spatial planning: (planning zones; administrative boundaries; land use; use 

zones/use premise; stakeholder mapping; etc.) 

 Environmental assets: (water bodies; forests; wetlands; parks; protected 

areas/ecosensitive zones; etc.) 

 Social aspects: (religious and cultural establishments, especially along the river; 

crematoria; dhobi Ghats; boating locations; etc.) 

 

2.5 Localizing National Policies 

Policies set the framework for directing development, in-line with the overall vision and 

objectives of the planning document. Strong planning policies ensure controlled 

development that is carefully designed and cited without modifying the existing 

landscape, while ensuring that the local needs are well addressed. The policies in-turn 

give way to specific strategies and project proposals to be identified for different areas. 

Several national and state level policies have direct implications on river management 

aspects. Some of these allied policies/ supporting policies are the National Policy on 

Faecal Sludge and Septage Management, 2017 (for sanitation management); Swacchh 

Bharat Abhiyaan, 2014 (for both wastewater and solid waste management); Jal Shakti 

Abhiyaan, 2019 (for water bodies rejuvenation, water conservation, afforestation, and 

groundwater recharge); Draft National Forest Policy, 2018 (for forest management); 

National Water Policy, 2012 (which has considerable river-related clauses); National 

Water Mission, 2011 (for climate-change related implications), Street Vendors Act, 2014, 

Draft National River Policy 2011, among others. The state level interventions include the 

river regulation zone (RRZ) policy by states, state water policies, Inter-State River Water 

Disputes (Amendment) Bill (2019), state Policy on Rain Water Harvesting, among others. 

The Master Plan should devise specific localized strategies for a customized 

implementation of these policies at a city scale. 

 

 
Guidelines like the Guidelines for repair, renovation and restoration of water bodies with 

external assistance and domestic support - Ministry of Water Resources (2009), 

Guidelines for the national lake conservation plan - Ministry of Environment and Forests 

(2008), Model bill to regulate and control the development of groundwater - Ministry of 
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Water Resources (1996), that have direct implications on river management, shall also be 

contextualized to the local needs. 

2.6 Town Specific Strategies 

The URDPFI Guidelines, 2015 state that “The objective of a development plan is to 

provide further necessary details and intended actions in the form of strategies and 

physical proposals for various policies given in the perspective plan and regional plan 

depending upon the economic and social needs and aspiration of the people, available 

resources and priorities”. The policies are thus contextualized to town-specific needs in 

the form of Master Plan strategies that form a means for implementing the Plan. In this 

case, specific river focused strategies catering to different objectives have to be identified 

to form a part of the city’s planning document, which in-turn pave way for further area- 

specific project proposals. Examples of such strategies include citizen engagement 

strategy, blue-green continuum strategy, strategy for urban forestry, etc. 

2.7 Assigning Land Use 

The (Draft) National Land Utilization Policy, 2013 states that “land is required for 

development of essential infrastructure and for urbanization, while at the same time 

there is also a need to protect land under environmentally sensitive zones and land which 

provides ecosystem services”. Land, being a limited and important natural resource, thus 

must be utilized vigilantly. Land assembly and development mechanisms are required to 

be undertaken for achieving optimum economic, social and ecological use of urban land. 

When it comes to river cities, spatial planning of the waterfront can directly help protect 

the ecological, amenity, economic and cultural values. 

Moreover in some states, Master Plan is essentially a statutory land use plan, approved 

and adopted by the local authority, with precise and definite proposals notifying the 

manner in which land parcels are affected. These Plans have enough control over land 

through various associated techniques like land acquisition, land pooling, land 

reservations, TDRs, guided land developments, etc. They can direct the physical 

development of a city. The URDPFI Guidelines, 2015 state that ‘’Care should be taken 

regarding inter‐relation of various activities and land uses with each other. Land use to be 

planned most solicitously” .The manner of utilization of land, including its allocation to 

ensure the best possible use of each land parcel, is also controlled by the Master Plans. 

These planning documents ensure an efficient allocation of infrastructure provisions and 

space standards within the city as per the projected requirements. For all the river cities, 

this allocation of land within the river’s zone of influence is of utmost importance, without 

disturbing the natural ecology of the area. 
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Land use allocation has traditionally been one of the core functions of the Master Plan. 

The basic idea is to allocate different land use types within the town to allow for 

systematic urban development. Each land use category can be further sub-divided into 

land use zones. The land use zone can be further divided into land use premises. Land use 

premise can be permitted across different land use zones. Finally, each use premise there 

are a certain use activities that can be permitted. 

For proper management of the land adjacent to the river, a complete exercise of 

delineation of the river influence zone has to be undertaken. Appropriate land uses and 

use zones have to be assigned for this delineated area within the Master Plan, with a 

focus on maintaining the eco-sensitive nature of the area. Specific protective and eco‐ 

sensitive areas can be earmarked for conservation. A clear identification of permissible 

and restricted activities is also required, for imposing controlled use of the river space 

without disturbing its natural character. In addition, the definitions and parameters for 

delineation of the river space, as well as allocation of various uses zones with use 

restrictions (permitted, conditionally permitted or prohibited) have to also be clearly 

specified within the planning document. 
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Sub-Module 3: Surface and Ground Water Management 
 

3.1 Background 

As the Nation’s concerns over water resources and the environment increase, the 

importance of considering ground water and surface water as a single resource has 

become increasingly evident. Issues related to water supply, water quality, and 

degradation of aquatic environments are reported on frequently. The interaction of 

ground water and surface water has been shown to be a significant concern in many of 

these issues. For example, contaminated aquifers that discharge to streams can result in 

long-term contamination of surface water; conversely, streams can be a major source of 

contamination to aquifers. Surface water commonly is hydraulically connected to ground 

water, but the interactions are difficult to observe and measure and commonly have been 

ignored in water-management considerations and policies. Many natural processes and 

human activities affect the interactions of ground water and surface water. Worldwide 

sustainable water resources development and management is recognized as an ultimate 

goal of national water strategies. The sustainability of groundwater is closely linked with a 

range of micro and macro-policy issues influencing water and land use, and represents 

one of the major challenges in natural resource management. Investment in management 

and protection of the resource base has been seriously neglected. Practical advances are 

urgently needed; there is no simple blueprint for action, due to the inherent variability of 

groundwater systems and related socio-economic situations. Many developing nations 

need to appreciate their socioeconomic dependency on groundwater, and invest in 

strengthening institutional provisions and building institutional capacity for its improved 

management before it is too late. Traditional institutional separation of surface water 

from groundwater has created fundamental communication barriers that now extend 

from technical expertise to policy developers, operational managers and water users. 

These barriers impede the understanding of the processes and consequences of 

groundwater-surface water interactions. 

 

 
3.2 What is IWRM? 

Integrated Water Resources Management is an approach that promotes the coordinated 

development and management of water, land, and related resources, in order to 

maximize the resultant economic and social welfare in an equitable manner without 

compromising the sustainability of vital ecosystems. 
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This includes more coordinated development and management of: 

 land and water, 

 surface water and groundwater, 

 the river basin and its adjacent coastal and marine environment, 

 Upstream and downstream interests. 

 
However, IWRM is not just about managing physical resources, it is also about reforming 

human systems to enable people, both men and women, to benefit from those resources. 

At its simplest, IWRM is a logical and appealing concept. Its basis is that the many 

different uses of water resources are interdependent. That is evident to us all. High 

irrigation demands and polluted drainage flows from agriculture mean less freshwater for 

drinking or industrial use; contaminated municipal and industrial waste - water pollutes 

rivers and threatens ecosystems; if water has to be left in a river to protect fisheries and 

ecosystems, less can be diverted to grow crops. There are plenty more examples of the 

basic theme that unregulated use of scarce water resources is wasteful and inherently 

unsustainable. 

 

3.3 General Framework 

IWRM is about strengthening frameworks for water governance to foster good decision 

making in response to changing needs and situations. There is, no ‘simple blueprint’ for 

integrating water resources management that will fit all cases. However, a general 

framework is established based on Dublin principles and the three pillars driving 

sustainability: Economic efficiency, Environmental sustainability and social equity. 
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Box 4: Dublin statements and principles 

Principle No. 1 -Fresh water is a finite and vulnerable resource, essential to sustain life, 

development and the environment 

Since water sustains life, effective management of water resources demands a holistic 

approach, linking social and economic development with protection of natural ecosystems. 

Effective management links land and water uses across the whole of a catchment area or 

groundwater aquifer. 

Principle No. 2 - Water development and management should be based on a participatory 

approach, involving users, planners and policy-makers at all levels 

The participatory approach involves raising awareness of the importance of water among 

policy-makers and the general public. It means that decisions are taken at the lowest 

appropriate level, with full public consultation and involvement of users in the planning and 

implementation of water projects. 

Principle No. 3 - Women play a central part in the provision, management and safeguarding 

of water 

This pivotal role of women as providers and users of water and guardians of the living 

environment has seldom been reflected in institutional arrangements for the development 

and management of water resources. Acceptance and implementation of this principle 

requires positive policies to address women’s specific needs and to equip and empower 

women to participate at all levels in water resources programmes, including decision-making 

and implementation, in ways defined by them. 

Principle No. 4 - Water has an economic value in all its competing uses and should be 

recognized as an economic good 

Within this principle, it is vital to recognize first the basic right of all human beings to have 

access to clean water and sanitation at an affordable price. Past failure to recognize the 

economic value of water has led to wasteful and environmentally damaging uses of the 

resource. Managing water as an economic good is an important way of achieving efficient 

and equitable use, and of encouraging conservation and protection of water resources. 
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To implement an IWRM approach the key action areas as shown in Figure are: 

 Enabling Environment— including Policy, legislation &regulation, financing & 

incentive structure 

  Institutional roles— considering models that allow for Aquifer & River basin, 

central-local, public-private interests 

 Management instruments— including re - source assessment, information 

management and resource allocation and protection tools. 
 

 

 

Figure 3138: IWRM three Principles of Sustainability 

 

 

3.4 Groundwater Management 

Groundwater and surface water are closely linked and within an IWRM approach all water 

should be managed as one resource. Managing groundwater resources is primarily aiming 

at sustainable development of the resource for various users. A key issue of sustainable 

groundwater is balancing the available resources with the increasing demands of water 

use. To that end, the following resources management objectives are crucial: 

a. Balancing groundwater recharge against abstraction is the main emphasis of 

groundwater management, (figure 39). 

b. Groundwater protection from pollution 
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3.5 Why IWRM approach to Groundwater Management? 

Sustainable management of water resources cannot be achieved only by addressing 

surface water management but must include groundwater. A new approach guided by 

IWRM principles and goals is needed for groundwater resource governance and 

management. The IWRM change paradigm addresses the following key issues: Managing 

water resources in a basin requires taking into account both surface and groundwater 

because: 

 Groundwater recharge is impacted by surface water use; 

 Surface water downstream may include a significant amount of base flow from 

groundwater – especially during the periods of low flow; 

 Groundwater is more reliable than surface water in times of drought; 

 Groundwater pollution can last for centuries thereby reducing water resources for 

generations to come. 
 
 

Figure 39: Sustainable Groundwater Development 
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The approach taken to groundwater management at any moment in time will depend, to 

a considerable degree, upon information about, and interaction between, the following 

factors: 

 the size and complexity of the groundwater resource; 

 the degree of climatic aridity and the rate of aquifer recharge and resource 

renewal; 

 the scale of groundwater abstraction and the number and types of groundwater 

users; 

 the ecological role and environmental services dependent upon groundwater; 

 the susceptibility and vulnerability of the aquifer system to degradation; 

 natural groundwater quality concerns (trace element hazards and saline water 

presence); 

 Other available water resources 

 
3.6 Groundwater Occurrence? 

3.6.1 What are the main functions of aquifers? 

Groundwater occurs in most geological formations because nearly all rocks of whatever 

type, origin or age, possess openings called pores or voids or fractures. For the purpose of 

hydro geological investigations we have to deal with hydrological units, or the 

hydrological system; depending of the scale of study we can identify: 

 Hydrological basins that correspond nearly to the topographic or drainage basin; 

 Groundwater basins that are a component of the hydrological basin located 

underground; 

 Aquifer or hydro geological units that contain groundwater; one or many aquifers 

can constitute a hydro geological basin. 

 

In definition an aquifer is a geologic formation, a group of formations, or part of a 

formation that contains sufficient saturated permeable material to yield significant 

quantities of water to wells and springs. Aquifers are often combined into aquifer 

systems. 

An aquifer as a hydro geological unit is made up of two main phases that interact: a 

reservoir comprising one or many hydro geological formations and groundwater. 

The reservoir has three important functions: 
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 Storage capacity expressed through storability (storage coefficient) or specific 

yield; 

 Transfer capacity by gravity or pressure, expressed as transmissivity; 

 Interaction through physical and chemical exchange between the reservoir-rock 

and the groundwater. 

Depending on rock types and hydro geological environments, an aquifer may fulfil one or 

more of these functions. For instance a river side aquifer has a predominantly transfer 

function, whereas a deep confined aquifer presents mainly storage capacity, and an 

unconfined aquifer may play both roles. The exchange function is related to the length of 

time that the rock and water interact, the length of flow path and type of materials. 

3.6.2 What are the most common hydrological formations? 

The availability of groundwater depends primarily on the geologic environment in which it 

occurs. The most significant elements of hydrogeological diversity are: 

 Major variation of aquifer storage capacity (storability), between unconsolidated 

granular sediments and highly-consolidated fractured rocks; 

 Wide variation in aquifer saturated thickness between different depositional types, 

resulting in a wide range of groundwater flow potential (transmissivity). 

 

Unconsolidated sedimentary aquifers are composed mainly of loose materials: sands, 

gravels, alluvial grains, clayey sand, sandy clays and clays. They constitute a porous and 

continuous medium. Groundwater is stored and transmitted through pore spaces, not 

fractures. They have large to very large storage capacity and usually huge regional 

extension. 

Compact and fractured rocks or consolidated formations have openings that are mainly 

composed of fractures; they usually constitute a discontinuous medium. In general one 

can identify two major types of formations: 

 Carbonated rocks like limestone, that are slightly soluble in rainwater and 

therefore fractures can be enlarged to form karsts (solution channels); 

 Ancient crystalline and metamorphic rocks can be highly fractured; they can also 

decompose in the upper part to form a porous and permeable mantle of 

weathered materials that may be tens of meters thick. 

Sedimentary basins contain large resources of groundwater; two types of hydrogeological 

environments are particularly excellent aquifers: 
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Box 5: Darcy law 

Darcy’s Law expresses the rate at which groundwater moves through the saturated 

zone, which depends on the permeability of the rock and the hydraulic gradient. 

 Major alluvial and coastal basins that are prolific aquifers; 

 Consolidated sedimentary rocks like sandstone and limestone. 

 
3.7 Groundwater Flow 

3.7.1 How does groundwater flow? 

The vast storage of many groundwater systems (much larger than that of the biggest 

man-made reservoirs) is their most distinctive characteristic. In consequence most 

groundwater is in continuous slow movement from areas of natural aquifer recharge 

(from rainfall excess to plant requirements) to areas of aquifer discharge (as springs and 

seepages to watercourses, wetlands and coastal zones). The flow of groundwater through 

an aquifer is governed by Darcy’s Law. 

 

Where aquifers dip beneath much less permeable strata, their groundwater becomes 

confined (to varying degrees) by overlying layers. This results in a corresponding degree 

of isolation from the immediately overlying land surface, but not from the groundwater 

system as a whole. Drawdown induced by pumping from the confined section of an 

aquifer is often rapidly propagated to the unconfined section. In various hydrogeological 

settings, shallow unconfined and deep confined aquifer layers can be superimposed 

(Figure 40) with leakage downwards and upwards between layers according to local 

conditions. 
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Box 6: Groundwater residence time impacts 

 Groundwater is a reliable source in periods of drought, or of scarcity 

 Aquifers store vast volumes of groundwater available in long term period. 

 There are interactions with geological materials giving groundwater a specific 

chemical content. 

 In unconfined aquifers, usually in shallow aquifers, time residence is shorter 

which may result in low chemical content. 

 In confined aquifers time residence is usually long, resulting in more chemical 

components in groundwater. 

 
 

Figure 40: Typical groundwater flow regime and residence times in semiarid regions (after Foster and Hirata, 1988) 

Aquifer storage transforms highly variable natural recharge regimes into more stable 

natural discharge regimes. It also results in groundwater residence times that are usually 

counted in decades or centuries and sometimes even in millennia, with large volumes of 

so-called ‘fossil groundwater’ (a relic of past episodes of different climate) still being held 

in storage. In Box 3 some impacts of residence time in terms of reliability and water 

chemical load are exposed. 
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3.7.2 Why Recharge Estimation Matters? 

Contemporary aquifer recharge rates are a fundamental consideration in the 

sustainability of groundwater resource development. Furthermore understanding aquifer 

recharge mechanisms and their linkages with land-use is essential for integrated water 

resources management. 

In fractured aquifers, much more rapid preferential flow to the water table may occur, 

especially after heavy rainfall. This component of flow can carry pollutants from the 

ground surface much more quickly, allowing little or no time for attenuation, and such 

aquifers can be highly vulnerable to pollution. In arid and semi-arid areas groundwater 

recharge is low in most cases. Its estimation by classical methods is problematic; isotope 

techniques are likely more efficient. 

3.7.3 Is There A Need To Know Discharge? 

Water is constantly added to the system by recharge from precipitation, and water is 

constantly leaving the system as discharge to surface water and as evapotranspiration. 

Over relatively short time scales (days to months) the inflows and outflows may fluctuate 

significantly, but over longer time scales (years to decades) the groundwater system 

should be in equilibrium. This means that, averaged over a longer period of time, the 

volume of water entering (recharging) the system should be approximately equal to the 

volume leaving (discharging from) the system. Groundwater may be discharging to 

springs, wetland habitats or to surface water bodies i.e. streams, lakes, sea… etc. 

Groundwater is a major contributor to flow in many streams and rivers and has a strong 

influence on river and wetland habitats for plants and animals. It may also gain water 

from surface water bodies, so the interaction with these bodies is a critical issue in 

groundwater management. Diagnosing the relationship between surface water and 

underlying aquifer is an important component of groundwater system characterization. 

3.7.4 Why A Water Balance Is Needed? 

Each groundwater system is unique in that the source and amount of water flowing 

through the system is dependent upon external factors such as rate of precipitation, 

location of streams and other surface water bodies, and rate of evapotranspiration. The 

one common factor for all groundwater systems, however, is that the total amount of 

water entering, leaving, and being stored in the system is in balance. An accounting of all 

the inflows, outflows, and changes in storage is called a water balance. 
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Groundwater withdrawals (in its broad meaning) change the natural flow patterns, and 

these changes must be accounted for in the calculation of the water balance. Because any 

water that is used must come from somewhere, human activities affect the amount and 

rate of movement of water in the system, entering the system, and leaving the system. 

For sustainable groundwater management, the water balance need to be established for 

a given unit system (hydrologic/ river basin, groundwater basin or aquifer unit) over a 

given period of time. Where possible, the water balance should be undertaken for the 

aquifer system itself as a single hydrological unit, bearing in mind that it is an integral part 

of the whole hydrological / groundwater basin. 

If the equilibrium is disturbed by increased groundwater pumping, the system gradually 

adjusts to a new equilibrium, requiring either: 

 Increased inflows (e.g. by artificial recharge); 

 Reduced outflows in parts of the system; 

 Or a combination of the two. 

 
3.8 The Need for Groundwater Management in Urban Areas 

The size of the city is a strong indicator for how much surface water it can import or how 

much it has to rely on local sources of water. In India, 56 per cent of metropolitan, class-I 

and class-II cities are dependent on groundwater either fully or partially. 

Hydro-geology and Sub-surface geology beneath the urban areas plays a key role for the 

dependence on groundwater. The alluvium plains being bestowed with good natural 

aquifers and those areas that also receive high groundwater recharge through naturally or 

from canals support urban areas with high groundwater potential. While, cities/towns 

situated above crystalline rock or basalt are not be capable to support groundwater 

development, due to limited storage capacity of hard rock aquifers. 

The groundwater and hydrogeological studies of urban areas have not received serious 

attention, until Groundwater Estimation Committee in 2015 recommended some of the 

urban areas to be included for such studies in different states on the basis of population 

and specific criteria. In Rajasthan State only two cities are included, i.e. Jaipur and 

Jaisalmer, the first one because of its population and other one due to specific and 

heritage status. 
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3.8.1 Challenges 

The abstraction of groundwater has exponentially increased with the growing population 

as the demand of water remains unfulfilled through available surface water resources. 

The water supply in most of the India cities is inadequate as it is available only for a few 

hours per day and in many places it is alternately supplied. Consequently groundwater 

resources in urban areas are under two foremost stresses i.e. depleting water level and 

deterioration of quality. A larger part of the urban area is being covered with houses, 

buildings, markets, roads, pavements and cemented streets, hence high run off is 

generated and there remains limited area available for natural recharge from rainfall 

consequently groundwater recharge is only partly accomplished. On the hand Increasing 

abstraction of groundwater from domestic and water supply bore wells has resulted in 

over exploitation conditions in many cities. 

The quality of groundwater is effected by the climatic conditions, biological environment, 

composition of the aquifers and extent and intensity of percolation of urban 

contaminants in to the aquifers. Generally higher proportions of dissolved constituents 

are found in groundwater as compared to surface water because of greater interaction of 

ground water with various minerals in geologic formations. The inorganic salts are often 

dissolved in groundwater such as sulphates and chlorides along with Sodium and 

Potassium that may increase salinity in water. Similarly combination of Carbonates, 

Bicarbonates along with Calcium and Magnesium build up high hardness of water. The 

concentration of Fluoride in groundwater is another hazard that causes serious health 

problems. In addition to the inorganic substances, organic matter derived from different 

sources in urban areas deteriorate quality of groundwater and make it unsafe for human 

consumption. The natural composition of groundwater is generally altered by human 

activities through disposal or dissemination of chemicals and microbial matter at the land 

surface and into soils, or through injection of wastes directly into groundwater. It is often 

observed that the improper and leaky sewage network and polluted surface water bodies 

also contribute pollution to the groundwater resources in urban areas. 

3.8.2 Practical Approaches 

The groundwater crisis due to falling groundwater tables and polluted aquifers in urban 

areas requires urgent management responses. It involves systematic study and situation 

analysis based on which some remedial measures may be developed and implemented. 

Some of the main steps for preparation of management plan are described hereunder. 
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Need for establishing 

integrated urban 

hydrological monitoring 

system and preparation 

and updating data base. 

It is rather unfortunate that there is no single agency 

for systematic collection, compilation and 

interpretation of all relevant hydrological data in 

urban areas. Rainfall is recorded by IMD or state 

departments at some places by the universities and 

Voluntary organizations. The surface water resources 

data are available with the irrigation departments 

and water supply data are with the Public Health 

Engineering Departments. Domestic bore well data 

are not compiled by any agency. 

Preparation of resource 

maps 

Preparation of maps based on GIS are very important 

depicting surface water bodies, their catchment, 

storage status in different seasons, streams and flow 

patterns, water supply lines, location of bore wells 

and tube wells for domestic and industrial water 

supplies, settlements, open spaces, parks and 

gardens, sewage lines, location of STPs if in operation 

and other infra structures. 

Water level and quality 

monitoring 

For the purpose of appraising trend of water levels, a 

network of piezometers must be developed covering 

recharge and discharge areas. The piezometers may 

be installed with automatic water level recorders and 

linked with a centralized monitoring station. Based on 

these data, increment and depletion of groundwater 

resources can be monitored. Moreover, groundwater 

flow directions can be determined and annual 

quantitative assessment of groundwater resources 

can be worked out. 

Groundwater and surface water samples must be 

collected during pre and post monsoon seasons and 

analyzed for different inorganic and organic 

constituents so as to determine temporal and spatial 

variation in the quality of surface water and 

groundwater. 
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Safeguarding surface 

water resources from 

contamination and 

pollution 

The contamination and pollution of surface water 

bodies such as lakes, ponds and streams ultimately 

transmits the pollutants to the groundwater through 

seepage and infiltration resulting in deterioration of 

groundwater quality. 

Identification and 

marking of vulnerable 

areas with respect to 

pollution and 

contamination 

The demarcation of high infiltration and seepage 

zones is very necessary because composition and 

nature of subsurface strata facilitates pollutants 

mobility. Urban solid waste, hospital waste, industrial 

waste and organic pollutants must not be dumped 

around such areas. 

Rainwater harvesting and 

recharge structures 

Although rain water harvesting in urban areas has 

been emphasized and implemented but it is still 

sporadic and without proper designing. Generally the 

rainwater falling on roofs is diverted to domestic bore 

wells, but intake of such rapid recharge results in out 

flow of bore wells. This is due to the fact that the 

transmissibility of aquifers especially in hard rock 

areas, is inadequate to absorb flux of water. 

Moreover, there is threat to damage to aquifers 

through deposition of dissolved silt and other 

impurities along with untreated recharge water. 

There is need for designing site specific proper 

recharge structures. In place of diverting rainwater 

directly into the domestic bore wells, community 

recharge centers must be developed at appropriate 

open spaces, considering sub surface and 

hydrogeological conditions. 

Establishing links between 

the social and technical 

aspects of groundwater 

management against a 

contemporary 

background of rapid 

groundwater depletion 

There is need to aware water consumers regarding 

the status of water resources, year wise availability 

and consumption pattern and emphasis on the 

domestic management of water taking in to account 

judicious utilization and conservation practices. 

In place of individual roof water harvesting, 

community water harvesting must be designed and 
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and aquifer degradation. promoted. It may be planned in such a way that the 

rain water collected by each individual households in 

a residential area should be joined and transported 

up to the properly constructed larger recharge 

structures for effective input of recharge water to the 

aquifers. 

The community recharge structures and infra- 

structure for connecting with the each house hold 

may be undertaken by Government departments and 

voluntary organizations. 

Effective crisis 

management 

A large part of the country is covered under semi-arid 

climatic conditions, where dry and wet spells of 

monsoon rainfall happens periodically. The IMD often 

predicts rainfall trend based on interpretation of 

weather data and accordingly it is essential to 

prepare water supply plans well in advance to cope 

up with the demand. The rate of groundwater 

abstraction is in direct response to the availability of 

surface water. It is during low rainfall seasons that 

groundwater remains the alternate source and not 

only heavy pumping from existing structures is 

enhanced but new bore wells are drilled resulting in 

overexploitation of aquifers. 
Table 12: Management Plan for Restoring Ground Water 

 

3.9 Water Conservation Strategies 

Water conservation can be defined as: 

 Any beneficial deduction in water loss, use, or waste. 

 A reduction in water use accomplished by implementation of water conservation 

or water efficiency measures; or, 

 Improved water management practices that reduce or enhance the beneficial use 

of water a water conservation measure is an action, behavioral change, device, 

technology, or improved design or process implemented to reduce water loss, 

waste, or use. Water efficiency is a tool of water conservation. That results in more 

efficient water use and thus reduces water demand. The value and cost- 
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effectiveness of a water efficiency measure must be evaluated in relation to its 

effects on the use and cost of other natural resources.(e.g. energy or chemicals). 

 

3.9.1 Goals 

The goals of water conservation efforts include: 

 Sustainability- To ensure availability for future generations, the withdrawal of fresh 

water from an ecosystem should not exceed its natural replacement rate. 

 Energy conservation- Water pumping, delivery, and wastewater treatment facilities 

consume a significant amount of energy. In some regions (e.g. California2 ) of the 

world over 15% of total electricity consumption is devoted to water management 

 Habitat conservation- Minimizing human water use helps to preserve fresh water 

habitats for local wildlife and migrating waterfowl, as well as reducing the need to 

build new dams and other water diversion infrastructure. 

 

3.9.2 Conservation Technologies 

Process of conservation may be synonymous of preservation against loss or waste. Briefly 

stated it means putting the water resources of the country for the best beneficial use with 

all the technologies at our command. Water conservation basically aims at matching 

demand and supply. The strategies for water conservation may be demand oriented or 

supply oriented and/or management oriented. The strategies may vary depending upon 

the field of water use, domestic, irrigation or industrial use. 

 Rainwater harvesting- Rainwater harvesting essentially means collecting rainwater 

on the roofs of building and storing it underground for later use. Not only does this 

recharging arrest groundwater depletion, it also raises the declining water table 

and can help augment water supply. Rainwater harvesting and artificial recharging 

are becoming very important issues. It is essential to stop the decline in 

groundwater levels, arrest seawater ingress, i.e. prevent seawater from moving 

landward, and conserve surface water run-off during the rainy season. 

 Better Irrigation Practices- Conservation of water in the agricultural sector is 

essential since water is necessary for the growth of plants and crops. A depleting 

water table and a rise in salinity due to overuse of chemical fertilizers and 

pesticides has made matters serious. Various methods of water harvesting and 

recharging have been and are being applied all over the world to tackle the 

problem. In areas where rainfall is low and water is scarce, the local people have 
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used simple techniques that are suited to their region and reduce the demand for 

water. For crop irrigation, optimal water efficiency means minimizing losses due to 

evaporation, runoff or subsurface drainage. An evaporation pan can be used to 

determine how much water is required to irrigate the land. Flood irrigation, the 

oldest and most common type, is often very uneven in distribution, as parts of a 

field may receive excess water in order to deliver sufficient quantities to other 

parts. Overhead irrigation, using center-pivot or lateral-moving sprinklers, gives a 

much more equal and controlled distribution pattern. Drip irrigation is the most 

expensive and least-used type, but offers the best results in delivering water to 

plant roots with minimal losses. 

 Use of Saline Water for Irrigation- Saline water is widely available but rarely used 

for agriculture because it restricts plant growth and yield. Salt resistant varieties of 

crops have also been developed in recent times 

 Mulching, i.e., the application of organic or inorganic material such as plant debris, 

compost, etc., slows down the surface run-off, improves the soil moisture, reduces 

evaporation losses and improves soil fertility. 

 Fog and dew contain substantial amounts of water that can be used directly by 

adapted plant species. Artificial surfaces such as netting-surfaced traps or 

polyethylene sheets can be exposed to fog and dew. The resulting water can be 

used for crops. 

 Contour farming is adopted in hilly areas and in lowland areas for paddy fields. 

Farmers recognize the efficiency of contour-based systems for conserving soil and 

water. 

 Tippy Tap for water conservation: - Tippy Tap is a simple device which dispenses a 

limited amount of water slowly and facilitates a thorough hand wash. In case of 

piped water supply, every time the tap is opened for a hand wash, an average of 

300 - 500 ml of water is utilized. Using Tippy Tap it is possible to have a good hand 

wash with only 60 to 80 ml of water 

 Propagation of Dry Garden / Eco Lawns- As a step towards water conservation and 

propagation of native plant species, drought resistant plantation (plants requiring 

less water) should be carried out. 

 Soak pit construction- Water run offs and water logging are combated by 

constructing soak pits near water points like hand pumps. This is a sanitation 

measure and also helps in recharge of ground water. 
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 Tree plantation in water catchments area/riverbanks and clean-up drives near 

water bodies are some of the other initiatives taken up to preserve our water 

resources. 

 Desalination- To augment the depletion of fresh water resources in coastal areas 

due to excessive abstraction, desalination like distillation, electro-dialysis and 

reverse osmosis are available. Selection and use of these processes is site specific. 

 Long Distance Transfer of Water- Transfer of water from surplus basins by creating 

storage at appropriate locations and inter-linking various is yet another strategy for 

increasing the benefits considerably. 
 

Box 7: Participatory Aquifer Management a way to resolve Urban & Peri – urban controversial coexistence – a 

case study of Bhuj City – India 
 

Expansion process of Bhuj city has passed through three important events i.e. first, after independence during 1947 

(nation-wide change in ruling system) second, when Municipal system came in existence and third post-earthquake 

where urban development authority has established. All these three development stages reveal how Bhuj city’s local 

geo-hydrological characteristics based traditional water management system has ignored and fetching water from peri 

urban areas have affected land and water resources of both the areas and finally influenced life. Changes in landscape 

and land use has decrease land resources results into scarcity of agriculture and grazing lands for traditional livelihoods 

of peri urban areas. The same has also increased flood threat and over land flow. Water supply from groundwater 

resources from adjoining villages have resulted into depletion in water levels that again increased water scarcity for 

agriculture productivity as well drinking water supply for rural areas. Water level depletion led deterioration in 

groundwater quality has resulted into health issues. In addition, infrastructures like sewage disposal again polluted 

existing water bodies, groundwater and land resources again urban peri urban areas. 

 
 

An integrated approach has been adopted and accordingly techno-social-institutional devices have been worked out for 

inclusion of participatory groundwater management considering its urban-peri-urban linkages. As far as technological 

aspects are concerned, the geo-hydrological assessment of entire project area has held through mapping of aquifer, 

study of water levels and groundwater quality, estimation of overland flow, aquifer properties and water budget. To 

quantify groundwater related problems groundwater monitoring network has established since year 2008 that 

successively periodically revised to study the impact. The findings of this investigation have been utilized for urban – peri 

– urban water management planning and to design demonstrations of specific activities those can help community and 
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Box 8: MARVI – An Innovative Approach for Village Level Groundwater Management 
 

Managing Aquifer Recharge and Sustaining Groundwater Use through Village-level Intervention, MARVI, is a trans- 

disciplinary project commenced in February 2012 and involved a close co-operation among seven core partners( Western 

Sydney University, CSIRO Land &amp; Water, International Water Management Institute, Development Support Centre, 

Arid Communities and Technologies, MaharanaPratap University of Agriculture and Technology, VidyaBhawan 

(KVK),Mekong Region Futures Institute) and two associated partners and collaboration among 30 researchers from a range 

of disciplines and 35 citizen scientists(called BhujalJankaars, BJs) from the two watersheds, viz. the Meghraj watershed in 

Gujarat and the Dharta watershed in Rajasthan. The project is funded by Australian Centre for International Agricultural 

Research (ACIAR). 

The MARVI Project 
 

MARVI, Managing Aquifer Recharge and Sustaining Groundwater Use through Village-level Intervention, project was 

developed to improve the security of irrigation water supplies and enhance livelihood opportunities for rural communities. 

The project focuses on assessing the effectiveness of current rainwater harvesting and recharge structures and demand 

management strategies at village scale. Another important aspect of this project is the involvement of local farmers, 

schools and other stakeholders in the monitoring and management of groundwater at the local level. The study areas for 

this project are the Dharta watershed in the Udaipur district in Rajasthan and the Meghraj watershed in the Aravali district 

in Gujarat. Groundwater is an invisible resource flowing below the surface and there is hardly any control on how much one 

can use. For this reason, its management is quite complex and challenging and so the problem of groundwater is both 

technical and people related. For this reason, there is a need to involve local farmers and other community members for 

successful and sustainable use and management of groundwater. 

The BhujalJankaar Approach 
 

BhujalJankaars (BJs), a Hindi word meaning ‘groundwater informed’, are local volunteers involved in develop village level 

science for community engagement and participatory groundwater management. This unique approach of village level 

engagement was developed in the MARVI project. With appropriate training and capacity building, BJs monitor 

groundwater levels, rainfall, check dam water levels and water quality, making sense from a village perspective of what is 

happening to village groundwater recharge and availability. BJs convey this information to farmers and others in their own 

language and help in the planning and the use of groundwater at the local level. BJs are an effective, trusted and valuable 

interface between village communities and government agencies, NGOs and researchers. 

Key achievements 
 

Capacity building of partners was important as these organizations provided the oversight and initial mentoring of the BJs. 

It was felt that the world-view of their role needed to be a participative and empowering one. This MARVI project also 

represented the first occasion villagers (as represented by the BJs) had connected directly with scientists, and vice-versa. 

Conceptualizing and implementing this BJ programme required a new way of thinking about engaging farmers and other 

village communities to recognize the problem of the worsening groundwater situation. It required an understanding of 

adult learning approaches, as well as a valuing of the BJs as “citizen scientists” who had a role beyond data collection. 
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3.10 Surface Water Management 

3.10.1 Systems Approach 

Water resource systems management is an iterative process of integrated decision-making 

used for sustainable use of water and related lands within a basin and includes the traditional 

activities of water resources engineering: planning, design, maintenance, and operation of 

the water-related infrastructure. It is an approach to support the decision making process 

based on the engineering, natural, social and other sciences. 

Water is not equally distributed in time and space, but the systematic management of water 

resource systems enables a redistribution of water resources in time and space. This is a 

multi-disciplinary task, which requires participation of all stakeholders. The decisions made in 

the present regarding the water resources management shapes the system behavior and 

affects the future state of the system. The information from past can help us forming 

decisions in the present and thus affecting our future. 

Managing water resources is a responsibility of all stakeholders and only through the 

demonstration of these collective responsibilities, water needs are managed in the 

community, like providing safe water by different levels of government. Ignorance and 

carelessness is prevalent today; and being a pivotal element of environment itself, there is a 

need to foment a sense of responsibility towards water resources and their sustenance, 

among humans. 

Today, water resources system are designed and operated to provide multiple functions: 

both to satisfy human needs and to maintain the integrity of environment. The ethos of the 

Water resources system management includes meeting needs of other ecosystem in 

conjunction with the growing human water demand. 

3.10.2 Reservoir System Analysis Model 

Reservoir system analysis models are used for various purposes in variety of settings. 

Models are used in planning studies to help in the formulation and evaluation of 

alternative plans for water related problems, needs allocations etc. Feasibility studies may 

involve proposed construction projects as well as reallocations of storage capacity and 

most importantly, to develop or reevaluate operating policies for existing reservoir 

systems. Execution of models during actual reservoir operations, in support of real-time 

release decisions, is another major area of application. In brief, reservoir system 

management practices and associated modeling and analysis methods involve allocating 

storage capacity and stream flow between multiple uses and users; minimizing the risks 

and consequences of water shortages and flooding; optimizing the beneficial use of 
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water, energy, and land resources; and managing environmental resources. The System is 

defined as any structure or device, including different interactive components (real or 

abstract), that causes an output reference to a specific input in a given time. The common 

characteristics of any system in general and water resources systems specifically can be 

summarized as follows (Karamouz et al. Water Resources Analysis, Lewis publishers, USA,2003): 

All systems have some structure and organization. Systems are all generalizations, 

abstractions, or idealizations of the real world with different levels of complexities. 

Functional and structural relationships exist between components of the system. All 

systems show some degree of integration. Input-output relations and the nature of them 

are important characteristics of systems. Functional relationships reflect both physical and 

social functioning of the system. Physical functioning includes the flow and transfer of 

some material, while social functioning involves social, political, and economic 

preferences. Specifications of systems can be classified as: Inputs, governing physical 

laws, initial and boundary conditions, outputs. Inputs, outputs, and major characteristics 

of the systems are usually defined by variables and parameters. A variable is a system 

characteristic that assumes different values measured at different times. A parameter is 

also a system characteristic, but it normally does not change with time. Different values of 

variables can be viewed as possible states of the nature or as alternative futures. Variables 

or parameters can be classified as: Lumped, which do not change in space. Distributed, 

which vary in one or more space dimensions Memory, which is another important 

characteristic of a system, is the length of time in the past for which the input could have 

an impact on the output. A system may have different levels of memory: Zero memory — 

the state and output depend only on the input in the present time. Finite memory — the 

state, output, and behavior depend only on the history of the system for a specific time 

span (memory). Infinite memory — the state and output depend on the entire history of 

the system. 

Systems are generally classified as deterministic or stochastic. In deterministic systems, the 

same input gives the same output, whereas stochastic systems contain one or more 

elements for which the relationship between input and output is probabilistic rather than 

deterministic. System may be continuous systems in which the output is produced 

continuously, discrete systems where the output changes after finite intervals of time , 

quantized systems where the output values change only at certain discrete intervals of 

time and hold a constant value between these intervals ,natural systems in which thee 

inputs and outputs  and other state variables are measurable and are not controlled 

,devised systems where input may be both controllable and measurable, simple systems 
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where no feedback mechanisms exist in these systems and Complex systems where 

feedback is built into these systems. 

3.10.3 Standard Operating Policy 

A reservoir operating policy is a sequence of release decisions in operational periods 

specified as a function of the state of the system. The state of the system in a period is 

generally defined by the reservoir storage at the beginning of a period (St) and the inflow 

to the reservoir during the period (Qt). Once the operating policy is known, the reservoir 

operation can be simulated in time with a given inflow sequence. A number of 

optimization algorithms have been developed for deriving reservoir operating policies. 

However, the most common policy implemented in practice is the so-called Standard 

Operating Policy (SOP), which itself is not based on or derived from any optimization 

algorithm. (Vedula and Majumdar, 2005) 

The standard operation policy (SOP) aims to best meet the demand in each period based 

on the water availability in that period. It thus uses no foresight on what is likely to be the 

scenario during the future periods in a year. The available water in any period is the sum 

of the storages at the beginning of the period, and the inflow Qt during the period. 

The release made as per the standard operating policy is not necessarily optimum as no 

optimization criterion is used in the release decisions. For highly stressed systems, the 

standard operating policy performs poorly in terms of distributing the deficits across the 

periods in a year. 

With evaporation and seepage losses included, the standard operating policy may be 

expressed as 

Rt = St + Qt –Lt – Stminc 

St+1 = Stminc 

St is the storage at the beginning of the period t, Qt is the inflow during the period t, Lt is 

the evaporation and seepage losses during the period t, Rt s the release during the period 

t, and Stminc is minimum conservation pool level, minimum 10 %( Bennet, 1977). The 

releases obtained from SOP can be optimized using optimization models. 

Optimization models, includes a diverse set of techniques or algorithms. The type of 

solution procedure (or algorithm) most appropriate for any particular constrained 

optimization model depends on the particular mathematical form of the objective 

function and of the constraint equations. Most applications to water resources systems 

analysis involve linear programming (LP) and dynamic programming (DP). Optimization 
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models are formulated in terms of determining values for a set of decision variables that 

will maximize or minimize an objective function subject to constraints. If the objective 

function, as well as the constraints, are linear, then a very efficient procedure called 

“linear programming,” (LP) may be used. These models needs to be optimized for 

ensuring efficient operations of reservoir systems. 
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Figure 4032: Schematic Diagram of Optimization Model 

 

 

 

3.10.4 Sustaining Water Supply for the City (Case Study of Udaipur). 

Traditional method of increasing supply to meet the growing water demand in urban 

areas of India, provided a linear solution(Rabidyuti Biwas, June 2009) which has ultimately 

led to the deterioration of ground and surface sources and thus had placed an enormous 

pressure on the receiving environment (or ecological support base). The supply side 

management approach provides a solution which aims at increasing the availability of 

water for use, but it raise strong competition for water availability, increasing per capita 

water use to meet the need of ever growing population and the problems like 

Urbanization, pollution and shortage of funds. Another approach, which is proving to be 

quite effective in the present time, called demand side management approach, includes 

water harvesting, conservation, recycling of grey-water, etc. and is being applied here to 

provide solution for the case of Udaipur. 

The table below shows the quantity of water that has been withdrawn from Pichhola and 

Fatehsagarlake during the census period 2001-11, as per the Water Resources 

Department record. 
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S.No. 

 
 

Year 

Withdrawl 

Fatehsagar 
(Mcft. per 
Year) 

Pichhola 
(Mcft. per 
Year) 

Fatehsagar 
(MLD) 

Pichhola 
(MLD) 

1 2001 67 159 5.14 12.20 

2 2002 66.875 172.5 5.13 13.21 

3 2003 16.5 192.7 1.27 14.78 

4 2004 20 67.87 1.53 5.21 

5 2005 113.8 218.25 8.73 16.74 

6 2006 251 374 19.25 28.69 

7 2007 392.08 553.68 30.08 42.47 

8 2008 102 220.05 7.82 16.88 

9 2009 153.44 113.07 11.77 8.67 

10 2010 114.55 179.25 8.79 13.75 

11 2011 162.41 193.98 12.46 14.88 

12 2012 668 369.4 51.24 28.34 

13 2013 288.22 358.8 22.11 27.52 

Table 13: Withdrawl from Fatehsagar and Lake Pichola (Source: WRD, Udaipur) 

. 
 
 
 

 

S.No. Year Pichholawithdrawl 

(Mcft. Actual SOP Optimized 

1 2001 159 12.20 6.86 7.03 

2 2002 172.5 13.21 7.60 9.77 

3 2003 192.7 14.78 9.42 7.09 

4 2004 67.87 5.21 1.86 0.00 

5 2005 218.25 16.74 3.75 28.12 

6 2006 374 28.69 3.79 10.29 

7 2007 553.68 42.47 5.78 0.65 
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Actual Release in MLD SOP Release in MLD 

Optimized Release in MLD Release as per Decision Rule 

8 2008 220.05 16.88 4.23 0.00 

9 2009 113.07 8.67 7.09 7.69 

10 2010 179.25 13.75 3.80 24.01 

11 2011 193.98 14.88 5.20 11.74 

Total  2444.35 187.51 59.3846 106.39507 
Table 14: ComparitiveWithdrawl from Pichhola Lake (Source: WRD Udaipur) 

 
 

Figure 38: Comparative Withdrawl for Pichhola Lake (Source: Dr. Anil Mehta, JSS) 

 

 

As evident from the table & figure, the actual withdrawal from Pichhola&Fatehsagar has 

never been arithmetically and optimally derived and was just random. The analysis of 

actual withdrawal, SOP withdrawal, optimal criteria and based on decision rule validates 

the same. The decision rules guarantee that even if there is no yield to the lakes the 8.7 

and 3.6 MLD respectively can be withdrawn from the lakes. That means total of 12 MLD 

sustained supply. For instance, for the Fatehsagar, in the year 2007, the actual withdrawal 

was exorbitantly high if compared with optimal and LDR release criteria. 
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3.10.5 Scenario 1- As usual conventional approach. 

The present rate of supply at 100 lpcd for the population of 5,25,000 amounts to total 

water supply of 52.5 MLD whereas for the designated rate of supply at the rate 135 lpcd 

+ 20% distribution and filtration loses (162 MLD) the demand out to be 84 MLD. Thus, at 

present there is a deficit of 32.5 MLD. Considering the additional average availability from 

interbasin transfer @ 95% dependability there is an increase in the existing total water 

supplied to 82.5 MLD. But still the gap remains at 3 MLD; and also the threat to ecosystem 

remains unaddressed. 

For the year 2031, again considering the rate of water supply to be 100 lpcd the total 

water supply for the projected population 10, 02,000 will come to be 100.2 MLD. The 

demand calculated as per the optimal rate of supply of 162 lpcd there would be a demand 

of about 165.24 MLD. Amounting to the gap of 65 MLD. While adding the availability from 

interbasin transfer scheme at 95% dependability, the total water supply will increase to 

162.9 MLD. Though it is at par but lack the ecosystem approach h threatening the ground 

water reserves and the ecological health of water bodies. 
 

 

 

S. 
NO. 

 
 

Year 

 
 

Population 

Rate 
of 
Supply 
(lpcd) 

 

Present total 
Water Supply 
(MLD) 

Average Availability 
from Interbasin 
Transfer @ 95% 
Dependability 

Total 
Water 
Demand 
@ 162 
lpcd 

 

Deficit 
in 
MLD 

1 2011 525000 100 52.5 30.5 85.05 32.55 

2 2031 1002000 100 100.2 62.7 165.24 65.04 

 

Table 15: Existing Water Supply and Demand Scenario (Source: WRD Udaipur) 

 
Note: Assuming Dewas III and IV will be implemented by the year 2031 

 

 
3.10.6 Scenario 2- IWRM Approach. 

So far, the availability of water is determined on the basis of water resources available 

and to be developed. The reuse of waste water along with rooftop rain water harvesting 

have never been thought as the primary sources of water. Hence there requires a 

paradigm shift in approach towards the water resources. For the sustained and optimum 

water supply to Udaipur city, considering grey water and RWH along with the availability 

as per optimization make the area water surplus and ecologically healthy. 
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The 40% of water supplied is never used for drinking purposes, rather it is used to 

perform domestic chores. The grey-water can replace the water required for toilet 

flushing, because it contains less organic matter and pathogens and is cheaper to treat 

than black water. It is being suggested that the domestic water supply can be reduced to 

up to 30-40 % by treating grey water (Rabidyuti Biwas, June 2009). 

Thus the potential grey water which can be used comes out to be 27.2 MLD and 51, 9 

MLD for the year 2011 and 2031 respectively. Also the Rain water Harvesting Potential 

calculated for year 2011 and 2031 is 24.6 and 72.1 MLD. This in addition to the average 

available from inter-basin transfer and as per decision rule (12.4 MLD) amounts to the 

total supply of 179.6and 361.4 MLD respectively for the year 2011& 2031. 

 

 
3.11 Water Resource Management and Development in Peri Urban Areas 

3.11.1 Background 

Water resource management during urbanization is becoming increasingly problematic in 

the Global South given the rate at which development is occurring. The institutional 

context is relevant for understanding and addressing peri-urban water management 

problems. With regards to water management, institutions exist to facilitate coordination 

over its use and allocation. For example, service providers can use water tariffs, a type of 

rule intended to regulate water usage. In this way, institutions serve a function in society 

by offering guidance during the problem solving process. 

3.11.2 Water Conservation Techniques For Peri-Urban Areas 

Peri-Urban areas have always been surrounded by ecological landscapes ranging from 

mountains to hillocks from forests to valleys. This differentiated pattern of landscape not 

only adds beauty to the ecology but also provides a tremendous measure of conserving 

water resources. The best form conservative technique in context of peri urban landscape 

is watershed management. 

Watershed is that area from which all precipitation flows to a single stream. Synonyms 

are “catchment area” and “drainage basin”. The boundaries of watershed are known as 

drainage divide; precipitation falling on opposite sides of a drainage divide falls into 

different watershed. The part of the precipitation, that falls on a watershed, and 

ultimately gets into the stream is known as runoff and amount of which varies widely 

among different watersheds. The general definition of watershed is “a unit of area which 

covers all land and water areas which contribute runoff to a common point”. A watershed 

may be of only a few hectares or hundreds or thousands of hectares. 
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“Watershed Management” is an integration of technologies within the natural boundaries 

of drainage area for optimum development of land, water and plant resources to meet 

the basic needs of the people in sustained manner, while preserving the ecological 

balance of the area. 

Each watershed has a distinct individuality to various parameters which impart specific 

characteristics to the watershed and define its potentialities and problems. The data on 

size, shape, relief, drainage, geology, soil, climate, surface, condition and land use, ground 

water and socio-economic status of the watershed are required to determine runoff and 

its potential for development as a water resource, soil and moisture conservation 

measures to be adopted, proper land use planning and other development programmes. 

The people and animals constitute the watershed community. 

Principles of Watershed Management 

The main principles of watershed management are: 

 Utilizing the land according to its capability. 

 Maintaining adequate vegetative cover on the soil mainly during rainy seasons for 

controlling erosion. 

 Conserving maximum possible rainwater at the place where it falls. 

 Draining out excess water with a safe velocity and storing it in ponds for future use. 

 Preventing erosion in gullies and increasing ground water recharge by putting 

nallah bunds and gully plugs at suitable intervals. 

 Controlling floods and reducing sediment production. 

 Ensuring ecological balance. 

 Maximizing the combined income form the interrelated crop-livestock-tree-labor 

complex over years. 

 Stabilizing income even under unfavorable weather conditions. 
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4. Sub-Module 4: Urban Flooding & Storm-water Management 
 

4.1 Urban Flood Disaster: 

 

The incidences of severe urban flooding in Indian cities have shown an alarming increase in 

the past decade. In monsoon 2020 alone, severe flooding disruptions were experienced by 

many state capitals such as Dehradun, Hyderabad, Jaipur, Kolkata, Lucknow and Mumbai to 

name a few. Hyderabad witnessed catastrophic flooding after Chennai in 2015 and Mumbai 

in 2005. Rapid urbanization and unregulated development have resulted in a drastic 

reduction in the available water bodies and drainage channels. In addition, increased 

rainfall intensities attributed to global climate change and local urban heat island effects 

have all resulted in an increase in the flood magnitude and volumes leading to chaotic 

conditions in many cities. Storm-water runoff is water that “runs off” across the land 

instead of seeping into the ground. This runoff usually flows into the nearest stream, creek, 

river or lake. The runoff is not treated in any way. An urban flood is simply understood in 

terms of storm-water runoff management failure. Devastating floods in Chennai during 

December 2015, following heavy rainfall and the system failure of entire local civic 

governance and disaster mitigation, signify the practical understanding of storm-water 

drainage in cities. (Kashmir flood of 2014 is no different example, among many others, as 

most cities and towns not only in India, but in Asia, suffer at least partly with urban flooding 

almost yearly.) Bangkok, Dhaka, Islamabad, Delhi, Surat, Bhopal, Hyderabad, Bangalore are 

typically known for having faced urban floods following major flooding episodes in Mumbai. 

Kolkata is known for urban flood as its regular feature, and Gorakhpur in Uttar Pradesh as 

typical example of urban flood’s implications on people’s health and resources. 

 
 
 

4.2 Storm-water Management: Paradigm Shift 

Surface runoff was traditionally considered as undesired water in developed areas, and 

was needed to be diverted as complete and as fast as possible from urban areas. In 

contrary to earlier concepts which considered surface runoff as clean water, the rainwater 

from impervious areas may be polluted with a series of contaminants. Management of 

storm-water quantity for flood prevention was the prime concern until 1970s, especially 

in the developed nations. However, subsequent paradigms on storm-water management 

diversified to include quality, ecosystem health, reuse, integration with urban design etc. 

along with quantity. 
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Emergence of novel storm-water management approaches designed to minimize 

impervious cover and maximize infiltration of rainfall known as Low Impact Development 

(LID) in USA and Water Sensitive Urban Design (WSUD) in Australia, are key examples. 

4.3 Storm-waters – Indian cities and floods 

The large-scale urbanization in India has resulted in generating huge quantity of storm- 

water which is wasted. This water can be harvested or can be used for recharging the 

groundwater. Lack of environmental considerations in city planning and construction has 

led to blocking of natural drainage system and degradation of ecosystems in the cities. 

Managing urban storm-water in developing countries presents huge challenges and the 

consequences of its neglect are severe. Urban flooding has become common in most 

important major cities and towns in India. Many of these also face the challenge of 

disease outbreaks. Thus, decision regarding appropriate and sustainable storm-water 

management is often complex. 
 

Figure 39: Storm-water Management approaches (Source: InFocus, 2020) 

 

 

Thane Municipal Corporation (TMC) has taken up an integrated drainage development 

program with the objective of developing a comprehensive storm-water drainage 

arrangement for systematic disposal of storm-water to avoid water logging and flooding 

in Thane. Mumbai’s drainage system, in the background of the 26th July 2005 severe (994 

mm in 24 h) flooding, has several lessons and the measures being taken up by the city to 

mitigate such floods in the future. The Chitale Committee, a fact finding committee set up 

by the Government of Maharashtra to identify the cause of flood and to recommend 
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measures for the future, (reiterated the causes of the flooding as mainly the inadequate 

drainage system, rapid developments and loss of holding ponds, encroachment by the 

slums over the existing drains and decrease in the coastal mangrove areas). 

Hyderabad, that with scarce fresh water resources, it witnesses heavy floods during 

monsoons. The natural drainage has been affected due to various reasons, leading to 

frequent flooding of low-lying areas. The natural water courses have been illegally 

encroached upon. Land use planning is not concomitant with natural drainage patterns, 

which has led to the illegal encroachment of lakes. Thus, the Environmental Building 

Guidelines for sustainable storm water drainage have been developed to guide the 

stakeholders towards improved drainage management. 

Flood risk reduction and management strategies in urban context with example of the 

Chennai city (Gupta and Nair, 2010) draw attention of land-use planners and disaster 

management experts to integrate their efforts for better and sustainable results. In many 

cities, our sewers have so called a ‘combined-sewer’ system, which means simply pipes 

that carry sewage (waste we produce in our homes, offices, etc.) are combined with those 

that carry dirty storm-water. During very heavy storms, storm-water floods the combined 

sewer system and so as not to overwhelm the wastewater treatment plant, all the mixed 

sewage water (filled with faeces) and the storm-water (filled with garbage) flows directly 

into creeks and streams. 
 

Figure 33: Causes of Urban Flooding (Source: InFocus, 2020) 
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4.4 Storm-Water Principles Concerning Urban Floods 

Most climate change scientists agree (McCormick, 2011) that we are going to see more 

frequent and intense storm and rainfall events along with increased flooding, storm-water 

runoff and soil erosion. The increased runoff and flooding will force planners and storm- 

water specialists to develop strategies to deal with the increased volume and velocity of 

storm-water. 

Storm-water can be managed through storage, infiltration and retention. Many 

metropolitan cities often faces storm-water problems during the rainy season every year 

with heavy rainstorm that could cause flooding and serious damages to the society. To 

tackle this, large investment in drainage and flood control projects have many significant 

socioeconomic benefits. The research findings in other countries indicated that green 

roofs can be an effective tool to help mitigate storm-water problems. The application of 

green roofs in the buildings can delay the starting time of the storm-water runoff and 

reduce the magnitude of peak runoff and the total amount of rainwater discharged from 

the buildings. Also, the roof greening method in urban areas can improve the quality of 

the built environment and provide useful spaces for community functions (Hui and Chu, 

2009). Some of the principles concerning storm-water runoff drainage in the light of 

recent experiences and lessons for sustainable city development are following: 

 Low Impact Development Strategies: Traditionally, storm-water has been dealt 

with use of pipes, curbs, gutters, storm drains and detention ponds. With more 

frequent and intense precipitation events, communities will need to use new 

strategies such as bio retention, vegetated swales, and 

porous/pervious/permeable paving alternatives to supplement traditional storm- 

water conveyance systems. 

 Minimize Impervious Surfaces: Two-thirds of the impervious surfaces comprise of 

roads, highways and parking lots. Guidelines and rules concerning urban planning 

and building/ construction design requirements to reduce imperviousness is a key 

requirement. Increasing our transportation choices reduces the need for more 

pavement. Besides, how to sustainably manage the parking lot and road 

construction strategies to reduce imperviousness is the current concern. 

 Use Smart Growth and Sustainable Growth Strategies: Smart growth strategies 

direct development near existing infrastructure. Locating residential facilities near 

offices and entertainment in downtown and town centers shall reduce the need for 

new infrastructure (roads, streetlights, electric lines, sewers, waterlines, gas lines, 
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etc.). This lowers greenhouse emissions and ultimately lessens the cost of services 

for all communities. 

 Encourage Riparian Buffers and Maintain Flood Plains: Increased precipitation 

events will repeatedly test our mitigation and preparedness to deal with large- 

scale storm-water runoff from flooded areas. Climate change poses uncertainty 

and additional risks to such events and calls to maintain natural flood plains and to 

forbid construction and development in those flood plains. Under certain 

scenarios, flood plains may need to be expanded to encompass more land area 

that will accommodate the increased rainfall events. In addition, riparian buffers 

(vegetated areas) and filter strips along waterways are needed to further slow 

runoff and filter non-point pollutants. Otherwise, increased erosion and increased 

pollution of streams, rivers and lakes would continue to devastate our ecosystems 

and civic resources. 

 Protect and Re-establish Wetlands: Wetlands are becoming increasingly important 

mitigation measure both in drier areas and in high-runoff areas under the climate 

change scenarios. They are highly valued because they have great capacity to hold 

water, recharge groundwater and mitigate water pollutants. Constructed wetlands, 

as well as natural wetlands, have to be valued for these vital functions related to a 

community’s water supply and natural flood protection. 

 Encourage Tree Planting: More and variety of trees should be planted in our 

communities and in the institutional areas with scientific choice of species. Trees 

help manage storm-water by reducing runoff and by mitigating erosion along 

streams and waterways when trees are part of riparian buffers. Other critical 

functions provided by trees include cooling the ‘heat islands’ in urban areas and 

shading pedestrians as they travel on streets and roadways. 

 Promote Landscaping with Native Vegetation: Traditional landscaping includes 

high maintenance turf grass and other non-native species that require vast 

amounts of water during dry periods. In addition, turf grass and nonnative species 

require excess fertilizer and pesticide applications that contribute to non-point 

pollution and runoff. (This further contaminates surface and groundwater 

resources of local communities. Use of native vegetation in landscaping should be 

promoted in cities.) 

 Accelerate the move to Separate, Combined Sewer Overflows: Increased 

frequency and intensity of storm events will result in more combined sewer 

overflows (CSOs) that release additional, untreated sewage into streams and rivers 

across the urban watershed area. Sewage carries with it bacteria, particularly E. 
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coli. Combined sewer overflows are regulated well through a well-tested control 

plan. However, replacement of this type of infrastructure with the new climate 

change forecasts is much more urgent due to the increased potential for 

contamination and urban flooding incidences. 

 Coordinate Planning of Infrastructure, Housing and Transportation: Finally, 

coordination in planning becomes essential as the overall system faces increased 

stress. Land-use planning is closely linked to transportation planning, and both 

have tremendous impact on the environment and natural resources including 

water bodies and aquifers. Our critical resources must be used efficiently as the 

potential of climate change that could cause scarcity, depletion and diminished 

quality of water, land and air for communities in the future is increasing. 

Environmental sound urban planning can prevent some of these problems. 

 

4.5 Roof Top Rain Water Harvesting 

Although receiving around 1100 mm of average annual rainfall a year, about 8% of this is 

stored through a small network of dams and catchment level water conservation 

structures, such as check dams, ponds etc. Moreover, it is very tough now to continue 

building large dam like structures accepting the fact that most of the land has already 

been degraded and strengthening of rules which is getting way more difficult for creating 

huge structures for water conservation. 

Traditionally, Indians have been practicing the water conservation for very long and in 

that one such method is Roof Top Rain Water Harvesting which has been practiced in 

historic times also. 

The structure of Roof Top Rain Water Harvesting System (RWHS) are well adapted to 

lessen the ongoing water crises for local public living in urban areas. This practice is far 

more cheap and reliable than advanced methods in conserving water, also it is having an 

upper hand in storing water on individual use along with public use. Their use and 

advantages should be promoted primarily for the following three main purposes: 

 Adopting the non-potable water needs of households. 

 Minimizing the stress on urban local bodies and their water resources. 

 Recharging the vanishing ground water level and improving its quality through 

dilution. 
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 Depletion of carbon footprint by minimizing unnecessary consumption of high 

energy devices like water motor to pump out water from already stressed ground 

water. 
 

4.5.1 Planning for Roof Top Rain Water Harvesting System 

Planning considerations are generally influenced by the households’ choices as to what 

use they want the stored water to be put up for. Such choices will have implications for 

the design, sizing and layout of the system, including incidental costs of various 

components. For example, water quality concerns will vary for RRWHS designed for 

meeting non-potable needs as compared to those systems designed for artificially 

augmenting ground water recharge through open/defunct bore wells. 

 
4.5.2 Components of RWHS 

(i) Roofs: Existing roof areas are used for collection of rainwater. Terraces, balconies and 

other structures such as barns can also be used for additional collection of rainwater. 

Water quality depends upon the materials used for construction of roofs, nearby 

environment and rainwater. Houses located in dense traffic and industrial setting are 

more prone to emissions and poorer ambient environment quality. It is advisable to use 

galvanized iron sheets or cement for roof construction. Generally, it is advisable that the 

substances used for construction of roofs are non-toxic and chemically inert. The design 

of roof shall be such that it promotes effectual discharge of rainwater into the collecting 

networks of pipes and gutters. 

 

Figure 40: Components of RWHS (Source: Ministry of Jal Shakti) 
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(ii) Gutters: Guttering is provided to collect rainwater and direct it to the downpipe. A 

roof gutter is generally provided a slop of 1 in 150 and is designed half round or ogee- 

shaped. The gutters are planned to capture the heaviest rainfall without risking 

accumulation of water on roof. It is recommended to use concrete with bituminous lining 

ensuring top width is at least twice the diameter of downpipes. Half round PVC, 

galvanized steel, aluminum, and vinyl pipes can also be used for construction. Further, 

planning an efficient system of gutters require considering locations and position of 

outlets and downpipes, bends and roof edges as they can all effect the flow capacity and 

collection efficiency of the entre delivery systems. For example, a gutter with right angle 

bend will see reduction in flow capacity by 25%. On the other hand, less installation 

capacity is required when outlets are installed centrally in the length of the gutter as 

compared to end-outlet. 

(iii) Downpipes/Rainwater pipes: Downpipes or rainwater pipes form a third element of 

RWHS and are to be made of cast iron pipes, asbestos cement pipes, wood, bamboo and 

sheet metal pipes. Pipes should be fixed in vertical alignment secured to the walls. A wire 

mesh filter is provided at the inlet to prevent the encroachment of debris, leaves, dirt, etc 

(iv) First Flush System: First rainfall collects debris from roof surfaces whose usage may 

not be safe from health perspective and also for recharging aquifer system. To avoid this, 

a first flush system is devised whereby this contaminated water is diverted away from the 

storage tank inlet. In a manual system, a gat valve is installed at the end of the downpipe 

which moves first rainwater away from the storage tank inlet. All though cost effective, 

this however requires a person operating the system during the entire event of first 

rainfall. On the other hand, complex first flush systems such as tipping gutters or a 

floating ball system are more elegant and easy to operate but have higher installation and 

maintenance costs associated with them. 

(v) Filtration system: Number of treatment systems are available to treat the rainwater 

before, during and after storage. However, for collecting rooftop runoff, no costly system 

of filter is required and simple silt/leaves trap and/or first flush diverter is sufficient. In 

case collected water is used for recharging ground water, then it is important that care is 

taken to treat the water before letting it enter the aquifer system. Trash racks, sand filters 

and sediment/settling chambers are some of the commonly used filtration units for this 

purpose. Their choice depends on installation and maintenance costs, availability of space 

and materials. For sedimentation chambers, any tank with adequate storage capacity can 

work as a settling chamber. Settling chamber permits suspended particles to settle at the 

bottom of the tank before the water is stored in the storage tank. This tank can also be 
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used as a buffer to store excess rainfall. For sand filters, the rate of inflow should be lower 

than the rate at which water percolates through sand. Otherwise, the system will 

overflow. 

(vi) Storage Tank: Storage tanks are installed to store rainwater for various uses. They 

come in different sizes ranging from 2 m3 to 200m3.With availability and cost of materials 

for construction and space for installation playing a key role in influencing the choice of 

owners. Tanks are either installed above ground or below ground. While fixing tank 

underground, care should be taken to ensure no sewage or wastewater enters the tank. 

Moreover, while siting the underground tank, it should be located at least 10m - 15m 

away from the area where treated wastewater is applied. Water from other sources 

should not be emptied into the tank, and tanks should be protected from direct sunlight 

by a tight fighting cap/manhole. 

(vii) Overflow and outlet pipes: Every tank is fitted with pipes to a) drain off the excess 

water from tanks into a nearby pit, plant or recharge wells, depending on which is 

available; and b) access stored water via taps or pumping arrangements (mechanical or 

manual) for personal use. 

(vii) Artificial Groundwater Recharge structures: Water collected from roof surfaces may 

be used to recharge underlying ground water table where underlain strata is suitable for 

recharge. A key consideration is that the water level should be below 5 meter below 

ground level, otherwise recharging arrangements will increase threats of water logging in 

the area. Following methods are commonly deployed, viz. a) Recharge Pits: These are 

constructed with sufficient depth to penetrate the low-permeability layer overlaying 

unconfined aquifers. These pits are planned for smaller roof areas (around 100 sq. 

meters) for recharging shallow aquifers. A filter media is usually recommended for 

removing any silted position which may reduce infiltration capacity; b) Recharge Shafts: 

Recharge shafts are planned to recharge phreatic aquifers (where water level is 

comparatively deep) overlain by low permeability strata; c) Existing dug wells or tube 

wells are also used to directly recharge groundwater after cleaning and desilting, 

wherever required. Storage tank overflow and/or water from settlement chambers is 

guided through a connecting pipe to the bottom of the well or below the water level to 

avoid scouring of bottom; and d) Recharge/injection Wells: These structures are built to 

recharge deeper aquifers by water supply under pressure. They are most suited where 

land is scarce and the aquifer is overlain by a considerably thick impermeable formation. 

Additionally, care should be taken by the owners to maintain the quality of water 

recharging the ground water by installing adequate filtering units and practicing 
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Box 9: New Modular Rain Water Harvesting System 

 Five (5) Side Percolation 

 Easily can withstand Fire Tender load. 

 Stainless Steel long life filter in Polymer Housing. 

 Takes 20% construction time in comparison with Civil Structure & just 5% Cost in 

maintenance of the structure 

 Structure can start with 2 cubic meter and done up to 500 cum or even more. 

appropriate maintenance for further details, user may refer to the manual on artificial 

recharge of groundwater prepared by Central Ground Water Board in 2007. Moreover 

Central Public Works Department and Central Ground Water Board have developed and 

are promoting the use of modular Rain water harvesting systems. Readers are 

encouraged to further look into design suitability for adoption of the same. Some benefits 
 

and pictures are explained in the box 9 below: 
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Box 10: Urban Flooding Management 
 

The incidences of severe urban flooding in Indian cities has shown an alarming increase in the past decade. In 

monsoon 2020 alone, severe flooding disruptions were experienced by many state capitals such as Dehradun, 

Hyderabad, Jaipur, Kolkata, Lucknow and Mumbai to name a few. Hyderabad witnessed catastrophic flooding after 

Chennai in 2015 and Mumbai in 2005. Rapid urbanization and unregulated development have resulted in a drastic 

reduction in the available water bodies and drainage channels. In addition, increased rainfall intensities attributed to 

global climate change and local urban heat island effects have all resulted in an increase in the flood magnitude and 

volumes leading to chaotic conditions in many cities. 

Conventional solutions such as increasing the size of the storm water conduits or providing alternate drainage paths 

are no longer possible due to space restrictions, possible disruptions during the construction phase and may therefore 

be uneconomical to implement. There is therefore a need to consider non-structural and structural measures within 

the existing boundary conditions. 

Non-structural measures could be in the form of an early warning system which makes use of a combination of 

Doppler weather radar, ground based automatic weather stations and ultrasonic flow gages providing real-time 

updates at every 15 minute intervals. Such a system has already been implemented in Mumbai after the 2005 mega 

floods and the updates are available in real time (http://dm.mcgm.gov.in/livefullpage). 

Structural measures can be provided to attenuate the flows upstream of the flooding areas by means of suitable 

interventions such as roof top storage and green roofs, infiltration trenches, porous pavements, rainwater harvesting 

at roof, ground or underground levels. Reductions of up to 43% have been observed by providing 1000-liter polymer 

storage tanks. 

Detention ponds constructed along urban drainage systems to provide temporary storage for upstream storm water 

peak flows with controlled outlet are an efficient way of reducing downstream peak flows. Two detention ponds have 

been constructed on the Mithi River in Mumbai after the 2005 floods which have provided relief to downstream 

inhabitants. In extreme situations where surface storage in not possible, then underground storage tanks have been 

constructed, for example in Japan, Hong Kong and Spain. The Tai Hang Tung Storm water Storage Tank in Hong Kong is 

roughly the size of a football field with a capacity of 100,000 m 3 . 

To summarize sustainable urban drainage practices should be part of drainage master plan with catchment as the unit 

of planning. With innovative planning, the practitioners can identify locations for source control, on-site detention and 

in-line detention. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://dm.mcgm.gov.in/livefullpage)
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Sub-Module 5: Waste Water Treatment and Management 
 

5.1 Wastewater 

When physical, chemical or biological properties of water change due to presence of 

certain unwanted substances which makes the water unsuitable for any use, the water is 

called Wastewater. This is also called as used water as it is generated after use of fresh 

water in agriculture, industries, households and commercial settlements. The used water 

shows characteristics as per the process in which it is used. 

5.2 Necessity Of Wastewater Treatment 

Water, though a renewable natural resource is depleting day by day. The speed of 

urbanization and ever increasing demand by the increasing population will lead to 40% 

gap in demand and supply of fresh water all over the world by the year 2030. Many 

countries in the world are dealing with the severe issues of water safety and paucity. 54% 

population of India is water stressed and the improper management of existing resources 

is forcing water scarcity also. The fresh water used for different activities like domestic, 

industrial or agricultural gets contaminated and when discharged into the surrounding 

environment reaches the low line areas which are generally fresh water bodies like rivers, 

lakes or ponds. This results in polluting the fresh water resources which are already 

declined. Not only surface freshwater bodies but wastewater discharged as is will 

contaminate the ground water also which is the most precious water resources in water 

sustainability. 

The used water from different human activities contains many soluble and insoluble 

contaminants which are harmful to the ecosystem of water as well as soil when it is 

discharged in the surrounding. The hidden impact on the environment is increased 

greenhouse emissions. Another impact is on the health. The sewage water contains 

pathogenic microorganisms like bacteria, viruses, protozoa and parasitic worms. If not 

treated properly and used for irrigation, the wastewater creates bioaccumulation of 

hazardous substances in the food chain which also has severe health impacts. 

The components of used water are misplaced resources. When these contaminants are 

properly removed or degraded, and transferred to a natural bio-geo-chemical cycle, the 

used water can be recycled in the same process or reused for different purposes 

depending on the treatment scale. 
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5.3 Wastewater; A Potential Source of Urban Water 

Integrated water management is the key of sustainable development. Wastewater is a 

source of water in integrated approach. 

Wastewater can effectively bring water security in the domestic, industrial and 

agricultural uses of water. It will be more sustainable and reliable water supply. If 

properly treated, it can bring a lot of economic benefits in food, agriculture and tourism 

sectors. For the fast growing urban cities, the dependency on distant source will be 

reduced drastically by recycling the treated wastewater. The treated water when used for 

different ecosystem services will reduce the fresh water demand which in turn will help in 

protecting and conserving the fresh water ecosystems. 

The treated wastewater is a source of energy and nutrients which is very beneficial for the 

living plants. Recycling and reusing these nutrients will increase the resource efficiency. 

The wastewater from industries, households, commercial complexes, storm water runoff 

can be treated with proper method and recycled or reused. The reuse of effluent provides 

financial, environmental, economic, and social benefits such as 

 Increase in available water resources; 

 More rational allocation of freshwater resources and their conservation; 

 Potential reduction in pollutants to be discharged into freshwaters; 

 Rational use of the nutrient content in the treated wastewater; 

 Guarantee of regular water supply especially in water scarce areas (i.e., farmers 

have access to water for restricted irrigation, even in times of drought) (Lallana et 

al., 2001; UNEP-GEC-2005). 

5.4 Understanding Wastewater Parameter 

Wastewater is a byproduct of domestic, industrial, commercial or agriculture activities. 

The composition of wastewater is 99.9% water and 0.1% impurities like organic matter, 

microorganisms and inorganic compounds (water &wastes digest magazine). Wastewater 

contains a number of pollutants and contaminants, including: 

a) Nitrogen & Phosphorus: In domestic sewage the nitrogen is present as organic 

nitrogen and Phosphorus is usually present in orthophosphate, polyphosphate and 

organic phosphate forms. These elements play major role in algal growth and 

eutrophication of water body. 

b) Microbial Contamination: Bacterial parameters, such as Fecal Coliform (FC), which 

serve as indicators of fecal pollution are very important for human health. When 

any water body is receiving domestic sewage, then the water might be having 
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different human pathogens discharged by ill persons or carriers of different 

diseases. If such water is used by domestic as well as agricultural activities, chances 

of spreading diseases increase. Each person discharges about 100 to 400 billion 

coliform bacteria per day. Presence of coliform organisms is taken as an indication 

of presence of pathogenic organisms. 

c) Heavy metals (e.g. cadmium, chromium, copper, mercury, nickel, lead and zinc) 

d) Organic Pollutants: Commonly measured in terms of COD and BOD, the organic 

pollutants are major contaminants of polluted water body. Proteins, carbohydrates 

and fats are the representative organic components of polluted water. More the 

concentration of organic matter, more the use of oxygen to degrade it, which 

makes the water body oxygen deplete. 

e) Inorganic Pollutants: This includes substances such as sodium, bicarbonates, 

chlorides, sulfates, calcium, and potassium, as well as others. Among those that 

have a potential utility through measurement are chlorides and sulfates. 

f) Micro-pollutants: (e.g. medicines, cosmetics, cleaning agents) Ever increasing load 

of micro-pollutants in our surface water bodies is destroying the whole ecosystem 

of the water body by inducing ecological toxicity to the water. 

g) Suspended Solids: Suspended solids represent that fraction of total solids in any 

wastewater that can be settled gravitationally. Suspended solids can further be 

classified into organic (volatile) and inorganic (fixed) fractions. Organic matter is 

present in the form of either settle able form or non-settle able (dissolved or 

colloidal) form. If the organic fraction of suspended solids present in sewage is 

discharged untreated into streams, it leads to sludge deposits and subsequently to 

anaerobic conditions. 

h) Dissolved Oxygen: Dissolved oxygen, as such, does not have any significance as 

sewage characteristics. However, it is the most important pollution assessment 

parameter of the receiving water bodies. Stabilization of organic matter, when 

discharged untreated or partially treated in receiving waters, leads to depletion of 

their dissolved oxygen. 

5.5 CPCB Parameters of wastewater treatment 

 
Designated Best Use Class Criteria  

Drinking Water Source 
without conventional 
treatment but after 
disinfection 

A 1. Total Coliforms Organism MPN/100ml shall 
be 50 or less 

2. pH between 6.5 and 8.5 
3. Dissolved Oxygen 6mg/l or more 
4. Biochemical Oxygen Demand 5 days 20 °C, 
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  2mg/l or less 

Outdoor bathing 
(Organized) 

B 1. Total Coliforms Organism MPN/100ml shall 
be 500 or less 

2. pH between 6.5 and 8.5 
3. Dissolved Oxygen 5mg/l or more 
4. Biochemical Oxygen Demand 5 days 20 °C, 
3mg/l or less 

Drinking water source 
after conventional 
treatment and 
disinfection 

C 1. Total Coliforms Organism MPN/100ml shall 
be 5000 or less 
2. pH between 6 and 9 
3. Dissolved Oxygen 4mg/l or more 
4. Biochemical Oxygen Demand 5 days 20 °C, 
3mg/l or less 

Propagation of Wild life 
and Fisheries 

D 1. pH between 6.5 and 8.5 
2. Dissolved Oxygen 4mg/l or more 
3. Free Ammonia (as N) 
4. Biochemical Oxygen Demand 5 days 20 °C, 
2mg/l or less 

Irrigation, Industrial 
Cooling, Controlled 
Waste disposal 

E 1. pH between 6.0 and 8.5 
2. Electrical Conductivity at 25 °C micro 
mhos/cm, maximum 2250 
3. Sodium absorption Ratio Max. 26 
4. Boron Max. 2mg/l 

 Below-E Not meeting any of the A, B, C, D & E criteria 
Table 16: Parameters of Wastewater Treatment (Source: SERI) 

 

 

5.5 Present status of wastewater treatment 

The urbanization and industrialization has improved the living conditions and increased 

the fresh water demand by many folds not only in India but all over the world. This used 

water of anthropogenic and agricultural activities need proper treatment before it is 

discharged in the environment again. As per one UNEP report 2010, two billion tons of 

human and animal waste and industrial pollution are dumped into waterways every day 

around the world. These toxins are finding their way into plants and animals from the 

water causing severe ecological toxicity at various tropic levels. In the developing cities, it 

is estimated that more than 90 percent of sewage is discharged directly into rivers, lakes, 

and coastal waters without treatment of any kind (www.nyop.unep.org; www.unep.or.jp). 

Over two billion people are expected to live in metropolises, mega-cities of developing 

countries leading to aggravation of problems of river and lake pollution. In most of the 
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developing countries governments are fighting to eliminate fecal contamination from 

rivers and lakes which are sources of drinking water for poor communities. 

5.5.1 Sewage Treatment Capacity 

Conventionally sewage from any city or town is collected at central low line area through 

sewer system and is treated at one place which is called as centralized sewage treatment 

plant. 

CPCB had reported in 2005 that existing treatment capacity for domestic waste water was 

18.6 % of sewage generated. But the capacity utilization of existing sewage treatment 

plants is around 72.2%. This shows that less than 14% sewage was treated. CPCB has 

stated that, “This clearly indicates dismal position of sewage treatment, which is the main 

cause of pollution of rivers and lakes. 

During 2015, the estimated sewage generation in the country was 61754 Million Liters per 

Day (MLD) as against the developed sewage treatment capacity of 22963 MLD (CPCB, 

2016). There is a big gap between waste water generated and treatment capacity 

available, for domestic waste water and for industrial wastewater, mainly generated from 

small-scale industries. 

The CPCB bulletin dated July 2016 said “Because of the gap in sewage treatment capacity, 

about 38791 MLD of untreated sewage (62% of the total sewage) is discharged directly 

into nearby water bodies”. 

5.6 Different Waste Water Treatment Technologies and Comparison 

Wastewater is a potential source of urban water. The depletion of fresh water resources 

and pollution of fresh water bodies due to ingress of polluted water is indicating the 

critical need to treat the wastewater and reuse or recycle the treated water. The main 

objective of wastewater treatment is to remove various contaminants such as suspended 

solids, organic carbon, nutrients, inorganic salts, heavy metals, pathogens so as to provide 

the protection to human and ecosystem health 

The need to treat the wastewater has come up with different treatment technologies. 

One can see up gradations in wastewater treatment technologies over a time period. Each 

technology has some advantages as well as disadvantages. The adoptability as per site 

specific needs make the technology successful. 

a) Activated Sludge Process: The activated sludge process is very widely used for 

biological wastewater treatment. The first component is preliminary treatment, 

the primary clarifier, an aeration tank. The secondary clarifier. Activated sludge 

treatment systems typically have larger space requirements and generate large 
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amounts of sludge, with associated disposal costs, but capital and maintenance 

costs are relatively low, compared to other options. 

b) Fixed Bed Bio Reactor (FBBR): The Fluidized Bed Biofilm Reactor (FBBR) is a recent 

process innovation in wastewater treatment, which utilizes small, fluidized media 

for cell immobilization and retention. Main application of the fluidized bed biofilm 

reactor is in the field of biological treatment of wastewater. Aerobic as well as 

anaerobic fluidized bed biofilm reactors (FBBRs) have received increasing attention 

for being an effective technology to treat water and wastewater. 

c) Trickling filter: The trickling filter is an aerobic treatment system that utilizes 

microorganisms attached to a medium to remove organic matter from wastewater. 

Trickling filters enable organic material in the wastewater to be absorbed by a 

population of microorganisms (aerobic, anaerobic, and facultative bacteria, fungi, 

algae, and protozoa) attached to the medium as a biological film or slime layer. 

d) Constructed Wetland: Constructed wetlands treat the sewage water using highly 

effective and ecologically sound, design principles that use plants, microbes, 

sunlight and gravity to transform wastewater into gardens and reusable water. The 

water treatment mechanisms are biological, chemical and physical, these include 

physical filtration and sedimentation, biological uptake, transformation of nutrients 

by bacteria that are anaerobic (bacteria that flourish in the absence of oxygen) and 

aerobic (oxygen-needing bacteria), plant roots and metabolism, as well as chemical 

processes (precipitation, absorption and decomposition) that purify and treat the 

wastewater. 

e) Solvent Extraction: Solvent extraction is a common form of chemical extraction 

using organic solvent as the extractant. It is commonly used in combination with 

other technologies, such as solidification/stabilization, incineration, or soil washing, 

depending upon site-specific conditions. Solvent extraction also can be used as a 

standalone technology in some instances. Organically bound metals can be 

extracted along with the target organic contaminants, thereby creating residuals 

with special handling requirements. Traces of solvent may remain within the 

treated soil matrix, so the toxicity of the solvent is an important consideration. 

f) Dissolved Air Floatation: Dissolved air flotation (DAF) is a water treatment process 

that clarifies wastewaters (or other waters) by the removal of suspended matter 

such as oil or solids. The removal is achieved by dissolving air in the water or 

wastewater under pressure and then releasing the air at atmospheric pressure in a 
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flotation tank basin. The released air forms tiny bubbles which adhere to the 

suspended matter causing the suspended matter to float to the surface of the 

water where it may then be removed by a skimming device. 

g) Rotating Biological Reactor: A Rotating Biological Contactor (RBC) is a secondary 

biological treatment process which utilizes a rotating shaft surrounded by plastic 

media discs. RBCs utilize a fixed film media system similar to a trickling filter. 

h) Anaerobic Lagoons: An anaerobic lagoon is a deep impoundment, essentially free 

of dissolved oxygen which promotes anaerobic conditions. The process typically 

takes place in deep earthen basins, and such ponds are used as anaerobic 

pretreatment systems. Anaerobic lagoons are not aerated, heated, or mixed. The 

typical depth of an aerated lagoon is greater than eight feet, with greater depths 

preferred. Such depths minimize the effects of oxygen diffusion from the surface, 

allowing anaerobic conditions to prevail. 

i) Hydroclones: It is a mechanical device to separate particles in a liquid suspension 

based on the ratio of their centrifuge fluid resistance. This ratio is high for dense 

and coarse particles, and low for fine particles. Hydrocyclone is suitable for 

application in the separation of liquids of different densities. 

j) Ion Exchange Process: Ion exchange can be a process of purification, separation 

and decontamination of aqueous or ion containing solution. Ion exchange resins 

are used in wastewater treatment process plants to interchange one ion with 

another to fulfill the purpose of demineralization. 

5.7 Eco-technology, A Sustainable Way to Treat Water 

Eco-technology is an applied knowledge and skill that searches for accomplishing human 

needs with minimal ecological disruption, by binding and subtly maneuvering natural 

forces to leverage their beneficial effects. It integrates two complimentary fields of study 

the 'ecology of techniques' and the 'techniques of ecology,' Eco-technology is essentially 

the discipline of sustainable development. Ecological engineering practices can facilitate 

restoration and preservation of the environment health for the survival, development and 

economy of society through the integration of engineering and ecological principles. An 

ecologically sound approach to engineering considers that nature responds thoroughly, 

constantly and cumulatively. Eco-technology operates within the borders of ecosystem 

rather than infringing on or contravening or overcoming it. Eco-technology has the 

essence of the progression of collective intelligence from the beginning of life on the 

earth 3.5 billion years ago to the present with proven expression of multi-species 
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intelligence. Solutions should be supple and magnanimous as possible, thus keeping away 

drastic and irreversible consequences when something goes wrong, unexpected happens. 

Hence, it is imperative to obtain knowledge and understanding about the structure and 

functioning of ecosystems and their particular susceptibilities. Ecological engineering and 

eco-technologies are dependent on the self -designing abilities of ecosystems and natural 

forces. When changes occur in the natural systems due to external inputs, biogeochemical 

cycles and food chains are reorganized and balanced. Certain species are preferred to 

adapt to the changes. A new dynamic order eventually is emerged suitable to the 

environmental changes superimposed on it. Thus the ecological engineering and eco- 

technologies are distinguished from conventional engineering technology owing to focus 

on, and use of, biological species, communities, and ecosystems. All growing cities need 

cost effective and less energy intensive treatment methodology to control their pollution 

emanating from point and non-point sources. The eco-technological treatment systems 

vertical filtration systems for point sources and horizontal filtration systems promise the 

result with minimal electricity as compared to conventional aerobic or anaerobic 

treatment systems. 

5.7.1 Living systems in ecological approach 

It is a three prong action – detritus feeding organisms consume the pollutants because it 

is a nutrient for them. Secondly wastes generated from this process are useful for green 

plants and thirdly, the green plants absorb carbon dioxide from the atmosphere. Thus, the 

pollutants get transferred to natural cycle’s i. e. biogeochemical cycles of carbon and 

other elements. Carbon gets stored in vegetation and subsequently in the soil. Plants 

store carbon in the forms of live biomass. Once they die, the biomass becomes a part of 

the food chain again and eventually enters the soil as soil carbon. This is a natural process 

which doesn’t need electricity at all. Hence, the eco-technologies – using ecological 

engineering principles to treat pollution – have incalculable advantage over energy 

intensive technologies. The role of vegetation in carbon deposition is the suitable option 

which offers the potential in human systems to function as a carbon sink. 

5.7.2 Ecological Engineering 

Engineering applications of ecological principles and succession of biological communities 

is very useful to consume organic and inorganic pollutants from the water and bio convert 

them into non-toxic form. The consortia of organisms at different trophic levels utilize 

pollutants as nutrients. These eco-transformations, eco-conversions and degradation or 

bio-utilization of pollutants nutrients are the part of ecological cycles - biogeochemical 

cycles. The attempt has been made to apply natural flora and fauna in well-designed 
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manner to develop technologies like Green Bridge, Green Lake Eco-Systems, Green 

channel, biox (biological oxidation) and Stream Eco-Systems. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Application of Eco technological treatment systems 

 It can be applied to any size of the stream from 0.001 MLD to 200 MLD. 

 It can be used on any type of terrain or in geographical conditions, urban and rural 

areas. 

 The pollution load can be in the range of COD – 300 – 100000 mg / L and BOD 200 

– 60000 mg 

5.7.3 Available Eco technologies 

 Soil Scape filter: For point sources of pollution (e.g. houses, hotels, townships, 

industries, etc.) 

Soil scape process is an eco-technological treatment involving the filtration of 

wastewater through the biologically activated soil filtration medium supported by 

sand and gravel. It harnesses the process ecological principles of biodegradation, 

2 
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Energy Requirement 

 
3 

1 
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biotransformation and bioconversion at various tropic levels occurring in detritus 

food chain by treating, transforming and detoxifying the pollutants using solar 

energy. The bio-fertilizer and treated water are the products of this process. The 

process is developed through the rigorous activity of soil organisms like bacteria, 

actinomycetes, fungi, protozoa’s, earthworms, nematodes, arthropods, mollusks 

etc. This soil environment is influenced by the growth of algae and macrophytes. In 

Soil scape filter combination of green plants and bacterial culture is used to 

remove organic matter and pollution. Soil scape filtration is vertical Eco filtration 

system of water or wastewater through the layers of bio-active (i.e. biologically 

activated) soil - ORGANOTREAT® - developed from non-toxic and non-hazardous 

wastes and fragmented rock materials below which give purified water in the form 

of groundwater. As the wastewater passes through the layers of biologically 

activated filtration medium the pollutants are absorbed and degraded. This 

biodegradation process releases nutrients in simple forms which can be easily 

absorbed by plant for their growth. So there is no production of any kind of sludge 

in this treatment system. Biodegradable solids will be degraded into these filter 

units. In this filtration system, the biodegradable organic matter from waste water 

(BOD/TSS/colour) will be consumed by bacteria present in the specialized top layer 

of the filter. This biodegradation process releases nutrients in simple forms which 

can be absorbed by plant for their growth. So there is no production of any kind of 

sludge in this treatment system. Treated water shall be collected into treated 

water sump which is directly used for gardening purpose or after passing through 

sand & carbon filter it is used for flushing, car washing purposes etc. After periodic 

interval, the growing plants on the bed of soil scape filter can be cut and these 

plant cuttings can be compost to form manure. 

Advantages of Soil Scape filter 

 Natural, eco-friendly system using plants and bacteria. 

 No Electricity involved in the treatment process; if gravity advantage is not 

available, then minimal electricity requirement only for pumping of water if 

required. The electricity savings will be more than 90% as compared to 

conventional aerobic treatment system. 

 No chemicals involved anywhere in the treatment process; the only condition is 

that the wastewater fed to the filtration unit has to be neutral. 

 Maintenance free, odourless process 

 No breakdown since almost all components are natural systems 
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 Stabilization of the process takes only a 

few days 

 No nuisance of mosquitoes and other 

insects 

 Value addition to beautiful landscape - the 

flowering plants enhance the aesthetics of 

the surroundings. 

 Treated water available for reuse 

 Advanced ecological cost-effective technology as compared to Mechanical, energy- 

intensive, sophisticated conventional technologies 

 Man-power requirement – hardly one hour per day to operate pumps or to cut 

densely grown plants. 

In the absence of wastewater inputs, the system only needs to be watered daily for the 

survival of the plants. This is very much unlike the Root zone technology, wherein the 

requirement of continuous wastewater supply is mandatory for survival of the system. 

 Green Bridge : For non-point sources of 

pollution ( e.g, streams, rivers, lakes) 

It is Horizontal filtration of wastewater 

through the layers of biologically activated 

filtration medium which absorbs pollution. 

Green Bridge technology uses filtration 

power of biologically originated cellulosic / 

fibrous material in combination with sand 

and gravels and root systems of green plants. It’s an innovative approach to 

minimize the cost of pollution treatment when the cellulosic / fibrous materials like 

coconut coir or dried water hyacinth or aquatic grasses are compacted and woven 

to form a bridge / porous wall like structure strengthened by stones and sand. All 

the floatable and suspended solids are trapped in this biological bridge and the 

turbidity of flowing water is reduced substantially. The green plants will be growing 

their help in absorption of soluble substances including heavy metals. 

 Green lake : For non-point sources of pollution ( e,g, streams, rivers, lakes) 

Green Lake system uses floating, submerged or emergent aquatic plant species. 

These can be termed as macrophyte ponds also. Macrophytes are capable to 

absorb large amounts of inorganic nutrients such as N and P, and heavy metals 

such as Cd, Cu, Hg and Zn etc. and to engineer the growth microbes to facilitate the 
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degradation of organic matter and toxicants. Green plants detoxify the pollutants 

and make them suitable for other organisms. 

 

 
 Hydrasch Succession Pond: For point sources of 

pollution (e.g. houses, hotels, townships, 

industries, etc.) 

It is an application of ecological succession of 

aquatic plants depending on characteristics of 

incoming effluents. Various green plants including 

invasive species are successfully employed in these 

phytofiltration and phytoremediation processes with Eco remediation to treat 

organic and inorganic pollution. It is open water system, confined by rooting plants, 

surface covered by floating plants. In this system various food chains flourish 

controlled by concentration of incoming nutrients. 

 Stream Ecosystem: For non-point sources of pollution ( e,g, streams, rivers, 

lakes)It involves the use of the natural slopes of the polluted drains, beds, banks of 

streams or pond to enhance the aerobic activity in water by generating turbulence 

and providing shallow depths to allow sun – 

light to reach the bottom. This is the simulation 

of the stream flow in the wilderness. It ensures 

the free flowing water splashed by stones and 

cascades. It is observed that the dissolved 

oxygen in the water increases multifold – in 

some already installed systems it is observed 

that this increase is upto 90 – 120 times i.e. (from 0.1 to 8 – 12 ppm). 

 Phytofiltration and BioxProces: For point sources of pollution (e.g. houses, hotels, 

townships, industries, etc.)It involves the use of plant fibres, roots to remove 

suspended solids from wastewater effectively in a well-designed tank. In this 

technique normally, the floating plants are used to facilitate the removal of solids 

by bio sorption methods. Biological oxygenation process is defined as the transfer 

and dissolution of oxygen with the help of certain green plants and algae. It has 

been observed that in the unpolluted mountain streams the oxygen content in the 

water rises up to 19 ppm. The effect can be achieved in polluted drains using 

certain algal species in combination with stream ecosystem techniques 
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5.7.4 Comparison with other technologies 

N 
o. 

Particulars BAF TF ASP MBR SBR Root zone 
Technique 

Soil Scape 
Filter 

Phytorid 
technolog 
y 

1 Wastewater Source Point 
Source 

Point 
Sources 

Point 
Sources 

Point 
Sources 

Point 
Sources 

Point 
Sources 

Point 
Sources 

Point 
source 

2 Application For For For For For For For For 
  domestic domestic domestic domestic domestic domestic domestic domestic 
  and and and and and and and wastewat 
  industrial industrial industrial industrial industrial industrial industrial ers only 
  wastewat wastewat wastewater wastewater wastewate wastewate wastewate  

  ers ers s containing s rs rs rs, even  

  containing containing nontoxic containing containing containing for  

  nontoxic nontoxic organic nontoxic nontoxic nontoxic wastewate  

  organic organic matter only organic organic organic r  

  matter matter  matter only matter matter containing  

  only only   only only toxic  

        organic  

        and  

        inorganic  

        pollutants.  
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3 Ancillary units Equalizati 
on tank, 
neutralizat 
ion tank, 
primary 
settling, 
aerated 
filter and 
secondary 
settling 
tanks 

primary 
settling, 
Trickling 
filter and 
secondary 
settling 
tanks 

4 units 
Requireme 
nt of 
equalization 
tank, 
neutralizati 
on, primary 
settling and 
secondary 
settling 
tanks. 

Neutralizati 
on tank, 
Primary 
clarifier, 
Aeration 
Tanks & 
Membrane 
Reactor, 
Sludge 
Dying Bed 

One tank, 
it is Fill & 
draw 
system in 
which all 
process 
carried 
out 
sequentiall 
y in same 
tank. 

Properly 
designed 
treatment 
tank, 
Graded 
filling 
material, 
Acclimatiz 
ed, 
aerobic, 
anaerobic 
& 
facultative 
Bacteria, 
Acclimatiz 
ed & 
selected 
indigenous 
plants. 

One unit 
only 
requireme 
nt is of 
neutralizat 
ion if the 
pH of 
wastewate 
r is not in 
the range 
of 6.5 - 8.5 

Properly 
designed 
screening 
tank, 
primary 
Settling 
chamber, 
phytorid 
bed & 
selected 
indigenou 
s plants. 

4 Machinery Pumps, 
blowers 

Pumps Pumps, 
blowers, 
clarifiers 

Pumps, 
blowers 

Pumps, 
blowers 

Pumps (If gravity) 
nil 

Pumps 

5 Noise pollution Very loud 
>120 dBA 

Loud >70 
dBA 

Very loud 
>120 dBA 

Very loud 
>120 dBA 

Very loud 
>120 dBA 

Loud >70 
dBA 

0 Loud >70 
dBA 

6 Space footprint imperviou 
s 

imperviou 
s 

impervious impervious imperviou 
s 

landscapin 
g 

landscapin 
g 

landscapin 
g 

7 Aesthetics Concrete 

look 

Concrete 

design 

Concrete 
look 

 Concrete 
look 

Green look Green look Green 
look 
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5-8 
 
 
 
 
 
 
 
 
 
 

85-95% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

8 Hydraulic loading 
m3/m2.d 

1 - 20 1 -10 1 - 3 12 - 14 -- 0.06 – 
0.25 

1 - 2 0.2 

 H9RT (h) HRT (h) 1.3 1.3 - - 4-8 4 - 8 2-5 2 - 5 9-30 9-30 5-10 5- 10Nil Ni5l-8 

10 Organic 

loading 

(COD/BOD) 

Kg/ m3.d 

1.5 – 4 1.6 0.32 – 16 0.4 – 1.5 0.08 - 0.24 0.25 5-10 3 

11 COD/BOD 
reduction range 

75 – 93% 65 - 90% 85 - 95% 85 -95% 85 – 95 % 91% 90 – 98% 80-95% 

12 Sludge production 
(Kg/Kg BOD) 

0.15 – 
0.25 

0.3 – 0.5 
or 0.63 – 
1.06 

0.6 0.0 – 0.3 0 – 0.3 Nil Nil Nil 

 F1e3c.al coliformFecal 
reduction (%c)oliform 

reduction 

(%) 

0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %0 % 0 9%9% 9895%-95% 

14 Electricity 
requirement 

200 150 300 200 3 - 10 50 Nil Nil 

15 Failures Even small 
concentra 
tions 
disturb 
the 
process. 

Even small 
concentra 
tions 
disturb 
the 
process. 

Even small 
concentrati 
ons disturb 
the process. 

Even small 
concentrati 
ons disturb 
the 
process. 

Even small 
concentrat 
ions 
disturb the 
process. 

Even small 
concentrat 
ions 
disturb the 
process. 

Nil 
because it 
is natural 
process 

No 
provision 
sludge 
digestion; 
Produces 
bad odour 
due to 
anaerobic 
digestion 
of sludge, 
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         and 
mosquitoe 
s due to 
stagnant 
water in 
treatment 
tank 

16 Key parameters of 
process 

PH, TSS, 
BOD, COD 

& Toxic 
Substance 

PH, TSS, 
BOD, COD 

& Toxic 
Substance 

PH, TSS, 
BOD, COD 

& Toxic 
Substance 

PH, TSS, 
BOD, COD 

& Toxic 
Substance 

PH, TSS, 
BOD, COD 

& Toxic 
Substance 

PH, TSS, 
BOD, COD 

& Toxic 
Substance 

PH, Na, PH, TSS, 
BOD, COD 

& Toxic 
Substance 

17 Maintenance Skilled Skilled Skilled Skilled Skilled Skilled Simple Simple but 
revamping 
of filter 
bed is very 
difficult 

18 Installation cost 
per MLD in Rs. 
lakhs 

160 140 120 600 225 180 90 150 

19 Operational Cost 
for 1 m3/d 

6/- 6/- 8/- 25/- 16/- 2/- 2/- 2/- 

Source: SERI 
Abbreviations: 

 

 BAF - Biological Aerated Filter 

 ASP - Activated Sludge Process 

 MBR - Membrane Bioreactor 

 TF - Trickling filter 

 SBR - Sequential Batch Reactor 
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5.8 Private Sector Engagement In Sanitation 

5.8.1 Background 

With the advent of Swacchh Bharat mission initiated by Prime Minister NarendraModi 

to imagine clean India by inviting both citizens and private sector, the private sector 

responded warmly and for over next two years from 2014 to 2016, the Swacchh Bharat 

Kosh received eye catching funds as a part of Corporate Social Responsibility.2014-15 

saw India’s private sector spending nearly 42 crores (Investing beyond toilet 

construction; CPR 2016). However, within two years the donation seems to be 

diminished, out of total 245 crores that Swacchh Bharat received in 2016-17, 212 crores 

came from public sector companies, followed by smaller companies and charitable 

organizations. Surprisingly, no big player of private sector was there in the list. 

It is clear to be noted that the involvement of private sector in spending towards 

sanitation cannot be judged on the basis of data alone. As of now, private sector 

involvement in CSR was seen as a part of initiative when company undertook 

responsibility for spending specific amount for sanitation mission. But, experts believe 

that if sanitation and waste management turned into a sustainable business model with 

profitable venture not only it will grab the eyes of private sector enterprises into a 

revenue generating machine but it will also escalate small and medium enterprises who 

are already established in this domain but has not taken off as of now. 

The most significant reason for lack of interest by private sectors in sanitation mission is 

the lackluster commitment of local governance institutions. To invest in toilets- their 

construction and maintenance- private sector companies has to closely work with local 

government bodies. But it seems that the difficulty in coordinating and maintaining the 

trust with local bodies has resulted in lessen of interest amongst private players. 

It is not enough just to build toilets for Swacchh Bharat Mission. It is way more 

important to focus on the left alone dimensions of sanitation service chain i.e. how to 

safely manage with sludge produced in the septic tank or pits. 
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5.8.2 Sanitation System Beyond Toilet Construction: Introduction To Faecal Sludge 

Management 

Faecal sludge comprises all liquid and semi-liquid contents of pits and vaults 

accumulating in on-site sanitations installations, namely unsewered public and private 

latrines or toilets, aqua privies and septic tanks. These liquids are normally several times 

more concentrated in suspended and dissolved solids than wastewater .FS management 

deals with on-site sanitation systems, while wastewater management is concerned with 

sewered sanitation. FS may be treated in separate treatment works or co-treated with 

sludges produced in wastewater treatment plants. (Strauss et al., 2002). Government of 

India mission is that all the cities of the country should have a networked sewerage 

connection, which would send faecal sludge to a centralized treatment and disposal. 

However with the present financial and technical capacity the above said objective is 

very unclear to achieve. The root problem for the achieving the objective is that 95% of 

Indian town is not having proper infrastructure. This means that septic tanks or pits 

have to be emptied and transported to a location that will process the faecal sludge. In 

higher end apartment complexes and business centres, there are on-site Faecal Sludge 

Management solutions; however, it remains a challenge even here where space and 

options for dumping the treated waste are limited. On the other hand, in poor 

settlements (slums), toilets are often built so the faecal waste just empties directly 

outside it. This practice not only has the potential to contaminate the water sources and 

pollute the environment within the slum, but also the whole surrounding area. 

There lies a very less regulatory framework to monitor weather the sludge is processed 

according to environmental and health standards. Most cities in India lack the capacity 

to regulate treatment and dumping of faecal waste. There is also a lack of approved 

sewage treatment plants (STPs) in the country to safely and effectively treat faecal 

sludge, even if it is actually collected and sent there. Twenty-seven Indian cities have 

only primary treatment facilities and 49 have primary and secondary treatment 

facilities. Due to the lack of functioning STPs and adequate enforcement of regulations, 

untreated faecal sludge is disposed indiscriminately into water bodies, drains, landfills, 

and vacant lands. In Udaipur for example, untreated faecal sludge is often dumped 

directly into land or river. 

Notwithstanding plethora of issues regarding collection, treatment, and disposal of 

faecal sludge, there is a growing shift, globally, to consider faecal waste as a resource 

rather than burden. While there is value to derive from innovation at each level of the 
 



173 | P a g e  

sanitation value chain, there is specific increment in value by turning the faecal sludge 

matter into an environmentally beneficial and profitable resource. 

 

 
5.9 “Case Study” Resource Recovery And Reuse As An Incentive Option For A Viable 

Sanitation Service Chain In Udaipur City (A Study By Center For Policy Research India) 
 

5.9.1 Missing Link in Udaipur City Sanitation 

Udaipur city is governed by the Udaipur Municipal Corporation (UMC), and the city is 

divided into 55 wards. The Rajasthan 

Municipalities Act 2009 places sanitation, public health, drainage and sewerage of the 

city as core functions of the Udaipur 

Municipal Corporation (UMC). While there are provisions in the Act regarding the 

design, construction, and desludging of septic tanks, it does not mention options for 

treatment, disposal and reuse of sludge and effluent by-products. The UMC is 

accountable to the Rajasthan State Pollution Control Board (RPCB) for the 

environmental pollution resulting from the untreated faecal sludge and the effluent 

from septic tanks. It is also accountable to the state government for carrying out faecal 

sludge functions prescribed in the Municipal Act. On the other hand, the Udaipur Urban 

Infrastructure Trust (UIT), established by the Urban Improvement Trust Act 1959, is a 

regional authority that looks after urban planning and development related functions in 

the city and notified adjoining areas. It has the ability to develop, design and implement 

schemes and programmes on faecal sludge management. At the city and regional level, 

UIT is responsible for master planning, land acquisition and disposal, and asset creation 

for urban services (Shubhagato Dasgupta, 2015). 

5.9.1.1 Sewered Sanitation Systems 

As on 2018, 20.3% (approx. 113019 household) of Udaipur’s total population are 

connected to underground sewer network, generating circa 15-17 MLD of wastewater. 

The sewer network transports the collected waste to Sewage Treatment Plant which 

began operating on 28th March 2014. The plant has daily treatment capacity of 20 

million and is employing Moving Bed Bio Reactor technology. The plant only treats 

domestic sewage. The treated effluent is then reused in Hindustan Zinc`s RajpuraDariba 

Mining & Smelting Complex, situated some 80km outside the city limits. 
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A forward-thinking public-private partnership (PPP) deal between the Hindustan Zinc 

and the local government (Udaipur Municipal Corporation and Rajasthan State-Owned 

Urban Improvement Trust) was formed in May 2012 to develop the city`s first STP for 

addressing the objectives and needs of all the stakeholders. The role of UMC was to 

construct sewage trunk lines connecting domestic sewage lines with the plant, as well as 

the collection and disposal of the sludge residue from the plant. The role of UIT was to 

lease the land, back to HZL for the duration of the project. HZL acquired 2.5 hectares of 

land for the project in proximity to the Ayad River through a conciliatory process 

involving the local community – a good example showcasing how a private organization 

acquired private land for a public good. 

5.9.1.2 Non-Sewered Sanitation Systems 

As per Census 2011, the percentage of households that have toilets connected to septic 

tanks in Udaipur is 77.5% (approx. 94,704 households). In Udaipur, de-sludging of septic 

tanks has become an ad-hoc process for households who do it as a response to 

backflow, foul smell from the septic system, or during renovation. Although informal 

private companies for de-sludging and transportation services do exist in Udaipur, the 

UMC serves the majority of the service requests. The range of service providers, 

whether the UMC or private companies, transport the sludge from the septic tanks to a 

designated dumpsite near Ballicha and dispose without any treatment and reuse. Given 

the considerable distance to the dumping ground, on many occasions, faecal sludge is 

also disposed in the sewerage system or unspecified open spaces in and around the city 

(Shubhagato Dasgupta, 2015). 

As on 2018, on an average five household de-sludge their septic tank in a day. The 

average septic tank capacity is 9500 litres. Thus the total faecal sludge collected per year 

will be 10 Million Litres- (35 Kilo liters per day) 

Though there are various technological options for treatment, disposal and reuse of 

faecal sludge before letting them out into the environment, the most common methods 

are co-treatment at a sewage treatment plant (STP), composting, mining area 

reclamation, land application and mechanical treatment. In practice, there is no form of 

treatment carried out on the faecal sludge in Udaipur city (Shubhagato Dasgupta, 2015) 
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Figure 41: Urban Sanitation Scenario in Udaipur City (Source: CPR India) 

 
 
 
 
 
 

 
Figure42 : Gaps in sanitation value chain in Udaipur (Source: CPR India) 

 
 

 



176 | P a g e  

5.9.2 Moving Towards Sustainable Faecal Sludge Management in Udaipur City 

In a noteworthy move demonstrating federal commitment for addressing the issue of 

Faecal Sludge, Ministry of Housing and Urban Affairs issued a National Policy on Faecal 

Sludge and Septage Management (FSSM) in February 2017. 

The key objective of the urban FSSM Policy is to set the context, priorities, and direction 

for, and to facilitate, nationwide implementation of FSSM services in all ULBs such that 

safe and sustainable sanitation becomes a reality for all in each and every household, 

street, town and city (SBM Urban). 

In the spirit of the ‘National Policy on Urban Faecal Sludge and Septage Management 

(FSSM), 2017’, Government of Rajasthan has developed a draft document on ‘State 

Urban Faecal Sludge and Septage Management Policy for Rajasthan’ which identifies the 

issues of safe sanitation in urban areas and provides an outline for establishing and 

effectively operationalizing FSSM at state and city level in Rajasthan (FSSM Rajasthan). 

Through preliminary research analysis, Sanitation research team at Centre for Policy 

Research has identified Udaipur as a potential place to develop a Faecal Sludge 

Management model at City Level. This research work would address the gaps in the 

existing sanitation value chain in place including options to manage the faecal sludge in 

an environmentally safe manner. 

5.9.3 Co-Treatment of Faecal Sludge in the Sewage Treatment Plant 

Under Smart City Proposal, 3 STPs of 25 MLD, 10 MLD and 5 MLD capacities respectively 

are being planned for construction to ensure waste water collection and treatment from 

identified parts of the city. HZL have also taken the contract for these proposed STPs in 

the city under Hybrid Annuity Model as mentioned below. Here, 50% of treated water 

will be reused by HZL and remaining 50% will be reused by UMC. 

Once these STPs are commissioned, the total STP capacity in the City will be 60 MLD. 

However, no much focus is there in the non-sewered part of the city where 35 KLD of 

faecal sludge is produced. These 4 STPs (one existing and three proposed) will be an 

ideal option to treat the Faecal Sludge which is collected from the prevailing Septic 

Tanks in the City. These STP shall be retrofitted with the de-watering unit for faecal 

Sludge wherein the separated sludge shall be dried and the separated liquid shall be 

treated at the STP. 
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5.9.4 Investing in FSM: Overview of long term and cross-cutting gains from adopting 

FSM 

Following points showcase these synergies between FSM and other sectors such as 
health, education and environment, etc. which can be achieved by implementing sound 
faecal sludge management approach for the region: 

 
 

5.9.4.1 Faecal Sludge Management (FSM) & Health 

FSM has gained significant attention over the last decade, especially since many 

research studies have started to underscore the interconnectedness between 

inadequate FSM and languishing socioeconomic and health prospects of any region. All 

of these studies laid bare how poor management of faecal sludge ensues health and 

economic burden on the society, which is disproportionately shared by the poorest 

quintile of the population. In terms of health, the most important cause of mortality 

that can be attributed to inadequate FSM is diarrhea. One estimate suggests that 

annually there are about 2.2 million people (3.7% of all deaths) dying from diarrheal 

disease. Children are particularly vulnerable to water-related diseases and a WHO 

(2008) study expounded that out of 10.4 million deaths of children under five, 1.8 

million (17%) deaths are due to diarrheal disease (Corcoran et al, 2010). Prolonged 

diarrhoeal diseases further accentuate malnutrition in children, which accounts for 

almost 35% of all worldwide child mortality (WHO, 2008). For India, a study conducted 

by World Bank (2006) suggested that in year 2006 575 million cases of diarrhea were 

reported, of which 450,000 people died. In all, deaths from diarrhea “accounted for 

every 20th death” (World Bank, 2006). Furthermore, the same study also showed that 

owing to sickness and time spent on looking for medical attention, 10 million person- 

years of normal activities were lost in 2006 alone. 

5.9.4.2 FSM and Water Resources 

Faecal matter, when disposed untreated into surface water body or leaches into 

groundwater also has the potential to deteriorate the quality of receiving body of water. 

This further hampers efforts made to ensure water security by reducing overall water 

availability; moreover, with increasing pollution loading, and corollary decline in water 

quality of the source, it becomes more costly to treat the water to make it fit for 

consumption and other uses (thwarting efforts to reach SDG Target 6.1). It is, therefore 

of particular relevance for the dry and arid region of Udaipur, that a proper FSM policy is 
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introduced ensuring that no sludge is disposed or allowed to be disposed in the open 

environment. 

 

 
5.9.4.3 FSM and Sustainable Development Goals 

Managers need to understand that the benefits of introducing proper FSM in Udaipur 

are multidimensional and span across sectors. For example, a proper feacal sludge 

treatment and disposal/reuse arrangement will secure the water quality of River Ahar 

and Lakes of Udaipur thereby reducing the number of people exposed to water-related 

diseases (SDG Targets 3.3 and 3.9). This in turn will protect the functions of water bodies 

and the services they provide (like tourism in case of Udaipur) ultimately also 

contributing to poverty alleviation (SDG Target 1.2). Since improved FSM will reduce 

incidences of poor health to a great extent, it will also increase the productive capacity 

of population and, in the case of children, will ensure more attendance and increased 

performance in school, ultimately helping them to break out of the cycle of poverty. 

With less time and money spend on medical care, people of Udaipur will be better able 

to participate in social and political life of the region and in the formal economy (SDG 8). 

Additionally, adoption of FSM practice in Udaipur also holds merit in terms of increasing 

food safety and security (SDG Target 2.1) while simultaneously increasing farmers’ 

productivity (SDG Target 2.3). Use of wastewater for agriculture is increasingly 

becoming common in the arid region of Udaipur, where nutrient rich wastewater 

sources represent “drought-resilient resource” (Corcoran et al 2010). Worldwide 

estimations suggest that wastewater is used to irrigate 7% of total land under irrigation 

and supplies food to 10% of the population (WHO-FAO, 2006). Farm workers are at high 

risks that come into “contact with wastewater affected with faecal oral transmission 

pathways or contact with disease vectors in the water, such as schistosomiasis” 

(Corcoran et al 2010). HZL’s ‘Samadhan program’ has a major component designed for 

“supporting farmers with quality inputs”. Here, accordingly, a strong FSM approach for 

the region will ensure that the water siphoned off from surface or ground water 

resources will be of adequate quality. 
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