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fOREwORd

Worldwide, rapid urbanization is leading to several challenges related 
to housing, infrastructure, encroachment of land, pollution, sewerage, 
waste and traffic management. In addition, the difficulties of providing 
sufficient jobs in urban areas has led to poverty, expanding slums and 
social unrest making urban governance a difficult task. This is especially 
true of the developing world and more so for the two rapidly developing 
countries, China and India. at present, more than half of the world’s 
population is living in small towns and cities with about half a million 
population. By 2050, the world population is projected to be 9.2 billion, 
of which 6.7 billion or 73% are estimated to live in urban areas. 

In India, in the last fifty years while the overall population has increased 
by two-and-a-half times, the urban population has grown nearly five times. 
This high rate of urban population growth is a cause of concern among 
India’s urban and town planners. While on the one hand growth of cities is 
important, since they can act as catalysts for economic and social growth,  
the pace of urbanization has been so rapid, that it has limited the capacity of 
authorities to provide the services and infrastructure required for sustainable 
urban development. This has resulted in improper planned growth where 
our urban centres have mostly been converted in to built-up areas with 
little or no green coverage, turning them into urban heat islands which  
contribute significantly to climate change. 

as a result ‘urban Environment management’ has become one of the most 
urgent and challenging tasks for urban planners and urban policy makers 
in India. It becomes very important that innovative tools and techniques 
for urban environment management are developed and utilized to make 
urban development sustainable. 

In this context I am very happy that the Kerala Environment Congress 
is being organized by the Centre for Environment and Development in 
association with the Energy management Centre, Kerala. I have been 
informed that the 12th KEC which is being held on November  28th and 
29th, 2016 in Thiruvananthapuram aims at highlighting the importance 
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of urban environment management required for the sustainable 
development of our urban areas. It is indeed commendable that the Centre 
for Environment and Development which has been in the forefront of 
linking science, technology and knowledge systems for environmentally 
sustainable development is taking this important initiative. 

The Proceedings volume which contains detailed reviews and papers by 
eminent experts in the concerned fields focusing on ‘urban Environment 
management’, will be very useful in strengthening programs and 
activities for integrating science, technology and knowledge systems for 
the development of the urban areas of our country. 

The inputs from the participants on various aspects including science 
and technology, societal roles in framing policies and programs 
leading to urban planning, urban development and urban environment 
management, will surely offer deeper insights into the important issues 
and available options for consideration within the country as well as in 
the State of Kerala.

dr. Suresh das



The Centre for Environment and Development(CED) is an autonomous R&D, 
Consultancy and Training institution recognized as a Scientific and Industrial 
Research Organisation(SIRO) by Department of Scientific and Industrial Research, 
Government of India. CED organized the Indian Environment Congress in 2004 and 
the success of this program and the  request from several corners  prompted us to 
initiate  the  Kerala Environment Congress (KEC) in 2005 with special focus to Kerala.
CED has till date completed eleven  Congresses on various focal themes.

 CED, established in 1993 at Thiruvananthapuram, Kerala is now being expanded its 
coverage into twelve states in the country and has wide network and collaboration 
with many state, national and international agencies. CED has been focusing both 
on environment and development related sectors bringing complementarities, 
leading to sustainable development. CED is working with 6 Program areas viz., (i) 
Natural Resources and Environment management, (ii) Water, Sanitation and health, 
(iii) Climate Change and Energy Studies, (iv) urban and Rural Studies, (v) Culture, 
heritage and Environment  and (vi) Information and Knowledge management. CED is 
the Centre of Excellence of ministry of urban Development, Government of India on 
Solid Waste and Waste Water management; National Key Resource Centre on Water 
and Sanitation of ministry of Drinking Water and Sanitation, Government of India 
and Regional Resource agency of ministry of Environment and Forests and Climate 
Change, Government of India. CED is also the Training Institute of ministry of urban 
Development, Government of India for amRuT. CED has its Eastern Regional Centre at 
Bhubaneswar, Odisha and Regional Centre at hyderabad. The Centre has its activities 
spread over the states of Odisha, andhra Pradesh, Telangana, Rajasthan,Jharkhand, 
WestBengal, maharashtra, madhya Pradesh, Gujarat, uttarakhand, Pondicherry, 
Jammu Kashmir apart from Kerala. CED is providing technical support to many 
local self government institutions in the country for Water Supply Engineering, 
Solid Waste management, Wastewater management, Preparation of GIS based maps, 
Biodiversity Conservation, urban Development, Energy and Environment auditing, 
Policy studies and reforms,etc. CED has established urban Reforms Cells in andhra 
Pradesh and Telangana states to provide support in urban development, urban policy 
formulation and urban poverty alleviation programs. CED initiated the Odisha 
Environment Congress jointly with human Development Foundation and Regional 
museum of Natural history in 2010 and has completed six Congresses. During the 
last 23 years, CED has completed nearly 120 research, consultancy and training 
projects supported by different national and international agencies like the World 
Bank, uNDP, JICa, aDB, RNE, IDRC, ministry of urban Development, ministry of 
Science and Technology, ministry of Environment, Forests and Climate Change,etc  
and many  State governments agencies

The KEC was started with the objective of creating a platform for bringing together 
scientists and technologists,policy-decision makers, development managers and 
research students for sharing of knowledge, expertise and experience in subjects 
of high relevance to the sustainable development of the country. all the eleven  
Congresses had been  organized on different focal themes which had  high relevance 
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in the environment conservation and management as well as the development of the 
society. 

The first Kerala Environment Congress was organised in 2005 at Kochi with the 
focal theme ‘Coastal and marine Environment’. The second Congress was held at 
Kozhikode in 2006 with the focal theme ‘Forest Resources of Kerala’ and the third 
KEC was organized in 2007 with ‘Wetlands of Kerala’ as the focal theme. The fourth 
Congress focused on the theme ‘Environmental Sanitation, health and hygiene’ and 
the next  one was held in 2009 with the focal theme ‘Water Resources of Kerala’. 
The sixth, seventh and eighth Congresses were held in 2010, 2011 and 2012 with 
the focal themes ‘Solid and liquid Waste management’, Energy and Environment 
and agriculture and Environment respectively. The nineth Congress was held at 
Thiruvananthapuram with the focal theme “Culture, heritage and Environment”.
The tenth  KEC was organized at Kochi with the focal theme “Water and Energy 
SecurityIssues, Challenges and Potentials” which was inaugurated by Dr a.P.J. 
abdul Kalam, hon’ble Former President of India and the last KEC was organized at 
Kottayam on the focal theme “Climate Change and Sustainable Development”. all 
the eleven Congresses were well received by the researchers, academicians, research 
students and policy-decision makers. KEC has its uniqueness that it targets not 
only researchers and academic people, but also the policy-decision makers and the 
community which helps to the translation of scientific knowledge and information 
in to the development agenda of the governments. 

This year’s Kerala Environment Congress (12th KEC) is being organized on 28th and 
29th November,2016  in association with the Energy management Centre, Kerala 
at EmC Conference hall,  with the focal theme “ urbanisation and Environment-
Issues, Challenges and Potentials”. The Congress include Key Note address, and 14 
lead  Paper Presentations, 18 research papers, and 12 Presentations and Posters by 
young researchers to be considered for Young Scientist award. The Young Scientist 
award is instituted by CED in the name of our former friend and colleague (late) 
Dr R. Satheesh, who had contributed immensely in the environment research and 
development. We expect nearly 200 researchers, policy experts, decision makers, 
students and development thinkers to actively participate and contribute in the 
Congress. This Proceedings volume contains extended abstracts of lead papers, 
abstracts of research papers, and that of  students for Young Scientist award. 
CED gratefully acknowledges the support of the Kerala State Council for Science, 
Technology and Environment, Government of Kerala and also the Kerala State 
Biodiversity Board for co-sponsoring the KEC. 

CED takes this opportunity to place our heartfelt gratitude to all the distinguished 
personalities, important institutions, organizations and government agencies for 
supporting us these years to organize the Kerala Environment Congress successfully.
We hope that the deliberations in the Congress and the papers published in 
the Proceedings volume will help to evolve a strategy for urban Environment 
management in the Country, the State of Kerala in particular.

dr babu Ambat 
Executive Director, CED 
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Urbanisation and EnErgy dEmand

The urbanization - with respect to both migration from rural to urban areas and 
structural transformation of rural areas into urban - is one of the key phenomenon of 
economic development, and leads to a significant concentration of human resources 
and economic activities. Industrialization and urbanization complement economic 
development, but the number of factors that influence the energy supply chain and 
the elasticity of energy consumption per capita and per unit of GDP by urbanisation 
are distinct. For example, urbanisation permits economies of scale in production 
and service sectors but requires more transportation and logistics. World over, 
urbanisation is a major demographic driver of energy demand. The growth trend 
of urban energy demand will vary by economy, depending on the pace of economic 
development, population density and infrastructure development. 

Recent update by World Bank on urban development states that:

“Globally, over 50% of the population lives in urban areas today, and this trend is 
expected to continue – by 2045, the number of people living in cities will increase 
by 1.5 times to 6 billion, adding 2 billion more urban residents. Cities also play an 
important role in tackling climate change, as they consume close to 2/3 of the world’s 
energy and account for more than 70% of global greenhouse gas emissions. Building 
cities that “work” – inclusive, safe, resilient, and sustainable – requires intensive policy 
coordination and investment choices” 

 According to the Intergovernmental Panel on Climate Change (IPCC, 2014), urban 
areas consume between 67% and 76% of global energy and generate about three 
quarters of global carbon emissions. This trend is expected to intensify over the 
coming decades. A study by Felix et. al (2015) states that: “changes in urban planning 
and transportation policy can limit the increase in energy use in the world’s cities 
in 2050 by one-fourth-from a projected 730 exajoules under current trends to 540 
exajoules.”

Studies and research on topics such as urbanization and energy-use, energy policy 
interventions for sustainable urbanisation, urban energy planning and management, 
sustainable cities and society etc. are ever more relevant in this context. 

Sustainable Urban Energy Planning and Energy 
Conservation Building Code

narayanan a.m.
Head- Energy Efficiency Division, Energy Management Centre -Kerala (EMC),  
Department of Power, Government of Kerala.
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India Energy Outlook 2015, report (IEA, 2015) states that:

“Three-quarters of the projected increase in energy demand in residential buildings 
comes from urban areas, driving the sector’s energy use away from solid biomass (two-
thirds of the total today) and towards electricity and oil (45% and 15% of the 2040 
total, respectively). The services sector (i.e., commercial buildings), which tends to 
be concentrated in urban areas, is already largely dependent on electricity. Future 
increases in energy consumption in the services sector – including a jump in demand 
for space cooling in buildings – are projected to be predominantly based on electricity 
(with India’s building codes and minimum energy performance standards serving to 
moderate the rate of growth)”

Since most of the building stock required by next two decades, both the residential 
and the services sector (which includes, among others, public buildings, offices, 
shops, hotels and restaurants ) has yet to be constructed, there is a tremendous 
opportunity for India to expand and tighten efficiency standards and ensure lowest 
energy intensity and in turn, lowest carbon foot print. Growth in construction tends 
to increase energy consumption to produce building materials such as steel, cement, 
aluminium and other materials. Urbanisation and the building stock also demands 
increased energy for site preparation and land use, water supply system, waste 
management, and transport system.

Energy demand by fuel in selected end-use sectors and annual electricity 
consumption per rural and urban electrified household in India is depicted in Fig 1 
& 2 respectively.

Fig.1 
 Energy demand by fuel in selected end-use sectors in india (iEa,2015)
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Fig.2 
 annual electricity consumption per rural and urban household in india, 2013 and 2040 

(iEa, 2015)

ovErviEw oF thE intErvEntions For sUstainablE Urban EnErgy 
planning

Energy use is currently an ‘emergent’ property of a complex urban system. Sustainable 
urban energy system requires low carbon technologies on the supply side, and 
efficient distribution infrastructure as well as energy efficient and low carbon foot 
print end-use equipment, system and process. 

Urban palming, therefore, should lay emphasis on renewable energy source at the 
supply side to reduce the share of fossil fuel based energy supply. This calls for 
increasing the hosting capacity of the power transmission and distribution grid for 
renewable energy based electricity generation. At the same time, energy consumption 
as well as peak load or incidence of maximum demand must be reduced by changing 
consumption patterns, improved operation and maintenance practices, adopting 
energy saving techniques including controls and energy recovery and using enhanced 
energy efficient appliances.

The preferred measures for sustainable urban energy planning are:

 Effective policies and standards to develop sustainable urban energy systems

	Focussed Programmes to:

•	 replace unsustainable and inefficient technologies and practices ; 

•	 regulate energy use and consumption, 

•	 provide incentive measures that promote research, innovation, 

•	 adopt greener and more efficient technologies

	Collaboration between local , national and international expert organisations in 
order to enable local companies to strengthen their knowledge, expertise, and 
market reach and private-public partnerships to develop efficient and low carbon 
energy systems and end-use technologies and to provide services in these areas.
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An indicative comparison between less energy efficient urban development and 
more energy efficient urban development is shown in Table 1. 

table 1 
 Comparison between less energy efficient development (‘sprawl’) and more energy efficient 

development (‘smart growth’)

All important and critical urban infrastructures depend on energy such as water 
supply, water treatment and waste water disposal, transport and communication 
systems, food and material supplies, the resulting disposal of wastes and energy 
supply itself. The urban energy efficiency and sustainability policy has strong 
bearing on size and density of population and utility services and the specialized 
urban infrastructures required, such as underground (metro), the need for high-
rise buildings, open public (parks) or private (courtyard) spaces, public transport 
networks, zoning and parking regulation, non-motorized transport modes and 
walkways.

The full urban energy system entails both ‘direct energy flows’ such as fuels, 
electricity as well as ‘embodied’ energy used not only in the production of goods 
and services imported into but also exported from an urban system. Planners are 
exploring Zero-Carbon Cities, or Carbon Neutral Cities in which urban energy use is 
to be well defined in the urban master plan. 
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A clearly defined policy boundaries for municipalities /Urban Local Bodies (ULBs) 
for urban energy planning has not been strictly in force. There is a need for capacity 
building for identification and implementation of such projects and governance of 
energy projects within the municipalities /Urban Local Bodies (ULBs). These and 
intensive stakeholder consultations are some of the sustainability concerns in urban 
energy planning and development.

Urbanisation and sUstainablE bUildings 

Projections show India’s urban population soaring from 340 million in 2008 to 590 
million in 2030. It took India nearly 40 years (between 1971 and 2008) for the urban 
population to rise by nearly 230 million. It will take only half the time to add the next 
250 million. It is reported that to meet urban demand, the economy will have to build 
between 700 million square meters and 900 million square meters of residential and 
commercial space a year respectively.( McKinsey Global Institute, 2010)

According to the survey by UN State of the World Population report, by 2050 over 50 
% of India’s population is expected to reside in urban areas from 32% in 2014. About 
44 percent of India’s rapidly growing carbon emissions have urban origins, emanating 
from transport, industry, buildings and waste. Commercial buildings include various 
institutional establishments such as banks, hotels, restaurants, shopping complexes, 
offices, and public departments. Commercial buildings are often energy intensive. 
The phenomenon of Urban Heat Island (UHI) is recognised as a direct consequence 
of urbanisation. The impact of Urban Heat Island (UHI) is also felt in many Indian 
towns and cities.

Sustainable buildings calls for minimising environmental implications caused 
due to construction activities, focuses energy efficiency and energy conservation, 
integration of renewables, lesser consumption of water and sustainable waste 
management. Building resilience to climate change impacts and extreme events, 
without compromising the thermal and visual comfort of the inhabitants and users, 
while ensuring the compliance of the standards stipulated such as internal air 
quality, illumination level etc. carried out in the interior space of the building for the 
specific type of buildings has also to be factored into.

EnErgy ConsErvation bUilding CodE (ECbC)

The Energy Conservation Building Code (ECBC) was developed by the Government 
of India for new commercial buildings in 2007, in accordance with the proviso in 
the Energy Conservation Act, 2001. ECBC is an effective step towards implementing 
energy efficiency in the building sector. ECBC sets minimum energy standards. 
Presently ECBC is applicable for commercial buildings having a connected load of 
100kW or contract demand of 120 KVA and above. The State Governments have the 
flexibility to modify the code to suit local or regional needs and notify them. The 
Indian states are at various stages of mandating ECBC, wherein most of building 
construction activities are happening across the country.

During the development of ECBC, analysis conducted through energy simulation 
indicated that ECBC-compliant buildings may use 30% to 60% less energy than 
similar buildings being designed and constructed at that time. The actual compliance 
of various building designs with ECBC proved the same in reality as well. 
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The ECBC has been integrated in other rating and compliance systems being 
followed in the country such as EIA (Environmental Impact Assessment) for large 
area development under MoEF (Ministry of Environment & Forest), Green Rating for 
Integrated Habitat Assessment (GRIHA) rating system of ADARSH and Leadership in 
Energy and Environmental Design (LEED) rating system of the Indian Green Building 
Council (IGBC) and of course the Star Labelling of buildings by Bureau of Energy 
Efficiency.

The contribution of energy consumption by various type of commercial buildings 
are shown in figure 3. The typical break-up of energy consumption by end-use for 
commercial buildings is given in table 2.

Fig.3 
contribution of energy consumption by various type of commercial buildings

table 2 
typical break-up of energy consumption by end-use for commercial buildings

Ventilation(fans) & Air conditioners 55%

Lighting 25%

Internal Loads 15%

Others 5%

The provisions of ECBC applicable to the major building components influencing 
the energy consumption are given below: 
a) Building envelopes,(except for unconditioned storage spaces or warehouses)
b) Mechanical systems and equipment including heating, ventilating, and air 

conditioning,
c) Service hot water heating, renewable energy
d) Interior and exterior lighting, and
e) Electrical power and motor.
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Design Norms Provided by the ECBC 

a) Building envelope, including thermal performance requirements for walls, roofs, 
and windows;

b) Lighting system, including daylighting, and lamps and luminaire performance 
requirements;

c) HVAC system, including energy performance of chillers and air distribution 
systems;

d) Electrical system; and

e) Water heating and pumping systems, including requirements for solar hot-water 
systems.

Energy performance index (Epi) 

EPI is the kWh/square meter/year in terms of purchased & generated electricity divided 
by built up area in square meter. However the total electricity would not include 
electricity generated from on-site renewable sources such as solar photovoltaic etc. 
But any fossil fuel such as LPG, Diesel etc. shall be taken in terms of kWh equivalent 

Design and construction guidelines in ECBC attempt to minimise the EPI of the 
building. EPI is a function of:

•	 Building Envelope Insulation value (R Value), thermal conductance (U value), 
Solar Heat Gain Coefficient (SHGC)

•	 Energy Efficiency of HVAC system in terms of kW per TR

•	 Lighting system energy efficiency in terms of Light Power Density (LPD)

•	 Efficiency of appliances, equipment’s and systems such as Solar Water Heater, 
Geysers, Pumps, Motors, Transformer etc.

•	 Extent of natural ventilation and day light utilisation

ECBC mandates certain values and aspects for envelope, HVAC, Lighting, Solar 
Water Heating and Electrical systems; and ECBC prescribes certain parameters for 
design and construction to minimise EPI; and trade off option is provided in the case 
of or envelope. The whole budding performance may be used for EPI minimisation 
with combinations of above options through simulation.

ECbC compliance options

a) Compliance with the performance requirements for each subsystem and system;

b) Compliance with the performance requirements of each system, but with trade-
offs between subsystems; and

c) Building-level performance compliance.

That is, EPI compliance can be met by either by meeting all mandatory provisions 
plus prescriptive OR all mandatory provisions plus whole building performance.

ECbC Compliance documentation

ECBC compliance documentation mandates the following:



ThiruvananthapuramKerala Environment Congress 2016

10 CED & EMC

Plans and specifications shall show all pertinent data and features of the building, 
equipment, and systems in sufficient detail to verify that the building complies with 
the requirements of this code. Details shall include, but are not limited to:

a) Building Envelope: Insulation materials and their R-values; fenestration U-factors, 
Solar heat gain coefficients (SHGC), visible light transmittance (if the trade-off 
procedure is used), and air leakage; overhangs and side-fins, building envelope 
sealing details

b) Heating, Ventilation, and Air conditioning: Maximisation of Natural ventilation, 
system and equipment types, sizes, efficiencies, and controls; economizer; 
variable speed drives; piping insulation; duct sealing; insulation type and 
location; requirements for balance report

c) Service Hot Water and Pumping and renewable installation: Solar water heating 
system and installation of renewable gadgets

d) Lighting: maximisation of day light utilisation, lighting schedule showing type, 
number, and wattage of lamps and ballasts; automatic lighting shutoff ; occupancy 
sensors, and other lighting controls; lamp efficacy for exterior lamps; Light Power 
Density (LPD)

e) Electrical Power: electric schedules showing transformer losses, motor 
efficiencies, and power factor correction devices, electric check metering and 
monitoring system.

f) Abstract of the building information and energy data along with projected Energy 
Performance Index (EPI)in KWh/m2/ year 

g) Acceptable limit heat gain for Non conditioned spaces existing buildings or 
building spaces which are not air conditioned shall comply with concerned 
Indian Standards

h) Supplementary Information

Supplemental information necessary to verify compliance with this code, such as 
calculations, worksheets, compliance forms, manufacturer’s literature, or other 
data.

Field study 

Detailed field study and analysis focussing ECBC compliance was carried out by the 
author and his team of experts in about 230 commercial buildings in Kerala. The 
band width of the EPI values in kWh /m2/year obtained from the study is given in 
Table 3.

table 3 
Epi value bandwidth of commercial buildings (EmC study)

sl. no. building sector Epi, kwh /m2/year

1 Hotel 206 – 364

2 Hospital 066 – 338
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3 Office 065 – 152

4 Shopping Mall 077 – 349

5 Airport 169 – 329

6 IT Park 072 – 312

The wide bandwidth of EPI indicates the possibility of incorporating design 
interventions provided in ECBC for minimizing the EPI. 

The 15% to 30% energy saving potential of the above buildings by measures 
tabulated below substantiates that EPI reduction should have been possible, if design 
intervention by ECBC was attempted. Please note that the energy savings or EPI 
reduction potential shown in table 4 is not considering the envelope modifications. 
If envelope modifications were also considered, the EPI reduction would have been 
30% to 60%.

table 4 
areas for Epi reduction potential in the commercial building studied,  

Excluding modifications of the envelope

1 Lighting

2 Power factor improvement

3 HVAC

4 Pumping system

5 Service water heating

6 Electrical Motors/Distribution etc.

way Forward

Greener commercial buildings besides saving on energy both during construction 
and operation, save on fresh water use consumption, recycle and reuse of treated 
wastewater on-site and reduction of waste going to the dumpsite/landfills. The sector 
poses a lot of opportunities to convert the new constructions as resource and energy 
efficient.

The present trend of Green building is to achieve Net Zero Energy Biding (NZEB) 
status; the pre-requisite to achieve NZEB state is to maximize energy efficiency (i.e., 
minimize the EPI) so that the annual energy requirement of the building can be met 
from the renewable sources based energy generated by and from the building.

Technology, innovation and sustainability will be key drivers for value in the case of 
future cities and its buildings. All buildings will need to have ‘sustainability’ ratings, 
while new developments will need to be ‘sustainable’.

It is a proven fact that ECBC compliance results 30% to 60% energy savings 
compared to conventional design and construction, and in turn the reduction in 
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carbon foot print. In this direction, the following points may be actively considered 
for immediate implementation.

i. Ensure implementation of ECBC for commercial buildings and for all Public/
Govt. buildings (and other buildings, as much as possible) 

ii. Initiate intensive monitoring of the energy efficiency and carbon foot print, 
including water foot print, waste management, etc. of major buildings by the 
concerned Urban Local Bodies(ULBs), Urban Development Departments (UDDs)
and Local Self Government Institutions (LSGIs)

iii. Benchmark the energy efficiency and carbon foot print according to building 
typologies and activities carried out inside the buildings 

iv. Prepare database, continuously updated, for all energy efficient and green 
materials and construction technologies 

v. Target Net Zero Energy Building (NZEB) 

vi. Extensive multi- media awareness campaign on energy efficient buddings

vii. Mandatory Certification programme for builders, architects and Government 
officials on energy conservation building code and related aspects 

viii. Financing for energy efficient buildings including for renovation/upgrade, 
focussing energy efficiency 

ix. Mandatory energy efficient star labelling or proper rating scheme for all public 
buildings and malls, hospitals, hotels, other commercial buildings

x. Develop enabling provisions and codes for residential buildings for energy 
efficiency (ECBC for residential sector is actively being considered) 

xi. Identifying and implementing retrofit program for existing buildings, phase wise

xii. Periodically update ECBC (e.g.: ECBC 2016, Draft is in discussion)

xiii. Initiates R & D projects on energy efficient green buildings

xiv. Form Centres of Excellence in this field with regional presence and nurturing 
innovative initiatives 

xv. Focused program for skilled labour-masons, plumbers, electricians and all 
other human resources in the building design, construction and operation and 
maintenance sectors, including mandatory certifications

ConClUsion

The demand and supply of energy reflect and interact with the structure and extent of 
urbanisation. Sustainable Urban Energy Management, which is beyond conventional 
planning approaches, should have policy provisions with technical guidelines and 
active institutional mechanism. Capacity building of the human resource in the 
Local Self Government institutions (LSGIs), Urban Local Bodies (ULBs) and other 
key stakeholders in the area of planning and implementation of sustainable solutions 
in the urban energy sector is a critical component. Energy Conservation Building 
Code is a commendable example in this direction.

Governments as well as urban administrations, strive to improve the livelihood and 
quality of urban inhabitants, many of them with inadequate, inefficient and aging 
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infrastructure. Urban planners and managers try to produce and integrate renewable 
energy, implement distributed electrical power systems, promote and develop 
sustainable transportations, promote energy efficient and environmentally friendly 
buildings and infrastructure and attempt to design and implement waste management 
measures to reduce carbon footprint. All these have to be well integrated as enabling 
binding provision in sustainable policy measures and technical guidelines 
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introdUCtion

Cities are rapidly becoming the engines of economic growth all over the developing 
world. In India, though only about 30% of the national population resides in urban 
areas, they generate over 60% of the Gross Domestic Product. Recent rapid urban 
development in India has resulted in transport problems such as traffic congestion, 
delays and increase in traffic accidents in all the Cities/Towns. Although the State 
governments and the local administrations have made substantial efforts to improve 
urban transport, problems have been exacerbated by the rapidly increasing number 
of private vehicles. Thus, it is important to prepare long-term strategic plans focused 
on mobility of people as a basis for developing cost-effective and equitable urban 
transport measures with an appropriate and consistent methodology, in line with the 
National Urban Transport Policy (NUTP) issued by Ministry of Urban Development 
(MoUD), Government of India. NUTP focus on moving people rather than vehicles 
by providing sustainable mobility and accessibility to all citizens to jobs, education, 
social services and recreation at affordable cost and within reasonable time. It is in 
this context that the idea of implementing Sustainable Urban Mobility Plan (SUMP) 
should be sought of. 

sUstainablE Urban mobility plan 

A Sustainable Urban Mobility Plan (SUMP) aims to create a sustainable urban 
transport system by increasing the efficiency and cost-effectiveness of the 
transportation of persons and goods; reducing pollution, greenhouse gas emissions 
and energy consumption; enhancing the attractiveness and quality of the urban 
environment; ensuring the accessibility of jobs and services to all; and improving 
safety and security.

A Sustainable Urban Mobility Plan has as its central goal improving accessibility 
of urban areas and providing high-quality and sustainable mobility and transport 
to, through and within the urban area. A Sustainable Urban Mobility Plan fosters 
a balanced development of all relevant transport modes, while encouraging a 
shift towards more sustainable modes. The plan puts forward an integrated set of 
technical, infrastructure, policy-based, and soft measures to improve performance 

Sustainable Urban Mobility Plan

dr. b.g. sreedevi
Director, National Transportation Planning and Research Centrre.(NATPAC), 
Thiruvanathapuram
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and cost-effectiveness of the transport system in the area under consideration. The 
major components to be incorporated for the efficient operation of SUMP, referred by 
NUTP are as follows: 

•	 Integrated	Land	Use	and	Transport	Planning:	Urban Transport Planning has to 
be intrinsically linked with land use planning when developing SUMP, which 
enables a City to take an urban form that best suits the geographical constraints of 
its location and also one that best supports the key social and economic activities 
of its residents.

•	 Modal	Mix	and	Priorities: Selection of transport modes should be carefully done 
depending upon the specific characteristics of each City with priority given to 
sustainable modes of transport.

•	 Transit	Oriented	Development:	Emphasis should be given for Transit Oriented 
Development (TOD) with increased FAR along transit corridors with high density 
of population, as a part of planning which helps in creating a more sustainable 
community. 

•	 Transportation	 Demand	 Management:	 Transportation Demand Management 
(TDM) constitutes a set of policies that influence the travel behavior of commuters; 
with the aim of maximizing the efficiency of Urban Transport by promoting more 
effective, healthy and environment friendly modes of transport.

•	 Controlling	 the	 Use	 of	 Personal	 Vehicles:	 Use of personal motorized vehicles 
should be controlled by augmenting or rationalizing Public Transport along with 
other Governmental policies such as pedestrianized areas, car limited zones, 
congestion pricing zones, no-emission zones, high parking charges, park & ride 
facility, etc.

•	 Planning	 for	 Freight	 Traffic:	 Timely and smooth movement of freight traffic 
without affecting the passenger traffic movement should be ensured by taking 
necessary steps such as earmarking late night hours for the movement of freight, 
restricting the entry of heavy vehicles into Cities during day time, constructing 
by-passes for the movement of through traffic, providing parking facilities for 
freight vehicles outside city limits, etc.

•	 Service	 Level	 Benchmarks:	 Service Level Benchmarks (SLB) issued by MoUD 
can be used to assess the benefits derived from investments in Urban Transport. 
All future investments planned for a City should be directed towards initiatives 
which would improve the Level of Services under each category of SLB. 

bEnEFits oF sUstainablE Urban mobility plan 

The major benefits which can be reaped with the help of SUMP are: Improved 
mobility and accessibility to urban areas and their services; Potential to reach more 
people and better respond to the needs of different user groups; Improved image of a 
City for being innovative and forward-looking; Environmental and health benefits by 
bringing in air quality improvements, noise reductions and climate change mitigation 
and; Citizen & stakeholder supported decisions, thus obtaining a significant level of 
“public legitimacy”, while taking decisions for or against urban mobility measures.



ThiruvananthapuramKerala Environment Congress 2016

16 CED & EMC

ConClUsion

The current approach to Urban Transport is unsustainable at multiple levels due 
to inadequacies in existing land use planning, lack of an apex body to address and 
co-ordinate Urban Transport issues, inefficient Public Transport system, lack of 
integration of freight transport with Urban Transport, etc. Urbanization is only going 
to increase in Indian Cities and the current approach relies on restrictive regulations 
to influence demand and supply. So, there is an urgent need to develop guidelines for 
sustainable urban transport that can help mitigate these issues and implementable in 
the long term help strengthen the process of urbanization.
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Thiruvananthapuram urban area in Kerala, is transforming itself into a steadily 
growing urban centre, due to steady rise in commercial activities, rapid urbanization 
and fast track development leading to steep rise in travel demand. Within the 
city, city buses, taxis and auto rickshaws are the primary means of transportation. 
Scooters, motorcycles and cars are the favored means of personal transport. The 
number of vehicles on the roads in the State is to reach nearly close to 1 crore. 
This study focuses on the assessment of Automobile tailpipe emission (ATE) in 
Thiruvananthapuram urban centre by inventorying automobile population for the 
major corridors. ATE estimation done using emission factor method, ranking the 
road corridors in terms of emission and possible preventive and mitigation measures 
for abatement is made. 24 Major corridors were selected for mid-block traffic volume 
count. At all the 24 corridors, following the Indian Road Congress Guidelines (IRCG), 
classified- traffic-volume-counts were carried out on a typical working day. At each 
corridor, bi-directional counts were carried out by vehicle types viz., two wheeler, 
auto rickshaw, car/jeep/van, mini bus, standard bus, light commercial vehicles 
(LCV), 2/3 axle truck, multi axle vehicle (MAV), tractor and others (bulldozer, crane, 
JCB etc.). The ATE of each corridor was quantified based on the number of vehicles 
and distance travelled per vehicle types: E	i	=	∑	(Vehj	x	Dj)	x	Ei,	j,	km	

Where; E i – emission of compound (i); Vehj– number of vehicles per type; Dj – 
Vehicle kilometers travelled (VKT); Ei,j, km – emission factor (i); vehicle type (j) per 
driven kilometer.

The results of the study show that Kesavadasapuram – Pattom corridor had the 
highest vehicle population of 68357 PCU followed by Pattom – Plamoodu corridor 
65908 PCU, Killipalam – Karamana corridor 61316 PCU, East Fort – Over Bridge 
corridor 55700 PCU and Palayam – Over Bridge corridor 47339 PCU. The list of 
dominant vehicle type is topped by two wheelers (43.42%), then by Car/Jeep/Van/
Taxi (29.58%) followed by passenger auto rickshaw (17.79%), Mini bus (0.8%) and 
standard bus (5.97%). The goods vehicles such as goods auto rickshaw (0.93%), 
mini truck (0.78%), truck/trailer (0.63%) and others (0.11%) were also observed. 
Kazhakoottam – Sreekariyam topped the emission ranking followed by Medical 
College – Pettah and Sreekariyam – Ulloor corridors. The lowest ATE occurred at 
PMG-LMS and Attakulangara – Manacaud corridors.

Vehicular Emission Ranking of Major road corridors in 
Thiruvananthapuram Urban centre

p. Kalaiarasan1, and dr. b.g. sreedevi2

1Scientist C, 2Director 
National Transportation Planning and Research Centre (NATPAC), Thiruvananthapuram
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As Kochi has a good network of inland waterway system of backwaters, canals, 
lagoons and estuaries, the inland Water Transportation (IWT) holds enormous 
potential for improving the mobility, increasing accessibility and supporting 
redevelopment objectives in the Kochi Region. Champakkara canal (CC) between 
Thevara and Chitrapuzha Railway bridge, Ambalamugal, is a tributary of Periyar, 
connecting industrial township of Ambalamugal and Kochi. A leading channel called 
Kadambrayar takes off from CC at Brahmapuram, ~2.0 km upstream of Chitrapuzha 
Road Bridge (Airport-Seaport road) towards Pallikkara, connecting the amusement 
park “Wonderla” and Kadambrayar Eco-tourism project, Pazhanganad. The stretch 
of Kadambrayar, between Eco tourism project spot and its confluence with CC is 6.9 
km. The study aims at assessing the present transportation scenario and developing 
a plan for the waterway renovation connecting Vyttila with Kakkand through 
Kadambrayar, Ernakulam Dist., for tourist and passenger traffic. This study assessed 
the navigability of the leading channels from tourism and passenger transport points 
of view and reasons for the decline of water transportation. The major tasks involved 
in the study are detailed inventory of the canal, analysis of the existing facilities and 
demand proposal for new facilities along with a cost estimate. Firstly the variable 
depth of water way, followed by infestation of water surface by water hyacinth and 
other (macro-phytes) aquatic weeds lining either shores of entire waterway or fully 
covering the water surface are assessed. 

As one of the measures to promote tourism and water transportation activities in the 
river, the proposal envisages developing and maintaining a channel of bottom width 
of 20.0 m, depth of 2.0 m below lowest low water and side slope of 1:3. The estimated 
volume to be dredged for developing of Kadambrayar (confluence to Kadambrayar 
eco-tourism spot) stands at 31,104.0 m3 and that of Wonderla channel is 34,080.0 
m3 , along with channel shore protection for an estimated length of 16000.0 m. 
Water hyacinth/ water weeds need to be removed as part of channel maintenance. A 
floating jetty each is proposed at Manakkakadavu Bridge, Smart city, Brahmapuram 
Bridge and Wonderla car park for embarkation and disembarkation of tourists and 
passengers. 

Renovation of Inland Waterways for Tourism and 
Passenger Transport- A Case study of Kadambrayar 
River in Kochi 

sabitha n.m.1 and dr. b.g. sreedevi2

1Scientist C, 2Director
National Transportation Planning and Research Centre (NATPAC), Thiruvananthapuram
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The chief objective of the study is to evolve a traffic forecasting scenario and the 
transportation demands and to evolve a strategy for effectively managing the trips 
generated as a result of the proposed “Technocity Campus, Pallippuram (TCP), 
Thiruvananthapuram and to examine technical feasibility of a grade separated 
facility for better of service to the road users. The proposed TCP on either sides of 
NH 66 at Pallippuram, and anticipated new traffic will need an intersection at 760 
m behind the Central Rerserve Police Force (CRPF) Campus Junction, Pallippuram. 
Methodology included reconnaissance followed by inventory, review of past 
studies, estimation of existing link volume, intersection volume and projection of 
traffic, trip rate analysis and estimation of new trips generated by TCP, assessing 
of capacity constraints and deficiencies in future, transportation demands, and 
finally examining the need and suitability of providing a grade separated facility to 
manage the new traffic. The present traffic in the NH66 is analysed to generate future 
traffic on the growth rate method for the year 2020. The anticipated traffic from 
TCP was calculated taking into account the total trips generated based on changed 
land use. The peak hour traffic of 2,749 PCU was observed between 9:15A.M and 
10:15 AM. The existing link volume through NH is in the order of 33087 PCUs. 
The estimated traffic is partitioned into varied category of vehicles based on existing 
traffic proportion in the Techno park Phase I. Again, the respective trip rates based 
on land use has been identified based on the earlier studies by NATPAC and archival 
data. The total peak hour trips of 86350 are generated based on varying land uses and 
considering the Floor Area Ratio (FAR) as per KMBR 2013. Based on the current and 
predicted future traffic, on the NH66 the technical feasibility of providing a grade 
separator is examined. The predictions of travel pattern and transportation needs, for 
the target year of 2020 are founded on a rational and scientific basis and the changing 
traffic scenarios are forecasted and evaluated. 

The predicted traffic at CRPF and TCP Main gate junctions invoke or attract the IRC 
stipulations for a grade separated facility in the form of flyover/underpass/ overpass. 
Such a grade separator at the intersection establishes the continuity between the 
Eastern and Western campuses of TCP, thereby ensuring mobility and accessibility.

Transportation Demand Management for an IT park 
with direct access to National Highway

wilson K.C.1, salini p.n.2., v.s. sanjay Kumar3

1Scientist C, 2Scientist C, 3Scientist E1, National Transportation Planning and Research Centre 
(NATPAC), Thiruvanathapuram
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introdUCtion

Management of water and wastewater in urban areas will be a major challenge. Factors 
which lead to challenges in urban utilities management include: (i) unplanned urban 
gowth; (ii) slums and poverty groth, (iii) aging infrastructure, (iv) unacounted water, 
(iv) problems in urban sanitation, (v) under investment in infrastucture development, 
(vi) underpriced systems, (vii) weak political leadership, (viii) weak regulation, (ix) 
complex institutional structure etc. (McIntosh, 2014). Although all cities across the 
world face this problem, it is more aggravted in India, considering the present status. 
Currently, only 80% of the urban poulation is covered by the water supply and the 
average supply is for about 4.3 hours in a day (Nag and Garg, 2013). Although the 
Government of India is keen to supply water 24 × 7, at present, none of the cities but 
for Thiruvanathapuram is able to achieve this. 

The scenario with regard to sanitation, solid waste and wastewater managements 
is worse. Wastewater collection and treatment is one of the most neglected services 
among all urban services. In India, nearly 40 million urban households suffer from 
inadequate sanitation. Only 21% of rural population and 47% of urban population 
have access sanitation facilities (SANDEC/EAWAG, 2010). Many cities with a 
polulation of more than one million have some sort of sewerage system. However, 
these systems cater to only a part of the population. Coastal cities and cities located on 
the banks of rivers discharge the untreated and partially treated wastewater into the 
nearby water bodies. In many cities, wastewater treatment is limited to septic tanks. 
Uncontrolled and unsupervised use of septic tanks has lead to severe groundwater 
contamination. Out of approximately 24000 MLD of wastewater generated in Class-I 
cities in India, only about 7000 MLD (29.2%) is treated, while out of 2500 MLD of 
wastewater generated in Class-II cities, only 90 MLD is treated. Twenty seven cities 
have only primary treatment facilities and forty-nine have primary and secondary 
treatment facilities. Thus, there is a large gap between generation and treatment 
of wastewater in India. Even the treatment capacity existing is also not effectively 
utilized due to operation and maintenance problems. In this context, it is important 
to note that about 46.1% of urban households are connected to septic tank/flush 

Sustainable Wastewater Management:  
Role of Decentralized and Onsite Systems

dr. ligy philip
Professor, Department of Civil Engineering
Indian Institute of Technology Madras, Chennai -600 036, INDIA
E-mail: ligy@iitm.ac.in
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latrines, 14.6% have pit latrines, 13% have other latrines and 26.3% are without any 
latrines. The amount of septage treated is very less (Census, 2011).

It is estimated that about 73 million working days are lost due water borne deseases. 
6.4% of Indian GDP is lost due to improper sanitation. Economic loss in tourism 
industry is approximately $ 448 million per year . Also, improper management of 
wastewater is leading to severe contamination of the water bodies such as rivers, 
lakes, ponds, and the groundwater resources. 

All the above data indicate that significant attention should be paid to the way the 
water and wastewater are managed in the upcoming smart cities, in order to avoid 
repeating the past mistakes. The sustainability concept should be built across the 
entire spectrum of activities dealing with water and waste management. Reduce, 
recycle and reuse principle has to be integral part of waste management practices. 
This short communication provides a conceptual note for sustainable wastewater 
management. 

wastewater management 

Wastewater treatment systems can be i) centralised, ii) decentralised or iii) onsite 
systesms. First and foremost, the city sanitation plan should have a combination of 
centralized, decentralized and on-site wastewater treatment systems. There should be 
a minimum need for transport of wastewater from the location where it is generated 
to the location where it is treated. Onsite wastewater treatment systems should be 
sustainable i.e., they should use minimum number of pumps or other electrical 
equipments, with minimum level of monitoring and control. The level of treatment 
should be such that the treated wastewater can be used for agriculture, horticulture 
and landscaping, depending on the need. It can also be used for toilet flushing 
through a dual piping system. This reduces the overall demand for freshwater and 
helps to build green / sustainable dwellings and protect the environment. However, if 
proper monitoring and regulation is not in place, decentralised and onsite wastewater 
treatment systems can become a threat to the environment and especially the 
surface and subsurface water quality. There are numerous examples of such cases. 
In Kerala, many of the wells are contaminated by fecal coliforms. Improper design 
and construction of septic tanks, lack of maintanence and weak regulations enhance 
such a menace. 

decentralised wastewatwer managemnt systesms

Decentralized wastewater treatment system (DEWATS) has been promoted and 
practiced with verve and vigour since the late 90’s in India. Decentralized wastewater 
treatment system (DEWATS) employs a combination of onsite and/or cluster systems 
and is used to treat and dispose of wastewater from dwellings and businesses close 
to the source (Obropta and Berry 2005). DEWATS consist of a variety of approaches 
for collection, treatment, and dispersal/reuse of wastewater for residential, industrial 
or institutional facilities, clusters of homes or businesses, and entire communities 
(municipal) (NSFC, 2000). These systems can serve on a variety of scales including 
individual dwellings, businesses, or small communities; Treat wastewater to levels 
protective of public health and water quality; Comply with prescribed discharge 
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regulatory codes; and work well in rural, suburban and urban settings (Klatte, 2004; 
Inspiration, 2013). The advantages of decentralized wastewater treatment includes 
but not limited to: being cost-effective and economical, avoiding large capital costs, 
reducing operation and maintenance costs, promoting business and job opportunities, 
green and sustainable, benefiting water quality and availability, using energy and 
land wisely, responding to growth while preserving green space, public health, and 
water quality, protecting the community’s health, reducing conventional pollutants, 
nutrients, and emerging contaminants, mitigating contamination and health risks 
associated with wastewater (Klatte, 2004; EPA, 2002). 

Of the >1900 nos of decentralized wastewater treatment plants (WWTPs) of different 
technology types that have been installed all over India, not all are well functioned. 
There have been several failures including lack of knowledge on operation and 
maintenance. Further prevalent causes such as intermittent energy supply, lack 
of skilled manpower and irregular maintenance, process instability, plant aging, 
hydraulic shock loading and overloading, design and installation problems 
have been reported (EPA, 2002). A consolidated evaluation and review of all the 
existing decentralized plants were lacking. There is only limited knowledge on 
the performance of those available existing technologies. A comprehensive review 
and evaluation of around 14 DWWTPs were carried out, in order to derive sound 
conclusions and recommendations for future wastewater management strategies in 
India.

The performance assessment of the 14 WWTPs with 6 technologies have yielded 
interesting outcomes which are primarily dependent upon access to plants, operating 
personnel and uninterrupted power supply. The performance of the plants during the 
evaluation in terms of organic, nutrient and solids removal is based on the strength 
and merit of each technology and the choices adopted in sustainable practices of the 
same. The comparison of performances of various technologies is given in Table 1. It 
is clear from Table 1 that irrespective of the technology, some plants are performing 
well and others are not. The major requirements for a plant to perform well are 1) 
proper operation and maintenance ii) availability of skilled personnel and iii) un-
interrupted power supply where ever it is needed, provided the plants are designed 
and constructed properly. 
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onsite treatment systems

Various onsite treatment systems are available. The most commonly employed one is 
septic tank. It is essential to monitor the performance of onsite systems and enforce 
the regulatory norms for the treatment efficiency. Many of the onsite treatment 
systems existing in India are not designed and constructed properly. As a result, their 
performance is not meeting the standards. Another approach is that the dwellings 
can be designed to have eco friendly and sustainable toilets, which do not generate 
any waste. It should be recognized that wastewater and human excreta are valuable 
resources. About 135 Million tons of mineral fertilizer is required by the farmers 
around the world for their crops, while 50 Million tons of fertilizer equivalent 
from wastewater flows into the water bodies. Appropriate technologies need to be 
developed and adopted for recovering the nutrients from wastewater and excreta. 
One can think of toilets where the liquids are separated, treated and then recycled 
for flushing the toilet. The solids can be treated and used for organic farming. This 
calls for innovative design of toilets (Werner, 2005). 

It is time to practice the zero liquid discharge concept in houses also. Treat and reuse 
as much wastewater as possible. To achieve this, one has to have technologies which 
are i ) reliable, ii) sustainable, iii) socially acceptable, iv) cost effective, v) able to 
work off the grid and vi) requires less operation and maintenance and monitoring. 
A sustainable water and wastewater management scheme for a person is shown in 
Fig.1. It is clear from the figure that, if one can judiciously plan the treatment and 
reuse systems, the fresh water requirements can be reduced significantly. 

Figure1 
water and wastewater managemnet scheme for a person to  

achive Zero liquid discharge (Zld)

ConClUsions

Wastewater management is very essential to provide safe drinking water and to 
protect the water bodies. Various approaches are available for the management of 
wastewater. For any sustainable system closed loop approach is essential. For this, 
consider waste as a resource, and treat it and recycle it in a socially acceptable 
manner.
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Rapid increase in population and changes in the production and consumption 
practices result in generation of solid wastes from domestic, commercial, institutional, 
industrial and agricultural sectors of the society. These include biodegradable food 
wastes and garden wastes, recyclable packaging wastes, unhygienic sanitary wastes, 
domestic hazardous and electronic wastes to inert construction and demolition 
wastes. Environmentally sound and sustainable management of such wastes in a 
responsible manner, with minimum detrimental effects on human health and eco 
system, within the limitations of technical, organizational and financial resources 
at hand is one of the critical challenges of urbanization. The National Environment 
Policy as well as the recently updated legislations in India pertaining to waste 
management envisage segregation, recycling and the recovery of solid waste, 
strengthening the informal sector for collection and recycling of various materials 
and implementation of strategies for recycle, recovery and final environmentally 
benign processing and disposal through relevant technologies. Some waste streams 
– such as bio medical waste, e-waste, plastic waste, construction and demolition 
waste - need technical interventions which work best at larger scale because of the 
kind of technologies needed and the regulation required to keep their operations 
within discharge and emission limits. However degradable urban waste - generated 
in households, institutions and markets places – can be processed using technologies 
such as composting and bio-methanation, which can be applied both centrally and at 
decentralised levels as depicted in Figure 1.

The Municipal solid waste (MSW) in India consist of a large organic fraction (40–
60%) and inerts (30–40%) with low recyclables in terms of paper (3–6%) and plastic, 
glass and metals (each less than 1%). The high inert content of MSW is due to 
the mixing of street sweepings, drain silt, and construction and demolition debris 
during waste collection and transportation. The hot climate, limited storage space 
in living premises and a high putrescible content of the refuse makes it necessary to 
collect the organic fraction every day. High organic content suggests that recovering 
organic waste through composting and biomethanation should be seen as the 
‘baseline’ technology rather than landfill disposal or thermal treatment. Many fully 
mechanized waste treatment facilities in India have not been operated or abandoned 

Urban Solid Waste Management –  
Technological Options 

dr. Kurian Joseph
Professor of Environmental Engineering
Centre for Environmental Studies, Anna University, Chennai – 600025
E mail: kuttiani@gmail.com



ThiruvananthapuramKerala Environment Congress 2016

32 CED & EMC

due to high operation and maintenance cost. There exists the need to develop local 
solutions by local providers which could be more appropriate for specific waste 
management purposes, such as customized collection vehicles for example, than the 
already commercially available.

Figure 1 
Urban waste management Critical Elements and technologies

Organizing door-to-door collection of segregated waste to be the irreversible strategic 
approach to prevent residents from dumping their garbage out. The source segregated 
wet and dry waste from all sources are to be preferably managed by community 
based organisations such as residents’ associations, and welfare societies. Mandatory 
segregation and processing of waste at source may begin with gated communities, 
institutions, hotels, markets and marriage halls. Despite the difficult and risky 
working conditions, the contribution of informal sector to recycling and recovery 
of paper, plastics, rags, metal and glass is important and in many cases the only 
available option that needs to be integrated with the formal door to door collection 
services or community based resource recovery centres. A win-win solutions in terms 
of environmental protection, reduced costs to the city for managing its wastes and 
opportunities for people’s livelihoods needs to be developed. As a part of this process 
waste pickers should be provided with space to segregate waste and protection 
from the associated health hazards. The creativity of local contractors and informal 
sector to be utilized as much as possible to develop low-cost decentralized solutions 
along with a core of responsible officers and entities that will have the capacity to 
understand and evaluate suitable solutions. Creation of micro-enterprises that use 
the special skills of informal recyclers to transform recyclables into articles traded 
directly to the community and being affordable by the poor will be an opportunity. 
Contracts for primary collection and segregation could be given directly to the 
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informal sector by the municipalities through Resident Welfare Associations (RWAs) 
or Self Help Groups(SHGs). Municipal corporations and other urban local bodies 
should work out a direct contract between them and the informal sector without 
involving the private agencies.

The technology options could be Composting, Biomethanation, Co- Processing of 
dry segregated rejects in cement/ power plants and utilization of construction and 
demolition debris. Local bodies are cautioned not to adopt expensive technologies 
of power generation, fuel pellatization, incineration etc., until they are proven 
under Indian condition. Composting of MSW is considered as the most important 
technology for the biological processing and recycling of biodegradable organics and 
nutrients. Full scale composting technology for source separated MSW, mechanically 
separated MSW and mixed MSW is already commercially available and in use, 
though its application is often limited by process economics, compost quality 
and availability of markets for compost. It is critical that the compost so produced 
shall be environmentally safe, particularly regarding heavy metals and it should be 
ensured through proper testing and certification. Biological processing of mixed 
municipal waste yields low quality compost which may have contaminants in excess 
of permissible limits. Producing compost acceptable in quality and price to buyers, 
on the scale that can significantly reduce urban organic solid waste, would seem to 
require large-scale ‘separation at source’ and a mechanism to separately collect such 
wastes by households and bulk generators (food processing plants, wholesale market 
terminals, green markets, large hotels, large restaurants, large institutions, parks). 

Landfills and centralized waste management facilities are to be regionally shared, 
clubbing multiple municipalities in clusters, accompanied by regional cooperation 
and fair cost-sharing arrangements. The operation and management may be handled 
through a professional agency, the cost of which is shared by the participating 
municipalities in the form of tipping fees proportional with the waste delivered 
to the site. Urban Local bodies (ULBs) are encouraged to facilitate levying user 
charges, penalties for violators and explore revenue options like revenues from sale 
of waste and by products, Landfill tax or processing fee etc., to achieve financial 
sustainability. Phasing out and upgrading old open dumps and reclamation of the 
dumpsites through recovery of the decomposed matter through ‘Bio- mining’ and 
capping of the non-bio degradable in a scientific manner is also mandated.

Sustainable urban waste management solutions need to embrace opportunities to 
reuse and recycle and engage with citizens. There is a need for formal and deeper 
interactions between policy makers, State level urban development bodies, municipal 
bodies and other environment, livelihood and health stakeholders to shift waste 
management from an environment-only policy issue to a mix of policy concerning 
urban planning, environmental health and social justice integrating both the formal 
and informal operations. Undesired consumption of resources need to be reduced 
and source segregation of waste to be ensured. Cost recovery for waste management 
services, skill development in formal and informal sector, market for compost and 
recycled products, development of regional recycling infrastructure needs to be in 
the priority list of the urban development Agenda. Corporate social responsibility 
funding may be channelized to facilitate and promote decentralized source level 
waste processing. 
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The SWM trajectory in India has now been predominantly citizen and technology 
driven one. Starting in late -1930s when the first attempt to create and use “town 
compost” back into the agricultural applications (Acharya, 1940), Bangalore and 
India has seen a large number of attempts to firstly re-use MSW productively and 
second find a ‘lasting technology solution’ to it (read sustainable). The citizens of 
Bangalore have been very vociferous in working with ULBs to workout sustainable 
solutions and do not aspire merely in getting rid of MSW from their door-step or 
‘backyard’’. In this article the author attempts to recall these efforts starting from mid-
1970s the nature and import of such efforts. It is important to acknowledge that there 
were several other towns and cities that have tried out solutions at various levels of 
success, yet, Bangalore stands out as exemplar par excellence predominantly due 
to participatory rather than confrontational approaches adopted on the one side nd 
technology innovativeness on the other. Another important component has been 
the ability of the Corporations to try out pioneering attempts using novel solutions. 
These two make Bangalore a unique study sample and analyze the causes of “dis-
satisfaction” leading to newer and better approaches in handling the emerging 
challenges of SMW both in Bangalore and in India.

Changing pErCEption and CitiZEns’ involvEmEnt

Blessed with many scientific, research and social-science institutes the problems 
of SWM have been addressed by various institutions over decades from both us 
technology and participatory approaches. As indicated above town compost as a 
scientific recommendation for recycling plant nutrients and humus into agriculture 
emerged around 1930s with some form of recommendations emerging from IISc’s 
work in that period. An idea of continuous compost has origins around this 
period (Acharya, 1940). Subsequently in the 70’s more organized and mechanized 
composting was initiated with imported machinery which was soon replaced by 
local innovations. The Karnataka Compost Development Corporation (KCDC) has the 
unbeatable achievement of being the only self managed (and economically viable) 
compost development corporations that remained viable for over four decades and 
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yet its operations were closed down for want of capacity and city expansion allowing 
households to build next to it.

CitiZEns’ ConCErns: 

It is now well known that the drive to get new SWM rules in place originated in 
Bangalore driven both by the inadequateness as well as inappropriateness of the 
collection, transport and processing/disposal components of SWM of the early 
1990s. A study attempted to understand in depth the inadequacies of linkages and 
processes. One of the lead papers alluded to issues especially the use of large trucks 
into street-level collection where 10-tonners collected 30-50kg from ‘ugly’ street level 
bins, being both inefficient, expensive and inappropriate-unsustainable (Velu et al, 
1994). Capt. Velu and Ms Patel used these as concerns and went on to file a PIL in 
the Hon. Supreme Court. This in turn became the base document to formulate the 
SWM2000(M&H) Rules. 

administrations’ ComplianCE EFForts:

One of the difficult parts of the complying with SWM2000 has been the need to 
create working /administrative thumb rules, procedures and operational capabilities 
for ULBs to follow and quickly adopt SWM2000 Rules. Reigning administrative rules 
lay down stringent experience and financial capability standards to choose bidders. 
Naturally there was no previous experience in this area among eligible bidders and 
none of the bidders could qualify to conventional ‘critical bid criteria’. It is then new 
‘contract rules’ were brought out keeping in view the interests of both the ‘industry’ 
and the ULB. This enabled JVs being made between conventional contractors with 
MSW professionals and thus bringing out several bidders for various sized ULBs. 
Similarly, active participation of the Judiciary, Regulatory Bodies, etc. have ensured 
all hurdles have been removed in the path of establishing required collection, 
transport, processing and disposal infrastructure.

soCio-politiCs and politiCal EConomy oF msw: 

MSW typically carries a baggage of local power systems to have bagged earlier 
contracts on collection and transport. As a consequence there is a strong local 
pressure to continue these earlier contracts. There is also a comfort situation that can 
be allocated to familiarity with these ‘known’ contractors. Rapid ‘socio-political or 
political-economic’ change is thus difficult to implement as there is both resentment 
as well as inertia. Convenience of continuing existing contracts /contractors as well 
as operating systems are therefore an easy and comfortable option and is generally 
the most sought after option. On the one side the shift of primary collection to ‘Stree 
Sanghas’ or RWAs has always brought in friction with transport contractors. 

Current collection and primary transport systems are finalized based on the weight of 
MSW transported and therefore this contracting system favours increasing the weight 
transported by i.mixing up with C&D wastes ii.use of mixed wastes iii.disruption of 
segregation at source and iv.rewarding higher transported /lifting quantities rather 
than rewarding a clean, segregated collection and processing system. Thus in this 
current system processes favour the contractor to collect as much MSW, as quickly 
as possible and with least effort. And since there is usually only one contractor for 
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all the four activities, primary collection, collection from trade and commerce, street 
sweeping and primary transport, there is generally a mix-up of all sorts of wastes and 
as a consequence, the wastes collected in this fashion are not suitable for recycling, 
re-use or creating value added byproducts. However, the ideal system requires that 
there are separate contracts and processes and contracts /personnel for door-to-
door collection, collection from commercial establishments, street sweeping /drain 
cleaning and these wastes should be destined for separate end uses /applications. 

Public opinion has largely turned towards using sustainable practices for SWM. 
Last two elections to ULBs in the city have placed sustainable MSWM high on the 
political agenda – in fact many candidates have kept MSWM as the primary agenda in 
the previous elections. While in most cities, primary socio-political drive is towards 
better collection and cleaner streets, Bangalore citizens are unique in demanding 
more sustainable and environment friendly MSW practices in addition. Segregation 
has long been on their agenda along with decentralized /voluntary MSW processing. 
There is thus a larger level of attempted control on steps and processes. Thus unlike 
other cities, as there are very specified steps for treatment and disposal, there is 
about 12-15% leakage in transport and disposal leading to unauthorized dumps at 
thinly populated outskirts where population densities range from 100-1000/km2 and 
lie within 1km from the main /arterial roads. Greater attempt at control has resulted 
in a preference to dump under the cover of darkness or in remote locations when 
access to centralized units pose some form of inaccessibility.

Citizen groups and public consultations have been functioning very strongly. 
While democratic approaches have been resorted to, technically sound /sustainable 
solutions are yet to be accepted. As discussed later on in this paper, the MSW 
composition has gradually shifted to predominantly food and kitchen wastes taking 
up >85% of primary wastes collected at the domestic level. Food wastes make poor 
compost and yet the primary approach to treatment is by composting. There is also 
mis-representation of scientific components of the processes and as a result emphasis 
has often been placed on wrong aspects of the problem. For example sanitary napkins 
have been incorrectly accorded a place as biomedical wastes requiring households 
to treat sanitary pads as biomedical wastes. A regulatory approach at the city level 
guiding contents in manufacturing sanitary napkins could have easily allowed these 
wastes to be composted or biologically digested and classifying wastes only into dry 
and wet at this stage of environmental consciousness in the city. Similarly dry cells 
are often considered hazardous and toxic requiring them to be collected separately.

oUtComEs, groUnd rEalitiEs and lEssons lEarnt: 

MSW composition and access to land for processing and disposal has been a single 
most deterrent to centralized processing and disposal. It is important to think ahead, 
just as in the case of sewage systems, and build larger and currently required facilities 
that cater not only to the present but also to the future. Single large facility results 
in MSW taken over long distances and sometimes across the city and this in turn 
results in leakages and avoidance to best practices and options. More importantly, 
current options are hardly viable at the market place and increasing tendencies to 
pick up market based options lead to on the one side poorly viable solutions and 
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second higher financial inputs from the ULBs. It is desirable that we gradually shift 
to avoidance of transporting fermentable components of MSW over long distances 
and preferably not out of the locality or ward. And similarly handling the dry 
wastes separately and locally needs to be encouraged so that recycling begins early 
in the MSW management process. This strategy would enable lower level of mix 
up of MSW components and also increase the extent of MSW requiring disposal 
to <5%. Enabling newer technologies and also multiple end products needs to be 
evolved rapidly so that the market based approaches to sustainability would become 
successful. City Corporations need to invest on evolving technologies for SWM as 
much of the problems of Indian Cities are unique to India and ‘importing’ /adapting 
technologies would result in poor solutions.

tEChniCal pErspECtivE

The composition of the MSW generated in Bangalore has been constantly changing 
over the last 5-6 decades on the one hand. Second, threats due to mix up of human 
wastes have nearly disappeared and will become less of a reality in time to come. 
The need to worry out breaking the human-pathogen chain or the infection chain 
thus takes lower priority in deciding the future treatment options. As segregation is 
becoming accepted and dry and wet wastes are becoming available with reasonable 
level of separation, many new options including modern biotechnological options 
and production of various value added products can become a reality. A larger basket 
of saleable outputs means returning material into production cycles and increasing 
sustainability levels. These issues are discussed in the section below.

Changing Composition and Fight For sEgrEgation

Several reports have in the past clearly showed the changing composition of MSW 
collected and consigned for treatment. In the early 1930-60s mix up with house dust, 
street sweepings, lower extent of organic components /recyclables as well as presence 
of human wastes restricted the range of treatment options and final uses to only 
aerobic composting involving keeping a short thermophilic period to ‘pasteurize’ 
the wastes and render it pathogen free. With gradual removal of cattle and stray 
animals from cities, removal of street bins and collection directly from houses the 
food waste component has risen to levels in excess of 90%. The presence of high 
moisture containing food wastes that rapidly ferment shift the treatment options 
away from composting to anaerobic digestion. With a higher level of segregation 
into wet and dry it becomes a lot more convenient and acceptable to look for value 
added by-products not limited to methane or compost. Today a ton of wet wastes can 
generate 30kg LPG equivalent of biogas with a market value of ₹2500 and another 
₹2000 as recyclable components. When labour and capital is costed the net profit 
could be as small as ₹1500/ton. Ideally these options can survive only if capital is 
subsidized. Therefore, there is a need to on the one side address the possible change 
in composition and the types of recoverable materials that emerge from the waste. 
Second, there is a need to examine the various types of value added by products that 
can be made from these types and composition of waste that are likely to be collected 
in the future.
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Changing technology options and Centralization vs decentralization: 

As discussed above the composition of MSW has been changing over the last 6-8 
decades. Starting during the 1940s, the problem of ‘Town Compost’ has been believed 
to be a good material to create ‘anaerobic-aerobic’ compost (Bangalore method) and 
produce on a ‘continuous basis’ as opposed to the batch process typically practiced 
in agriculture (Acharya, 1940). Later, KCDC adopted windrow based composting 
using movable electrically driven augers. The compost produced thus was separated 
and sieved using three sequential trommels to yield a fine, medium and coarse 
composts traded towards different end-uses /markets. This technology enabled 
large scale composting and nearly all the town waste could be composted between 
1975-1990 after which the quantity of daily MSW increased beyond manageable 
capacities. KCDC was the only town compost generating Corporation across the 
country that recovered sufficient incomes to operate continuously over a period of 
30years. Yet similar systems set up across the country neither could make profit nor 
remain sustainable. Even when this was replicated in Bangalore by other systems 
at Mavallipura or Mandur, these could not sustain and function with the same 
technology nor scales in the range of 300-600tpd. These are also the experience 
from all other centralized systems predominantly because returns from attempting 
to compost mixed wastes have been poor and the extent of wastes to be disposed 
is rather high. Centralized systems have therefore performed poorly and cities like 
Bangalore have attempted decentralized (eight to ten) processing and disposal units 
in place of the existing one during the last few years. Further, all sites have been 
chosen such that transport of wastes can to be outwards from the city with minimal 
routes passing through the city centre unlike that of the past. 

The changing composition as well as increased levels of wet food wastes in the MSW 
has now made composting difficult. Increased food waste content has also increased 
the rapid initial anaerobic stage in the initial stages of composting process. Lack of 
adequate aeration and surplus moisture content both tend to increase the leachate 
produced per ton of MSW composted. This problem is compounded by increased 
plastic and inert content in the wastes. Overall, it is important to note that the 
resultant inability of the MSW to produce good compost that has high humic acid or 
humus forming ingredients.

inCinEration and politiCal CompUlsions

Due to its high moisture content, lack of adequate calorific value and finally the loss 
of manurial value during ignition and inability to be returned to natural cycles, etc. 
have all led to a general consensus among sustainability professionals that MSW of 
Bangalore should not be incinerated. This is also among the guidelines originally 
put out by the Hon. Supreme Court. Yet there have been several attempts to set 
up incineration units for MSW across the country. Two developments promote this 
mode of thought. Firstly, the increased quantities and content of non-usable plastics 
and non-recyclable paper, fabric and furniture is suggestive that at least a part of 
these wastes are suitable for waste to energy approaches.. Yet, in spite of unlikely 
economics as well as feasibility with a wet MSW, political compulsions have often 
attempted incineration or similar approaches because of the speed of setting up such 
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units as well as seemingly economic outputs as exemplified by similar units in the 
west. Owing to the poor combustion properties, many of such plants have led to 
serious air pollution problems.

EmErgEnCE oF biomEthanation and its UnsolvEd problEms: 

As a result of increased moisture content in MSW and predominant food waste 
fraction, biomethanation now appears to be one of the most suitable solutions. Food 
waste content if collected in a well segregated fashion, it can easily be pulverized 
and fed to conventional ‘Gobar-Gas’ type biogas plants. Modern biogas plants 
such as PFRs do not even need such wastes to be pulverized and can be fed as 
received conditions. Although India has installed 5 million biogas plants many of 
the biogas plants using MSW and food wastes have had persistent start-up problems, 
This technology is easy to replicate, upscale and down-scale and biogas produced 
has potential for filling up in CNG-like cylinders. It is important that we now link 
purified biogas with CNG networks and seamlessly use bio-CNG in all gas grids and 
end-use applications. It is heartening to note that efforts are underway to run city 
buses in Pune on bio-CNG on one side and even Indian Railways are looking towards 
running trains on Bio-CNG. Needless to say that the value of byproducts, CO2 in this 
case, is also high and such options can now make biodegradable waste processing 
commercially viable. However, digester slurry is still reasonably ‘value-less’ and 
more value added products are to be evolved such biodegradable waste processing 
becomes commercially viable on many counts. In a similar manner, it is seen that 
in order to ensure control and transparency in the overall business process, many 
of the earlier large biogas plants were coupled to power generation. In this route 
1m3 biogas yielded 1-1.2kWh electricity (₹4-6/m3 biogas) while as LPG substitute it 
could yield ₹15-20. Therefore these examples should not be used for demonstrating 
economic un-viability and instead should be used to indicate how technology can be 
successful while the business proposition /innovation could be poor. 

high valUE proCEssing and by-prodUCts:

The food components that enter the wastes are reasonably high value inputs and 
these can therefore be converted to high value products (>50/kg) such that from 
every kg of wastes one expects a value addition of ₹5. Today apart from biogas and 
a few groups trying for polylactate, there are very high value products. Technology 
groups now need to address these such that household fermentable wastes are quickly 
and in small-scale transformed to high value end-products such that economic 
incentives alone can rid the localities of fermentable products. Today these are few 
and Corporations itself should incentivise this process.

poliCy EnvironmEnt and options:

Bangalore has been a citizen-initiative driven SWM solution provider approach 
where citizens almost always have been the first to try an innovation and then ask 
the ULB to try them out. Biogas, vermicomposting, dry-waste collection (DWC) 
Centres, participatory weekly once cleaning of nearby localities, social media groups 
and internet based posting of ‘black-spots’, etc. are prime examples. As discussed 
earlier in text, it is important now that ULBs take bold decisions such that they can 
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force the market systems to use biodegradable or recyclable packaging. With direct 
marketing and online food ordering becoming popular, there is a need to indicate 
who is responsible for the packages thus delivered and what will be the EPRs related 
to them. In simple words, if ULBs formalize what types of packaging is acceptable 
to be used in a City, the problems of recycling, reuse and/or disposal are reasonably 
simplified. For many of the MSW problems policy options are easy to administer 
rather than stretch the limits of technology. Policy measures need to be far thinking 
and fire-fighting modes (plastic banning) can always lead to even more serious /larger 
disasters. In this way it is important to emulate the city of Bangalore in its ability to 
have dialogues across stakeholders including judiciary to move towards sustainable 
practices. Kerala as a state could take it up in legislature and formulate state level 
laws and guidelines using consensus and participation. India and the developing 
world are looking at models that can be easily implemented, having potential to be 
acceptable and thereby popular and participatory.
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introdUCtion

Accumulation of solid and liquid wastes is a burdening problem even in our small 
cities. This will lead to grave ecological problems of eutrophication of all our water 
bodies. By 2030, it is estimated that over 50 percent of our population will be urban, 
whereby, human food chain and nutrient cycles are going to become unstable as 
waste and by-products generated are not returned to soil. The rural and urban 
community in Kerala is passing through this serious crisis. Integrated aquaculture 
and agriculture offer opportunities at the farm and community level that facilitate 
recycling of nutrients by utilization of food byproducts and waste waters in to food 
production systems . Such a model project that ensure recycling of organic household 
organic wastes and waste waters for production of multiple foods,viz.,fish, vegetable, 
fruits etc has been developed. The ecological problems of waste accumulation can 
be resolved most effectively by shortening the food chain and sustaining circulation 
of resources.

The centralized waste dumping and garbage treatment that has been followed for 
long in our country has become a misery for people residing near dumping centers. In 
high rainfall state like Kerala, the leachate from such waste yards that flows to water 
in nearest rivers lead to severe problem of river pollution. The intolerable stench 
from the plants and pollution of water and air prompt the people to protest against 
such Government sponsored activities. The small kit of waste produced everyday in 
our houses or in large food establishments, eateries, hotels etc that has become the 
biggest social problem in Kerala. This has begun to haunt not only the administrators 
but also the general public as uncollected domestic garbage across our lanes and 
roads and failure to adopt state of the art methods of waste management has begun 
to result in serious consequences. The insanitary methods of disposal of solid wastes 
and failure to act by responsible Government system has begun to cause serious 
health concerns. The problem is of centralized treatment of wastes.

Many options are now available to treat bio-degradable garbage including organic 
food wastes. Vermi composting is an effective method by which residents can 
manage garbage on their premises. Although the Government departments have 
been struggling to popularize vermicomposting since long and exhorting that the 
compost thus produced can form manure for production of safe organic vegetables 

Bioremediation of Food wastes through Kitchen tank 
Fish Culture and Vegetable Farming

K.g. padmakumar
Director, International Research and Training Centre for Below Sealevel Farming (IRTCBSF), 
Kuttanad, Thottappally Spillways, Alappuzha
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for own consumption at home, such projects have failed because people are not 
passionate to such ideas or because the technology is not communicated properly 
and the required motivation has not occurred. The recent demonstrations on more 
simple and acceptable methods, like pipe composting that require very little space 
has also not received extensive adoption. The option of setting up a biogas plant is 
available since long. But none of these have really helped to resolve the problem to 
any size. 

KitChEn wastEs to KitChEn Fish 

Bioremediation of Food wastes through Kitchen tank Fish Culture is a model wherein 
household wastes and organic wastes from eating houses, hotels, hostels, canteens 
marriage halls etc can be managed effectively by popularizing waste management in 
to productive and income generating enterprises. This is a model that help citizens 
to reduce the quantum of degradable wastes to be managed by the governmental 
system most effectively by managing organic wastes locally. The project envisages 
an in-house model for recycling of organic household organic wastes for production 
of multiple foods, fish, vegetable, fruits etc. 

Fish spECiEs For biorEmEdiation 

Studies at Kumarakom Research centre (Padmakumar, 2012) has shown that fish 
species such as Koorivala Pangassius suchi, Manjakoori,Horabagrus brachysoma, 
tilapia Oreochromisnilotica,vazha koori, Mystus sp etc can be employed effectively 
for waste remediation. In situ handling and processing of biodegradable wastes by the 
generators themselves will mitigate sold waste accumulation to a large extent. Fishes 
that will grow in crowded condition at high stocking rates and assimilate all organic 
wastes is utilized. Fish that ensure fast growth rate and can ensure production of 
100-150 kg of good sized fish at home the quanity really needed for a household with 
4-5 membe4 A model design for such a tank for this system of waste utilization was 
therefore developed

The pond is designed to accommodate sufficient number of fishes to take care/ utilize 
full amount of organic and kitchen wastes generated. The fish species recommended 
are Malaysian catfish (Pangassius suchi ) or ‘Chemball’i (e xotic Anabas breeds) 
other hardy fish species such as Tilapia, Oreochromis nilotica, or endemic catfish 
Golden catfih, Horabagrus . brachysoma that feed voraciously on food wastes. Those 
fish species that tolerate high density farming conditions will only be employed for 
waste utization as a minimum fish production sufficient for the family needs is to be 
produced necessarily as a motivating element. Stocking density of fish shall be very 
high, 10-15 per m2. Fish can be harvested in 7-8 months. The new breeds of Tilapia 
GIFT Tilapia The GIFT Tilapia developed by the world fish centre that has begun 
become available is also a suitable species for tank farming. Indigenous fishes such 
as ‘kaari’ (Hetyeropneusteus) / Chemballi (Anabas) etc known to be insectivorous 
will also be popularized as these fishes have high consumer preference considering 
its possibility for high density culture

tanK dEsign For high dEnsity Fish Farming

The garden tank is constructed as per the design developed in this project to 
enable maintenance of water quality and accumulated waste debris automatically 
Ferrocement / cement tanks of any shape of size 10-20 sq m with a standard height of 
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1- 1.2 m can be set up in very small open residential spaces in rural and urban areas.
The pond is designed to accommodate sufficient number of fishes to take care/ utilize 
full amount of organic and kitchen wastes generated. The tank shall have a concave 
bottom with a central outlet on the tank floor . The bottom will have 30 percent slope 
to the centre so that any sediment matter deposited on any part of the tank bottom 
will roll down to the central opening where an outlet pipe of 2’ diameter is fixed up 
from the underneath. A detachable PVC pipe of 2” dia and 90cm long is fixed up 
vertically on to the central opening with in the tank so that a water depth equal to 
the height of the pipe ie., 90 cm is maintained. Excess water, if any added to the tank 
will naturally flow out through this pipe fixed up in the centre of the tank. In order 
to enable the natural removal of debris and sediment matter accumulated in the tank, 
another light PVC pipe of double the diameter 4’ or above and height 95 cm, slightly 
more than the previous one is placed freely over the fixed pipe so as to accommodate 
the original outlet within it. The debris accumulated at the bottom will naturally 
come up and flow out through the central outlet. This water containing fine organic 
articles including fish excreta or any deposit particles will naturally carried away 
when a small quantity of water is let in the tank for cleansing of the tank. The waste 
water containing the fish excreta is effectively utilized for fertigation of vegetable 
raised pots or grow bags 

Food wastE UtiliZation and FEEding praCtiCEs 

The tank is fed on any organic food item from the kitchen be it vegetable cuttings, 
fish waste food wastes uneaten food, dining table wastes etc. The fish stocked in 
high density will consume the food wastes voraciously. The feed provided shall not 
exceed 20 percent of the fish biomass in the tank. No fermented or decomposed 
food shall not be fed and all the fod waste shall be fed fresh. There shall not be 
any excess food left out in the tank and feed shall always be in deficit than that 
the fish can consume. If the quantum of food waste is high the built up tank size 
shall be enhanced accordingly. Fishes that tolerate low oxygen and are capable of 
utilizing atmospheric oxygen by frequent surfacing are ideally suited for this systems 
The high stocking density also help enhance oxygen levels in the tank due violent 
turbulence cussed by fish movements with in the tank.

FErtigation to vEgEtablE Farming 

The waste waters containing fish excreta and sediments periodically drained from 
the tank system can be utilized for vegetables farmed on beds or in vegetable pots 
or grow bags system, integrated to the fish tank system. The vegetables that can 
be raised on beds include Ladies finger (Okra), Cucumber, Ridged gourd, Bitter 
gourd, Snake gourd, Amaranth, Brinjal (egg plant), Pumpkin etc. .Apart from this, 
bottle gourd, Yard long bean. Bean, Tomato, cauliflower, Cabbage, Ginger, Chilli, etc. 
considered as good for winter crops. Some of these can be grown on the beds, year 
round rotationally. Integrated waste- to fish and vegetable system is a win-win kind 
of farming which can support high fish and vegetable yield without application of 
chemical fertilizer and pesticides and use of artificial feed for fishes.

typEs oF Food wastEs and qUantity 

Food wastes, vegetarian or non vegetarian wastes, including vegetable peelings, fish 
cut wastes, meat wastes, and all sorts of dining table wastes etc can be utilized as feed 
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for fishes. A pond system 10 m2 can convert 2-5 kg of waste per day. Considering the 
fact that a 5 member urban family produces over 1.5 kg of food waste per day, the tank 
size of 10 sq.m is sufficient to utilize all waste generated in such a a family. However 
for hostels and such establishments where waste quantum is high, by enlarging the 
size of the tank, and the stocked fish, more quantity of food waste can be recycled .

aCCEptability and pronEnEss to odor 

The fish species suggested here are acceptable and are moving produces in the 
market. Local species such as manjakoori, kari/ stinging catfish, Anabas,Tilapia etc 
are in very high demand. The family can choose the fish species, based on the type 
of wastes and facilities available. The food waste shall only be provided fresh and not 
allowed to decompose before feeding to avoid any odor. As the fish is stocked at high 
density, fish consume the food instantaneously, there won’t be any waste left out to 
decompose and hence no foul odor..

modEl Units and proJECts

 A model unit of the kind is maintained at Regional Agricultural Research Station, 
Kumarakom,Kottayam, established in 2011, where a small tank (10 m2) is utilized 
for waste utilization by modifying the naduthalam in a natlukettu type building. 
A similar model project was successfully implemented through the Gandhi 
Smaraka Grama Seva Kendram, in 20 households with technical support of the 
investigator and financial support of NABARD. A model project is also operated in 
Thiruvanathapuram Corporation as a consultancy project of the author under Urban 
Agriculture Project covering 20 urban households. The developed system is put to 
operation most successfully in two schools viz., the Government Higher Secondary 
School for Girls, Cherthala and H.S.S. Charamangalam, Alappuzha where food 
wastes in schools are effectively utilized for tank fish farming and the waste waters 
utilized for vegetable production.

The cost of the construction of a tank 10 sq m including the cost on fish seed do 
not exceed Rs. 25000. In addition to fish production 100-150 kg, produced in 8-10 
months utilizing solid kitchen wastes and food wastes of a five member household.
The waste waters are effectively utilized for organic vegetable production . 

The per capita generation of waste is reported to be high in Kerala as compared 
to those in the other states owing to peculiar consumption pattern of the people. 
By and large, the municipal areas generate more waste as compared to the rural 
panchayaths. It is reported that Trivandrum Corporation alone produces garbage to 
the tune of 450 tons per day of which a significant portion is food waste and kitchen 
wastes and restaurants/ hotel wastes The per capita waste generation in Grama 
panchayaths is 200 grams per day, as against 300 grams per day in municipalities 
and 400 grams per day in cities. Rather than disposing of organic wastes generated 
at home as manures, utilization of the same at the place of origin and at the very 
time of origin itself for high value protein food is the novelty of this project. Fish is 
an excellent bioremediator that can be utilized most effectively to recycle organic 
wastes. Fish keeping bring harmony and fortune to homes according to Chinese 
‘Fengshui’ besides being an exciting hobby and can be developed as a passionate 
entertainment project.
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The lake water quality mirrors the geological setting, vegetation and land use and 
modifications thereof by human activities such as agriculture, industrialization and 
urbanization of the hinterland. In addition, lakes vary in respect of physical (intensity 
of light, temperature and water currents), chemical (composition of nutrients, major 
ions and contaminants) and biological (biomass, population numbers and growth) 
attributes. 

Greater Bangalore with its undulating topography and watersheds is home to a large 
number of lakes (4.8% of land area) meeting the domestic and irrigation needs. But 
rapid urbanization the number of lakes has been dwindling sharply from 207 in 1973 
to 93 in 2010. The study addresses the water quality variations of Chinnappanahalli 
(CL), Munnekolala (ML), Kundalahalli (KH) and JP Park/ Mathikere (JML) lakes. 
Variable volumes of sewage enter some of these lakes, viz., Munnekolala. The 
physico-chemical attributes of water samples such as water temperature, pH, EC, 
TDS, DO, turbidity, total alkalinity, Ca and Mg hardness, TH, chloride, nitrate, 
orthophosphate, COD, sodium and potassium of water samples collected from the 
four lakes were analyzed using standard methods (Trivedi and Goel, 1986; APHA, 
1998). In addition, Phytoplankton samples were collected from the surface water 
using plankton net and were counted under microscope. The algal species were 
identified based on morphology using standard keys (Prescott, 1954; Desikachary 
(1959). Principal component analysis (PCA) using PAST3 was performed on the data 
and phytoplankton diversity indices were calculated. 

The results of the study suggest that CL has higher TDS, EC, total alkalinity, chloride, 
total hardness, calcium, ortho-phosphate, nitrate and sodium. KH lake has higher 
BOD, COD magnesium and potassium. ML has higher pH, turbidity, DO and ortho-
phosphate. Photosynthesis by green algae/plants consume carbon dioxide to produce 
sugar and oxygen altering carbonate-bicarbonate equilibrium and thereby a increase 
in pH and alkalinity. The results also revealed that these lakes group under Class E 
(of CPCB, GoI) and are for domestic purposes. The pollution tolerant algae in lakes 
indicate the level of pollutants. Appropriate conservation and restoration measures, 
after Jakkur model of conservation/restoration, are recommended for Implementation, 
as these lakes help recharge of and sustain groundwater aquifers of Bangalore.

Phytoplankton Dynamics in Bengaluru 
Sewage Fed Lakes

asulabha K.s., sincy v. and ramachandra t.v.
Energy & Wetlands Research Group, Centre for Ecological Sciences 
Indian Institute of Science, Bangalore - 560 012, INDIA 
E-mail: asulabha@ces.iisc.ernet.in
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Due to increase in population, rapid westernization in lifestyles, inability of 
infrastructure to cope up with solid wastes, poor level of alternatives, socio-political 
issues, etc. unauthorized dumps have become common around Bengaluru and most 
other Cities in India. This unscientific practice, its cological and environmental 
implcations have been poorly studied, especially with regard to destruction of flora 
and fauna is the focus of this study. This paper deals with the field study conducted 
in municipal waste dumpsites in Bengaluru city to analyse the vegetation pattern in 
order to identify plant communities for possible future phytoremediation. The per 
capita of waste generated is approximately around 350 – 400 grams per day. These 
dumpsites contain mixture of both organic and inorganic waste materials, such as 
food wastes, papers, cardboards, metal tins, glass, battery wastes, textile rags, plastics 
and other miscellaneous wastes such as bricks, ash, rubber and wood wastes. The 
seven waste dumping sites viz. were taken for the present study and they are located 
in the interior of the city. A comparative study of flora was done in undisturbed areas 
considered as control for the vegetation analysis. At each site quadrates of 1m×1m 
were laid to cover the whole area occupied by the plants. Individuals of trees, shrubs, 
herbs, climbers and seedlings were enumerated. The waste profile of selected six 
dumpsites were analysed by visual estimation in alternate days for a period of 1 week 
by the IISc method.

Most of the plant species showed contagious (around 95%) distribution pattern, very 
few species showed regular but there was no random distribution pattern seen in the 
study which may be due to myriad of subtle interactions existing in these habitats. 
Most of the plant species were able to exist in both dumpsite and control site with 
a few plant species restricted only to control sites indicating they are not able to 
tolerate the extreme habitat of dumpsite such as Solanum nigrum, Oxalis, Ageratum 
conyzoides, Bidens and Euphorbia sp. The study might aid in selecting suitable 
plant species for further phytoremediation studies under controlled conditions and 
would aid in understanding the role of soil properties in vegetation reclamation / 
establishment for dumpsites. Vegetation of seven dumpsites and their control 
sites were studied during rainy season. The study showed that Ricinus communis, 
Alternanthera sessilis, Portula olearacea, Solanum lycopersicum, Chrysanthemum 
Sp. and Sida rhombifolia were abundant in dumpsites of Bengaluru.

A Study of Vegetation Pattern and Waste Profile of 
Dumpsites in Bengaluru City, India.

Johny Joseph1, Chandra mohana n.2, Jayarama reddy3 and Chanakya hn4
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Municipal Solid Waste (MSW) is often referred as “Third Pollutant” arises from 
various human activities (Rana.,2007). Rapid rise in human population and change 
of life style in India led to a dramatic increase of MSW – a mix of domestic and 
commercial waste. In developed countries the domestic waste is only a smaller 
portion of the waste stream. Composting, a microbial aerobic process, is now 
considered as an environmentally sound method of reduction and transformation of 
organic waste to organic fertilizer or soil conditioner. Aerobic composting converts 
organic materials into CO2, H2O, minerals and stabilized organic matter by successive 
metabolic activities of mesophilic and thermophilic organisms. 

The objective of the present study is to reconfirm whether or not the MSW derived 
compost is eco-friendly, cheap and usable. The study, under controlled laboratory 
conditions, used a acrylic-cylindrical-reactor or column (Dia. =300.0 mm, Height= 
410.0 mm, Working Volume= 15.88 L) and a feed stock of composting mixture of 
MSW, poultry manure, sawdust and starter compost. Feed stock was placed over a 
stainless steel grid of 8.0 mm square mesh, and 90.0 mm above the base of reactor, 
while aeration was provided by an electric fan (2800 rpm, 230 V and 12”or 30.5 
cm blade diameter). Kitchen waste, paper and reject fabric, yard waste such as dry 
leaves, and grass cuttings collected from 20 residential units were segregated. The 
input consisted of 3.4 kg of segregated biodegradable solid waste, 0.5 kg of saw dust, 
0.5 kg of starter compost and 1.1 kg of poultry manure (on dry weight basis). Prior 
to composting waste is characterized for dry matter, organic matter, total organic 
carbon, chemical oxygen demand (COD), and pH. Ash content was determined by 
heating composite sample at 5550C for 1hr.

The compost mixture appeared to be dark brown in colour and had a soil like texture 
with no odour. pH however did not show much variation between feed stock and 
final product. No great change in pH value was observed from 18th day onwards 
suggesting a steady state rate of decomposition. The successive values of height 
(final values-14.4cm), organic carbon (59.74%), COD (667.255mg/l), and ash content 
(40.26%) indicate that compost had attained the final stable state. 

Aerobic Composting of Municipal Solid Waste  
by In-Vessel-System

s. radha1, dr. K. subramanian2, J. debbie raeshma3

1Post Graduate Student, Environmental Engineering, 2Professor and Head,  
3Assisstant Professor,Coimbatore Department of Civil Engineering Department, 
Coimbatore Institute of Technology.
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The urban water bodies in Greater Bangalore are stressed by anthropogenic actions 
such as encroachment, free inflow of domestic and industrial effluents and dumping 
of solid waste furthering pollution of soil (land), surface and groundwater and 
air at the expense of ecosystem goods and services (Ramachandra, 2010). Land 
use analyses show 1005% growth in built-up area in last four decades, decline in 
vegetation cover by 88% and shrinking of water bodies by 79%, underscoring the 
urgency for restoring and reviving the lakes to act as carbon sinks to mitigate the 
dangerous effects of climate change. The chief objective of the study is to document 
the physico-chemical aspects of four lakes (viz., Chikkabanavara L., Mallathahalli L., 
Dasarahalli L., and Ullal L.) in Greater Bangalore region (741 km2) and analyze the 
role of pollution on zooplankton population. 

The water quality parameters, viz., temperature, pH, EC, TDS, and DO, were measured 
at site. Others such as total alkalinity, calcium and magnesium hardness, TH, 
chlorides, nitrate, orthophosphate, COD, Na and K were analyzed in the laboratory 
following the standard protocols (Trivedi and Goel, 1986 and APHA, 1998). The 
water quality data sets were analyzed using multivariate techniques, viz., PCA. With 
a Plankton net, zooplankton samples were collected from the surface water of four 
lakes and preserved in 4 % formalin followed by identification and counting using a 
microscope and standard keys (Prescott, 1954; APHA, 1998). And the results of the 
study led to the following inferences. 

Mallathhalli L. is the most polluted lake as untreated wastewater directly enters the 
lake from all the inlets. Mallathhalli L., has the highest levels of TDS, EC, COD, 
total alkalinity, chloride, total hardness, calcium, ortho-phosphate, sodium and 
potassium. Dasarahalli L., has the highest nitrate levels originating from untreated 
sewage flowing in large quantities. Mallathahalli L., has the least DO level because of 
higher rate of organic decomposition. High BOD and COD values in Ulsoor L., water 
have decreased the dissolved oxygen level. Dasarahalli and Ullal lakes had very high 
DO because of increased photosynthesis and algal diversity. The high nutrient level in 
Devarabeesanahalli L., supports algal growth that in turn influences photosynthesis 
and oxygen levels in the lake. Moreover, Mallathahalli, Chikkabanavara, Dasarahalli 
and Ullal lakes fall under Class E of CPCB’s Classification of Inland Surface Water.

Bio-monitoring of Lentic Ecosystems through 
Zooplanktons
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land- a FinitE rEsoUrCE

The basic needs of man such as food, water, fuel, clothing and shelter must be met 
from the land, which is a finite resource while the natural resources it supports 
can vary over time and according to management conditions and uses. In addition 
terrestrial land is the habitat of diverse flora and fauna. India has 2.4% of world land 
area and 7-8% of all recorded species (India’s 5th National report to Convention on 
Biological Diversity, 2014). India’s population is equivalent to 17.5% of the global 
total with a growth rate of 1.2% which is creating pressure on limited land resources. 

Agenda 21, of the UN Conference for Environment and Development in Rio de Janeiro 
1992 have called for a more integrated approach to planning and management of land 
resources. At the United Nations Sustainable Development Summit on 25 September 
2015, more than 150 world leaders adopted the new Sustainable Development 
Goals consisting of 17 SDGs and 169 targets covering emerging issues post 2015. 
Sustainable Development Goal 15 aims to “Protect, restore and promote sustainable 
use of terrestrial ecosystems, sustainably manage forests, combat desertification, and 
halt and reverse land degradation and halt biodiversity loss ”. Resource efficiency 
especially of urban areas is a key driver to promote Sustainable Consumption and 
Production (SCP), and to facilitate a transition to a Green Economy, contributing to 
global sustainable development. 

UrbaniZation a KEy drivEr oF biodivErsity loss

Land use change a key driver of biodiversity loss includes changes due to urbanization, 
cropping pattern, conversion of paddy lands/wetlands, changes in landscape due 
to quarrying and mining etc. Urbanization has major impacts through, changing 
lifestyles, livelihoods, and patterns of consumption and waste generation leading 
to pollution within and outside cities. Unsustainable urban lifestyles, which tend to 
be consumptive, utilize natural resources and generate increasing amounts of waste 
leading to increased levels of air, water and soil pollution.

Urbanization and Biodiversity Conservation-  
Issues, Challenges and Potential

preetha n. and oommen v. oommen*
*Chairman, Kerala State Biodiversity Board 
L-14 Jai Nagar, Medical College PO, Thiruvananthapuram-695011
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Urbanization is associated with increasing pollution of water and air which further 
degrades ecosystems. Encroachment and transformation of forests, grass lands, coastal 
areas, wetlands and water bodies into urban areas are key drivers of biodiversity loss. 
The continued outward growth of cities leads to conversion of agricultural land, 
with negative impacts on food security. Urban ecosystem is vulnerable to invasive 
species, such as the water hyacinth leading to eutrophication of urban water bodies. 
Cities are the focal point for the spread of invasive exotic species into surrounding 
non-urban habitats, such as the exotic Lantana camara , which was introduced to 
India as an ornamental garden plant, but now chokes forest understoreys throughout 
the country. Native bird species diversity has declined with an increase in exotic 
plant species.

According to the Millennium Ecosystem Assessment reports, climate change is likely 
to become the dominant direct driver of biodiversity loss by the end of the century. 
Climate change is already forcing flora and fauna to adapt either through shifting 
habitat, changing life cycles, or the development of new physical traits. Urban areas 
modify their local and regional climate through the urban heat island effect and by 
altering precipitation patterns, which has a major role in ecosystems and biodiversity. 
Expansion of built-up areas leads to excessive utilization of natural resources, in 
particular water, timber, and energy. The conversion of vegetated surfaces to artificial 
manmade structures modifies the exchange of heat, water, trace gases, and aerosols 
between the land surface and overlying atmosphere leading to the “urban heat island 
effect,” Aerosols affect regional climate by scattering, reflecting, or absorbing solar 
radiation leading to elevated daytime and night time temperatures. 

Urbanization exerts significant influence on the structure and function of wetlands, 
mainly through modifying the hydrology and sedimentation through reclamation 
of wetlands. The possible threats that have been faced by the wetlands of the 
globe have been listed by Wetlands International as partial reclamation, complete 
reclamation, dam/barrage construction, tourism /recreation, residential/ commercial 
constructions, pollution either by domestic sewage or through solid waste such 
as industrial waste, oil, pesticides, fertilizers, mining in and near urban areas, 
sedimentation, excessive overgrowth of vegetation, cutting/clearance of vegetation, 
eutrophication, agriculture, excessive cattle grazing, hunting/trapping/poaching of 
birds, small scale fishing, large scale fishing. Wetlands directly and indirectly support 
millions of people by providing ecosystem services such as storm and flood control, 
ground water recharge and discharge, food, fibre and raw materials in addition to 
educational and recreational benefits. Wetlands are natural filters, helping to purify 
water by trapping pollutants and filtering pollutants such as sewage, fertilizer run 
off etc. Wetlands provide a temporary or permanent habitat to a variety of plants, fish 
and wildlife as mammals, amphibian’s reptiles and birds by providing food, habitat, 
breeding grounds and shelter. Annual monitory values of the services offered by the 
Inland Wetlands are estimated as Rs. 22,24,350/ha; and by the coastal wetlands Rs. 
1,07,67,450/ha (TEEB, The Economics of Ecosystems and Biodiversity). These “free” 
services are often taken for granted, but they can easily be lost as wetlands are altered 
or degraded due to urbanization.
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A major element of India’s projected urbanization will take place along the 
coastlines through the growth of existing coastal cities and proposed and ongoing 
development of major new ports. This threatens important coastal regions through 
destruction of sensitive habitats such as mangroves and sea turtle nesting beaches, 
and unsustainable utilization of fish, and other seafood. Construction activities for 
tourism, ports, fishing harbours etc have led to mangrove destruction, leaving cities 
more vulnerable to flooding and natural disasters like cyclones and tsunamis, and 
projected sea level rise from global climate change. 

grEEn growth and rEsoUrCE EFFiCiEnCy in CitiEs

Cities consume 75 percent of the world’s energy and are responsible for 80 percent of 
greenhouse gas emissions. India has pledged to reduce its GDP emissions intensity 
by 20–25% by 2020 compared to 2005 levels. This can be achieved only by adopting 
environmental policies that can foster green economic growth. Cities produce 
80% of global GDP. Green growth is defined as fostering economic growth and 
development while ensuring that natural assets continue to provide the resources 
and environmental services on which our well being relies. Urban policy makers can 
reduce the impact on natural resources through interventions in six urban sectors 
mainly land use planning, transport, building, energy, waste and water . Urban 
planning should involve an integrated water resources management plan, wastewater 
management and waste segregation at source. One such instance at the national level 
is following promotion of the transition from fuelwood to liquefied petroleum gas 
for household energy use in cooking, the urban fuelwood demand declined from 30 
% of households in 1993, to just 22 % of households in 2005. This has reduced the 
pressure on forest habitats near urban areas. 

Maintaining functioning urban ecosystems can significantly enhance human health 
and well-being. Cities in many cases harbour great biodiversity, managed and 
maintained by citizens. Green spaces in or near cities deliver services such as air 
purification, temperature regulation, groundwater recharge, and cultural services 
including aesthetics and recreation, all leading to healthier lifestyles. They also hold 
the key to changing production and resource use – by decreasing waste production, 
increasing recycling, and moving citizens to a more sustainable lifestyle. Resource 
efficient cities combine greater productivity and innovation with lower costs and 
reduced environmental impacts, while providing increased livelihood opportunities.

 In Kerala many areas are conserved in rural and urban areas as Sacred groves. The 
age old system of every village having a temple, a tank and associated sacred grove 
explains the ancient method of water harvesting and sharing and may be considered 
as the backbone of village economy. People were prohibited from felling trees and 
even removing a twig was considered as taboo. Some of the trees such as Alstonia 
scholaris, Antiaris toxicaria, Hopea parviflora, Strychnos nux-vomica, Ficus religiosa 
etc are being worshipped in many sacred groves. These areas protected by cultural 
protocols provided important support for flora and fauna. In Trivandrum district 
alone 45.6 ha of sacred groves exist. Mangalavanam Bird Sanctuary, an ecologically 
sensitive area situated at the centre of Kochi behind the Kerala High Court building 
is rightly called as the ‘green lung of Kochi’. The mangroves and their associated 
species found here include Avicennia officinalis, Rhizophora mucronata, Acanthus 
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ilicifolius and Acrostichum aureum. About 2.74 ha area is occupied by mangrove 
flora with good height, but the patches are sparsely dense. The area happens to be a 
roosting place for exotic varieties of resident and migratory birds. Forty-two species 
of birds representing 12 Orders and 24 Families were recorded from Mangalavanam 
sanctuary which includes mostly resident birds. The most common bird species 
found are little cormorant (Phalacrocorax niger) and night heron (Nycticorax 
nycticorax). Mangalavanam reportedly supports 30 species of butterflies, four species 
of dragonflies, two species of damselflies, two species of amphibians, six species of 
mammals and four species of reptiles.

Urban ECorEstoration- Ksbb initiativEs

Ecorestoration of urban ponds 

Kerala State Biodiversity Board had implemented several innovative programmes for 
urban biodiversity enhancement. One of the major activities of the Board is Urban 
Biodiversity Conservation Programme targeted at promoting the conservation of 
urban/rural natural ecosystem, ponds and other water bodies, and bringing eco 
friendly approaches for planned green development in urban and rural areas through 
BMCs of Corporation/Municipalities/Panchayat and Resident’s Associations. The 
water bodies function as spaces for development of open space greenery which 
provide for a range of micro natural habitats for flora and fauna. All the ponds 
adopted for the project were in bad condition, dumped with waste filled plastic 
bags. Silt filled the ponds. High weed growth was seen and water level was low. 
The board has given emphasis to preserve the existing biodiversity of these ponds 
as such, removing dirt and debris and further providing protection from dumping 
of waste. The maintenance and periodical cleaning of the pond were entrusted to 
the Residents Association/ Biodiversity Club/ Eco club/ National Green Corps of 
the nearby College/Schools. Under this programme 14 ponds were renovated in 
Thiruvanathapuram. The renovation work involved cleaning of the pond, solid 
waste management, landscaping, planting medicinal plants, biofencing by vetiver, 
release of fingerlings of native fishes etc. Overall the renovation of the pond was done 
successfully and all the residence associations have assured that they will maintain 
the ponds in good condition in technical collaboration with Biodiversity Clubs. As 
part of the program awareness campaigns were conducted and display boards on 
the ecological importance of ponds were exhibited at the premises. This has helped 
the local residents to conceive the ecological importance, water storage capability 
and biodiversity of the ponds. An amount of only Rs. 19.75 lakhs was spent for 
renovating 14 ponds. The renovated ponds were assessed after two years on the 
basis of the following criteria Cleanliness of the surrounding area, Purity and quality 
of water, Plant biodiversity enhancement in the surrounding area, Enhancement of 
fish diversity, Control of weeds, Continuous management of ponds by the Residence 
association and Recreational capability of the ecosystem

Ecorestoration of abandoned quarries

At present nearly 10,000 quarries are there in the State of Kerala, primarily used for 
the extraction of rubble and its value added products or brick and tile clays. The 
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demand of natural resources like hard rock, laterite, sand and soil in the past 4-5 
decades due to urbanization has resulted in increased mining/ quarrying activities in 
the State. Thiruvananthapuram district itself has many quarries including granite, 
brick/tile clay, laterite, sand and ordinary clay in four taluks viz. Chirayinkeezhu, 
Nedumangad, Neyyattinkara and Thiruvananthapuram. Most of these quarries after 
the extraction of resources are left abandoned which remains flooded for most part of 
the year. KSBB had implemented a project for ecorestoration of abandoned quarries 
with community participation. The abandoned quarry at Ambalapara, Thrikkakkra 
municipality, Ernakulam district was an accident prone area and also posed health 
hazard due to stagnant water. The discarded quarry serves as a natural source of 
water but the area was highly degraded and water polluted. The revitalization of 
the degraded area included sustainable and eco friendly developmental activities 
such as planting vetiver along the quarry periphery, mangrove along the Edapally 
canal, avenue trees in the open spaces, medicinal plants in the herbal garden, birth 
star plants in the star garden, coconut trees along the road side and plants suitable 
for butterfly in butterfly garden. Ecorestoration of degraded ecosystems in urban 
areas will help in recharging the underlying aquifer, raising the water table which will 
increase the vegetation in the surrounding area.

ConClUsions

Land-use planning in the present scenario must be such that priorities are drawn 
up by the local people. It should identify and resolve conflicts between competing 
uses, between the needs of individuals and those of the community, and between 
the needs of the present generation and those of future generations and ensure 
sustainable development. Balancing the competing demands for the land for food 
security, tourism, wildlife conservation, and developmental activities is the greatest 
challenges before land use planners. Urbanization therefore presents challenges and 
opportunities to enhance the resilience and ecological functioning of urban areas. 
Investing in restoring, protecting, and enhancing green infrastructure and ecosystem 
services in cities is thus of great importance for a green and sustainable growth.
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introdUCtion

By the year 2050, nearly 80% of the earth’s population will reside in urban centres 
and our growing global population will require an estimated 100% more food than 
we produce today. Applying the most conservative estimates to current demographic 
trends, the human population will increase by about 3 billion people during the 
interim. An estimated 109 hectares of new land will be needed to grow enough food 
to feed them. At present, throughout the world, over 80% of the land that is suitable 
for raising crops is in use. Few of us might be aware that 2008 was the first year 
in history, when the world’s urban population (more than three billion), exceeded 
the number of those living in rural areas. According to the Food and Agriculture 
Organisation (FAO), by 2020, the developing countries of Africa, Asia, and Latin 
America will be home to some 75 per cent of all urban dwellers.

The situation in India is no different. Population residing in urban areas in India, 
according to 1901 census, was 11.4%. This count increased to 28.53% according to 
2001 census, and crossing 30% as per 2011 census, standing at 31.16%. According 
to a survey by UN State of the World Population report in 2007, by 2030, 40.76% 
of country’s population is expected to reside in urban areas. Indian cities are home 
to an estimated 340 million people, almost equivalent to 30 per cent of the total 
population. 

Food and nUtrition sECUrity 

As evident in majority of the industrialised countries, India is experiencing a shift 
over time from a largely rural and agrarian population residing in villages to urban, 
non-agriculture centres. Rapid urbanisation in developing nations is accompanied 
by a rapid increase in urban poverty and urban food insecurity. According to an 
article by World Bank Group, “…more than half of all children under the age of 
four are malnourished, 30 percent of newborns are significantly underweight, and 
60 percent of women are anemic.” Resources are limited everywhere. Thus, unless 
we can develop a technology that would enable us to live on just one grain of 
wheat, the population increase remains a serious problem in India. India spends 
approximately $10 billion each year on malnutrition (World Bank Group), and even 
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then the government of India cannot provide the everyday nutritional requirements 
to everybody in India. 

The recent world food price crisis has rendered the importance of understanding and 
confronting the causes of food insecurity of the urban poor even more apparent. Poor 
urban dwellers, being largely net food buyers and depending mostly on markets for 
their food supplies, are particularly vulnerable to adverse food price shocks, and are 
consistently the group in society that suffers most from higher food prices. Urban 
Agriculture is one of the solutions that are perceived globally to meet the demand 
of food of urban population. There are a number of ways through which urban 
agriculture can, in principle, have an impact on urban food and nutrition security. At 
the household level, urban agriculture can be a source of income, can provide direct 
access to a larger number of nutritionally rich foods (vegetables, fruit, meat) and a 
more varied diet, can increase the stability of household food consumption against 
seasonality or other temporary shortages, and can increase the time mothers spend 
caring for their children, as opposed to non-agricultural activities that are more likely 
to be located further away from home.

what is Urban agriCUltUrE?

According to FAO urban agriculture can be defined as: “An industry that produces, 
processes and markets food and fuel, largely in response to the daily demand 
of consumers within a town, city, or metropolis, on land and water dispersed 
throughout the urban and peri-urban area, applying intensive production methods, 
using and reusing natural resources and urban wastes to yield a diversity of crops 
and livestock.”

Along with the urbanisation process, particularly in developed nations, urban 
agriculture has evolved from a simple, traditional and informal activity into a 
commercial and professional initiative and a key element in food security strategies. 
Urban agriculture was officially recognised by the 15th FAO-COAG (Council of 
Australian Governments) session in Rome during January 1999 and subsequently at 
the World Food Summit in 2002.

advantagEs oF Urban agriCUltUrE

Easy access to fresh, nutritious food for lower income consumers, and income 
generation potential. Supply to urban food markets, street food and food processing, 
providing additional employment and income. Water harvesting, water re-use 
and urban wastes re-cycling to provide water, animal feed and fertilisers for the 
requirements of urban agriculture. Integration of urban agriculture with urban 
greening programmes which can provide fuel wood for urban residents, reduce urban 
pollution and temperatures, as well as offer recreation opportunities to improve 
quality of life for all urban residents

Urban agriCUltUrE – thE indian ContEXt

Urban agriculture in India is just witnessing the beginning with few initiatives in 
some of the cities, such as:

- Composting and vermiculture (prominent in cities such as Kolkata and Chennai)

- Advances in dairying/animal husbandry in urban and peri-urban areas (Bangalore)
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- Urban Agro-forestry (Hyderabad)

- Horticulture production activities in cities (Delhi) 

- Terrace farming in Mumbai

Urban agriCUltUral dEvElopmEnts in KErala throUgh good 
agriCUltUral praCtiCEs (gap)

In Kerala, high population growth and declining land availability are the two 
major constraints in the development of urban agriculture. Furthermore, improved 
economic conditions and growing concern on health and nutrition are increasing the 
demand for safe to eat high quality food products. Modernizing agriculture through 
Good Agricultural Practices (GAP) will hold the promise of addressing these issues 
by enabling more food to be produced with less resource use. Urban Agriculture in 
Kerala has developed in the form of 

1. Roof vegetable gardens

2. Protected Cultivation through Polyhouses

3. Hydroponics-the soil less magic of crop production

4. Vertical Farming 

5. High tech Integrated Farming Systems 

roof vegetable gardens

An urban homestead farming venture aims at promoting safe to eat vegetable 
cultivation so as to produce farm fresh vegetables in terraces to make each household 
self-sufficient in vegetable production. This also helps to utilize the recycled 
household waste efficiently for cultivation of crop through vermi- composting.

protected Cultivation through polyhouses

After the advent of green revolution, more emphasis is laid on the quality of the 
agricultural produce along with the quantity of production to meet the ever-
growing food and nutritional requirements. Both these demands can be met when 
the environment for the plant growth is suitably controlled. The need to protect 
the crops against unfavorable environmental conditions led to the development of 
protected agriculture. Protected cultivation refers to the cultivation of crops in a 
structure, which is climatologically isolated from the surroundings. The advantage 
of protected cultivation is that any crops can be grown at any time and any place 
as the micro climate required for any particular crop can be artificially maintained 
and controlled with a protected structure. Greenhouse is the most practical method 
of achieving the objectives of protected agriculture, where natural environment is 
modified by using sound engineering principles to achieve optimum plant growth 
and yield. The increasing demand of horticultural produce cannot be filled by the 
traditional horticulture which requires large area to meet the production for the 
ever growing population. Green house technology has potential to produce more 
produce per unit area with increased input use efficiency. Therefore, this problem 
can be coped up by adopting greenhouse /poly house technology for the horticultural 
production. For example if one lakh hectare area under vegetable is brought out 
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under poly house cultivation the annual availability of vegetable will be increased by 
at least 100 lakhs tons. Besides this it will also increase significant job opportunity 
for the urban population.

hydroponics-the soil less magic of crop production

Hydroponics is the technique of growing crops in soil-less media using nutrient 
solutions. Utilizing this technology, the roots absorb a balanced nutrient solution 
dissolved in water that meets all the plants developmental requirements. This 
method encourages growing plant in areas where soil is lacking or soil is present but 
contaminated with disease causing organisms or toxic substances. Within a green- 
house structure you can control the ambient temperature, humidity and light levels 
allowing you to grow on a year- round basis. It was Dr. W. F Gericke in 1936 of the 
University of California who came up with the term hydroponics from the Greek 
hydro (water) and ponos (work), meaning working with water. 

Hydroponics is suited for growing high value vegetables like lettuce, spinach, tomato, 
cucumber, potato, spring onion, sweet pepper etc. Most commercial hydroponic 
growers combine hydroponic technology with a controlled environment to achieve 
the highest quality produce. 

vertical Farming 

 Vertical farming can be defined generically as a system of commercial farming 
through which plants, animals, fungi and other life forms are cultivated for food, 
fuel, fibre or other products or services by artificially stacking them vertically above 
each other Or a technique of cultivating plants on vertically inclined surfaces. 
The modern idea of vertical farming uses techniques where natural sunlight may 
be augmented with artificial structure. The idea of vertical farming has existed at 
least since the ‘Hanging Garden of Babylon’. The concept of a Vertical Farm (VF) has 
existed theoretically since the early 1950s. There are basically three classifications 
debated by contemporary scholars.

1. The phrase ‘vertical farming’ was coined by Gilbert Ellis Bailey in his book 
‘Vertical Farming’ in 1915. Bailey basically discussed an utopian concept of 
using explosives and other destructive technologies for the constructive purpose 
of agriculture and food production. He introduces the concept of underground 
vertical farming, something that is being put to practice presently in the 
Netherlands. 

2. The second category of vertical farming falls under the concept of plant life 
being cultivated in open air or in mixed use skyscrapers for climate control 
and consumption. This version of vertical farming is based upon personal or 
community use rather than the wholesale production and distribution of plant 
and animal in large scale. It thus, requires less of an initial investment than a 
closed unit. 

3. The third category of vertical farming conceptualised cultivation of plant and 
animal life within skyscrapers or closed systems for the purpose of large scale 
production.



ThiruvananthapuramKerala Environment Congress 2016

62 CED & EMC

high-tech intensive integrated live stock farming with vertical space usage

It is the integration of various farming systems like livestock, poultry, Rabbit 
Rearing, Pig Rearing, Goat Rearing and fodder production technologies which are 
individually proven otherwise. The idea of integration in this system is to rear Goat, 
Layer Hen, Pig, and Rabbit in the space provided and an additional structure and 
roof space can be used to cultivate fast growing short crop fodder grass. Tree fodder 
can be cultivated in the boundary of land for long term usage which will serve an 
added source of green tree fodder. Open space can be used as paddock space for goat 
and also space for other breeds like duck, turkey or backyard layer poultry. These 
species can be partly fed with the food waste and balance food from goats and hence 
utilization of waste in a proper manner can be obtained.

way Forward

As Kerala progresses towards a rapid phase of urbanization and as the concept of 
sustainable cities becomes increasingly acceptable, there are opportunities to build 
environmentally and economically sound urban agriculture systems, involving 
waste and water management that can be incorporated from the beginning itself and 
make it an integral part of urban planning. Urban agriculture is probably the most 
efficient tool available which can help manage city’s waste by utilizing it for food 
cultivation and creating jobs. It creates a diverse ecology where fruit trees, vegetables, 
plantation, livestock, poultry and even fishing, etc. could coexist and build a wholly 
ecologically sustainable scenario. Socially-oriented enterprises can play a significant 
role to diffuse knowledge-intensive techniques in this area. Land policies in and 
around cities need to be designed in such a way that it accepts agriculture as a 
legitimate usage of land. Urban agriculture has to be integrated in the agriculture 
policies and urban planning; and should, therefore, be brought under the purview 
of regulatory framework. Similar to the different countries such as China, Australia, 
the US, South America, Europ, etc. where targets have been set to make cities greener 
and sustainable, India should also promote urban agriculture which is necessary for 
the sustainability of its bursting cities and people.
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India is one of the large agricultural countries in terms of global farm produce 
output. To meet the export commitments and internal consumption ~500 million 
tons of vegetables need to be produced by 2050 (GoI, 2001).. In India, while irrigation 
resources are limited, our water-use-efficiency is also very low. Hence there is 
great emphasis bestowed by the GoI for implementation of drip irrigation system 
wherever possible. One of the consequences of continuing urbanisation is shrinkage 
of land parcels owned by urban home owners, and consequent loss of space for 
creating a conventional backyard vegetable garden. Further, the higher ruling price 
of vegetables in the market and preference for organic produce created a new class 
of urban farmers who started roof top cultivation (RTC) of vegetables in grow bags 
(GB). However, the shrinking leisure time and tedium in climbing up the roof top to 
tend the plants (including watering) in the longer run are deterrents to many. Current 
practice of irrigating the plants in RTC, is either by a water hose or water buckets 
and both tend to over irrigate leading to water wastage. To make efficient water use 
in RTC, a ‘modified’ drip irrigation system (DIS) was devised and experimented with 
success. Experiments were conducted to study the crop response and growth of 
vegetables under automated drip irrigation for 5 plots in Thiruvananthapuram City 
and were replicated thrice

The study revealed that the maximum water use efficiency increased three times 
compared to conventional hose irrigation. The observed irrigation efficiency of the 
plots was only 50%. In timer based automation the result revealed that the quantum 
of water saved by the drip method was as high as 95%. The quantity of water used 
for 4 drip irrigations was 1-2 litres/plant against 5 - 10 litres in the conventional 
method. The crop yield also increases substantially. The yield of okra under drip 
irrigation gave 30 -98% more yield compared to conventional method of irrigation by 
overcoming severe moisture stress. It was observed that there was substantial water 
saving ranging from 70 to 90 per cent compared to conventional hose irrigation. 
Based on different B:C ratiothe net return varied from Rs. 1845 to 3425/60 grow bags. 
For conventional irrigation net income varies from Rs. 250 – 575/60 grow bags in this 
B:C ratio. Thus the time based Automatic Family Drip System (FDS) is observed to 
be user –friendly, economical and cost effective as compared with conventional hose 
irrigation for city farming. 

Timer based Automatic Family Drip system(FDS)- 
A Sustainable Technology for increased vegetable 
production in Urban sector
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By 2050, more than two third of global population will be living in cities, where the 
natural ecosystem has drastically shrunk, and efforts are in place to restore remnants 
of the natural diversity in and around the urban area. Geist and Galatowitsch (1999) 
proposed urban ecological restoration as a way forward, but needs developing of 
ideas, models, and guidelines mutually beneficial to human and human-environment 
interactions. Parks, open spaces, arboreta and botanic gardens of urban areas are true 
reflections of policies on conservation or preservation of biodiversity. To this list 
one may add sacred groves (SG) as they play an intrinsic role in the conservation 
of biodiversity in urban areas, as these are centres of biodiversity conservation with 
several threatened floral and faunal species and play a passive role in the worship of 
nature and nature conservation. 

Five SGs of Thiruvananthapram district with rural, semi urban and urban setting) 
viz., i) Kavil Shree Maheswarashramam (Vettinad, Nedumangad Taluk, 7 acres), 
ii) Indiliyappan kavu (Vattappara, Nedumangad Taluk, 2 acres), iii) Erumakkavu 
(Chirayinkeezhu Taluk, 0.68 acre), iv) Pulikottukonam Nagarkavu (Chattanpara, 
Attingal, Chirayinkeezhu Taluk, 0.50 acre) and v) Pachalloor Sree Bhadrakali 
Devi Temple (Thiruvananthapuram taluk, 0.80 acres) are the focus of the study. 
The different tree species were identified and the biomass and carbon dioxide 
sequestration was also analysed. The conservation status of all trees was done based 
on IUCN classifications.

In the Kavil Shree Maheswarashramam kavu 47 tree species were noticed of which 
6 are are in the enadangered list and two are vulnerable. Out of the 30 tree species 
observed in Indiliyappan kavu two are endangered and 4 vulnerable. Out of the16 
species of trees present in Pulikottukonam Nagarkavu one is Critically endangered. 
In the Pachalloor SG 13 tree species were seen of which one is Endangered species 
and 2 are Vulnerable. Two tree species present in Erumakkavu are endangered. 
Analysis of the above ground biomass and carbon sequestered shows that as the 
diameter and height of the trees increased the amount of biomass accumulated 
and the carbon sequestered also increased. The comparative analysis of the sacred 
groves shows that the sacred grove in the rural areas are less disturbed and had high 
biomass accumulation and carbon sequestration. The study recommends that the 
urban eco-restoration projects should consider these small ecosystems which help 
in contributing to biodiversity conservation.

Sacred Groves: Importance in Urban  
Eco-restoration and Biodiversity Conservation

nisha s.a., Jaishanker r, sooraj.n.p and saroj Kumar v.
Dept. of Ecological Informatics, Indian Institute of Information Technology and Management 
Kerala, Thiruvananthapuram
nishasa2014@gmail.com
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Kerala, needing 3.0 million tons of vegetables annually, faces two serious issues (a), 
low level of local production i.e., only 30-40% of the need and (b), profligate chemical 
contamination of imported vegetables from the neighbouring states. In recent years 
there is a growing interest to scale up food and vegetables is production locally in 
state. Consequently, urban home gardens and roof top gardens have come into vogue. 
Amaranthus, valued as one of the most nutritious leafy vegetable, comparatively 
free from pests and diseases. However amaranth cultivation in monsoon season is 
devastated by leaf blight, caused by Rhizoctonia solani, hence forcing farmers to 
refrain from. This pathogen infecting > 90% of plants in the field, causes economic 
loss due to reduced marketability. Even though chemical control with mancozeb, 
a fungicide, is promising management process, the fungicide residue poses certain 
problems. 

This study is an effort to develop alternatives to chemicals, i.e., an effective 
biological control for leaf blight in Amaranthus. Eleven treatments were tested in 
Randomised Block design with three replications. The crop was maintained as per 
POP of KAU 2011. Ten plants, randomly selected from each net plot and tagged, 
were observed for percentage disease incidence and recording biometric characters. 
The biocontrol agents, viz., Trichoderma sp., Pseudomonas fluorescens and PGPR 
Mix II were procured in Department of Microbiology, CoA, Vellayani. First treatment 
or application started 20 days after transplanting (DAT), i. e., immediately after the 
uniform disease incidence, followed by another two sprays at 15 days interval. The 
observation on percent disease incidence was visually assessed on 30th DAT and 
60th DAT. Disease incidence was determined using the rating scale. Percent Disease 
Incidence (PDI) was calculated (Wheeler, 1969).

The study revealed that Pseudomonas and PGPR MixII can be effectively utilized 
for managing the disease. Prophylatic spray can delay the disease incidence as well 
reduce the severity of disease. Along with disease suppression, the plant biomass 
has also increased due to the growth promoting effect. Eventhough Trichoderma has 
been reported as a good biocontrol agent the disease suppression was low compared 
to PGPR and Pseudomonas fluorescens. Cowdung supernatant also gave encouraging 
results. Flood irrigation in the field also provide reduced disease incidence in early 
stages, but on later stages in peak monsoon with high disease pressure the disease 
spread was greater.

Ecofriendly Management of Amaranthus Leaf  
blight in Rooftop Gardens of Urban area

dr. susha s. thara*, dr. deepa rani C.v., dr. regeena s.
*Asst.	Professor	(Plant	Pathology),	College	of	Agriculture,	Vellayani
Kerala Agricultural University
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The transformation of man from a nomadic culture to a sophisticated being has 
brought him detached from his so called ‘NATURE’ to ‘CUBICLE’ environment. 
This withdrawal from nature and natural environment to artificial environment 
(prolonged use of urban built environment) has caused not only external changes 
to his environment, but also health challenges (Life style diseases affecting both 
physically and psychologically). Several researches have been conducted and 
published linking built environments with associated health outcomes both physical 
and mental (Lawrence Frank, 2012). Urbanisation is a global menace and India is 
not an exception. According Kerala state urbanisation report published in 2011 by 
GoK, Kerala too has undergone massive urbanisation that has resulted in negation of 
our traditional open spaces and water bodies. The need for an open space policy is 
becoming more and more important in the present context. It will be interesting to 
see the link between disease burdens of the state and its causing factors, in an urban 
designer’s perspective and to think about the possible solutions both in terms of 
policy and design strategies. 

Urbanization is one of the leading factors of the present-day that has significant 
impact on health. As per Census 2001, 28.6 crore people live in urban areas. The 
urban population has increased to 37.7 crore in 2011 (GOI, 2013).The factors 
influencing urban health include urban governance, population characteristics; the 
natural and built environment, social and economic development, services and health 
emergency management, and food security. While cities can bring opportunities, 
they can also bring challenges for better health. According to UN’s prognosis, India 
will be doubling its urban population from 367 million in 2010 to 915 million in 
2050. Many of the Indians will live in megacities and India will have 7 out of 49 
megacities worldwide.

If we examine thoroughly the state’s urban population, we are facing a rapid fall 
in health determinants – deteriorating environmental conditions, continuing 
social fragmentation, and overburdened urban infrastructure – to name just a few 
(Saravanan, 2012) .Indian cities also face serious challenges of Non-Communicable 
Diseases (NCD), mental health and injuries (Road traffic injuries) which altogether 
be named as; life style diseases. This paper is intended to introduce a theoretical 

Emphasising the need for Public Open Space  
in Kerala in an Urban Design Perspective
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framework and its application in vibrant urban space of Kerala context, with Kochi 
city as its focus (since most affected urban area in Kerala) for the improvement of 
urban health through urban design intervention. If we examine the 12th five year 
plan, the disease control measures are predominantly on medical curative approach. 
But life style diseases like NCDS, mental health, and injuries are all having a direct 
influence on activity and therefore increasing physical activity, adopting healthy life 
style, healthier environment , improving the built environment, adding stability to 
the family environment, effective transportation planning, Green spaces and parks 
etc can bring an effective change in the society.

The research focuses on identifying the relation between open space, and human 
functions and activities and aims at formulating urban design guidelines for Urban 
Health &Wellness in Kerala context and to apply these urban design guidelines to 
improve urban health &wellness of vibrant urban space of Kochi through design 
intervention as an example. Initial study was focused on the situation of Indian 
disease burden, and to figure out the disease control measures through secondary 
source of literature review. By the application of preventive measures based on 
urban design and doctor’s recommendations, I elected the parameters corresponding 
to the urban design interventions. Then conducted a qualitative questioner survey 
with sample size of 20 households (out of 100 populations) on how people will 
respond towards the health parameters. The theoretical framework was formulated 
by integrating literature study and the results of questionnaire survey. Urban Design 
intervention with the application of theoretical framework is given below figure-1.

Source: - Author generated.

Figure-1  
research framework
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The major objectives of the research are 

i. To understand urbanization and its effect on urban population in relation to 
the urban open spaces

ii. To understand human health hazards and mitigation measures for the issues 
caused by prolonged use of urban built environment and the lack of urban 
open spaces. 

iii. To suggest effective urban design guidelines for the improvement of urban 
health 

iv. To apply urban design guidelines to improve urban health &wellness of 
vibrant space of Kochi city through design strategies

Disease spectrum and causing factors

Chronic non-communicable diseases are a major contributor to the burden of disease 
in developed countries, and are increasing rapidly in developing countries. This 
is mainly due to demographic transitions and changing lifestyles of populations 
associated with urbanization. Chronic non-communicable diseases are largely due 
to preventable and modifiable risk factors such as, high blood cholesterol, high blood 
pressure, obesity, physical inactivity, unhealthy diet, tobacco use and excessive use 
of alcohol (Thandi Puoane, n.d.)..

Following Design criteria’s and corresponding strategies are inferred from studies 
which are to be implemented.

i. Built-open:-Built-open inter relation to promote physical activity in built 
environment. Children’s and elder’s physical activity area (includes indoor or 
outdoor) of 25 to 50 square meter courtyard/ balcony/ terrace area required for 
an individual household. Built open inter relation to promote physical activity 
in house type and typology. Promote natural ventilation in all built up structures 
by improving indoor air quality through ventilation by increasing the no of doors 
and windows. Strict regulations in construction activities to discourage mass 
and dense construction. Promote use of natural built materials and reduce use of 
plastic and other highly processed industrial materials in construction industry. 
Adequate built open inter relation to promote workplace support with natural 
ventilation. Proper built-open relation to which support smooth traffic flow. 
Promote natural built material, Lifecycle assessment for building materials and 
promote sustainable building typologies.

ii. Quality open space:- Children’s physical activity area (includes indoor play, 
outdoor play, games, cycling, swimming and sports activities) of 2500 to 3000 
square meters expecting 50 to 100 children required within 100 to 150m from home. 
Elder’s Physical Activity Area (includes walking, Outdoor play, games ,cycling, 
swimming and sports activities) of 25,000to 50,000 square meters area expecting 
1000 to 1500 people required within 500 to 600meter from home. Requirement of 
indoor and outdoor area for sports, games and leisure time activities in offices and 
in educational institutions. Give importance for jogging paths, swimming pool, 
sports ground, cycle tracks to promote physical activity. A quality open space to 
conduct group activities likes celebrations, spiritual activities, and sport games 
in regional scale city scale and in neighborhood to promote physical activity. 
Built associate with open spaces which support recreation activity, celebrations, 
promote physical activity etc. Open spaces and parks in neighborhood level and 
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in city scale which promote Increase family leisure time. Integration of quality 
open spaces, parks, etc. which caters pluralistic activities like leisure time, 
celebrations, spiritual, sport games etc. in neighborhood level. 

iii. Peri-urban agriculture: - Household farm unit occupying either terrace or land 
to promote physical activity by working. Small scale group farming unit within 
the community area. Household farm unit occupying either 50% terrace area or 
50 square meters. Open area required for 5 cents and above plots. In case of 
apartments, provide 50 square meters. Open area and 50% of terrace area for each 
household. Requirement of fruit bearing trees along streets to achieve fresh fruits 
and vegetables as a part of city beautification movement. 

iv. Local Markets: - Local Market required within 500m from home promotes walking 
(distance 1km to and fro). Local Market required within 500meter from home that 
is the availability of fresh and local foods.  

v. Movement network: - Comfortable streetscape with shaded trees along internal 
movement network in neighborhoods supporting walking, cycling, children’s 
play to promote physical activity. Incorporating origin and destination movement 
network in land use pattern in order to minimize travel distance and to support 
walking and cycling. Integration of active streets with interlinked movement 
network in public areas supporting walking, cycling, group chat, informal 
commerce & eateries receiving max active living. Built associate with street 
network to support walking, cycling or to receive transit interchange point to 
promote safe and comfortable movement. Small patch of land (pocket areas) 
which associated with internal streets to promote chit-chat, children’s play 
etc. Comfortable streetscape with shaded trees along movement network in 
neighborhood areas supporting walking, cycling and jogging. Streetscape with 
shaded trees along internal movement network in neighborhoods supporting 
walking, cycling, children’s play area which promote social integration. Provide 
adequate safe transit interchange with in walkable distance to promote walking 
and cycling. Road hierarchy as per traffic density, road width, type and speed of 
the vehicle. Adequate interconnection to organize traffic segregation. Dedicated 
routes for public transport, goods traffic and ambulance services. Pedestrian 
safety and friendly movement networks in various scales from highways to 
internal pathways. Strict control over private vehicle population& traffic calming 
measures shall be adopted. Adequate open space along roads which can carry 
mass and spontaneous movement of pedestrian. 

vi. Ecology:-Conservation of Eco-Sensitivity (water body, Paddy and wet lands), 
Ground water conservation that is the backbone of food and security of that area. 
Conservation of medicinal plants and ecosystem.

vii. Informal commerce: - Promote informal commerce which is a part of ethnic 
food system. Strict regulation in medical shops and informal commerce selling 
pan masala, brown sugar, cocaine etc. to prevent use of tobacco and alcohol. 
Community living:-Social integration of neighborhood by group housing units 
with no segregation of religion, caste and income which supports healthy 
community living. 

viii.Waste management:-Requirement of scientific methods of organic waste 
management system to support bio-fertilizer in neighborhood level. Scientific 
methods of waste management with zero pollution concept. 
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ix. Built: - Built use restriction for hazardous activity. Built density regulation in 
construction activity to reduce massive constructions. Also provide at least 
12m distance in between two high rise built units. Mixed built use which 
create maximum social mix, safety and security. Promote natural built material, 
Lifecycle assessment for building materials and promote sustainable building 
typologies. Land use: - Mixed land use which create maximum social mix, safety 
and security. Land use segregation for industrial area, aerodrome and hazardous 
activity away from residential land use. 

x. Activity: - Measures to revitalize and to generate social activity in throughout 
the community areas by peacemaking or create activity generators. Integration 
of pluralistic spaces which encourage leisure time activities likes celebrations, 
spiritual activities, sport games etc. Measures to revitalize & to generate activity 
in hidden unsafe pocket areas. Tourism potential of the city shall be explored for 
leisure time activities. 

xi. Local resources:-Explore local resource in sustainable manner to achieve 
occupational safety and security.

Urban health framework, urban design guidelines and doctors recommendations are 
perceived in a broader sense, when it comes to discussions on health challenges in 
a city scale. But it is generally seen that, any intervention is carried out in an ad-hoc 
manner focusing only on overcoming the present adversities in small time frame and 
small scale.

The inherent character of Kerala with its unique cultural geography, greenery, opens 
space and associated wetlands are facing the threat of urbanization. Degradation of 
this natural layer in the course of rapid urban development will not only disturb the 
ecology but also create threat to the basic human survival. Urban designers have to be 
sensitized towards a sustainable way of approaching urban health too whether it be 
creating built or un-built environment. According to in Brundtland report (Murphy, 
2010), the definition for sustainability is “development which meet the needs of the 
present without compromising the ability of future generations to meet their own 
needs”, and it is for the future generations that we need to leave the open space, the 
legacy of good air, water and an environment of good health & wellness. 
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Conservation of both tangible and intangible heritage is a challenging issue which 
is compounded when the heritage relates to urban areas. The severe land and space 
demand in urban ares make leisurely laid out heritage spots an uneconomical use 
of land and space. The value of heritage, even when recokned in whatever way, 
is clearly negligible to the urban land devoloper. The economic development of 
the state has also ensured that the amneties of heritage structures no longer suit 
the middle class. Yet another factor that works against heritage conservation is the 
migrant population in urban areas. In Trivandrum city for instance, you are twice or 
thrice likely to find a resident who has migrated to the city than native of the city. 
The organic disconnect of a migrant resident to the local history and the heritage is 
natural. They are more likely to be insensitive to heritage preservation of the city. 

The intangible heritage faces more or less the same problem everywhere. The 
advent of globalisation and acceptance of global values and culture have pushed the 
local heritage to the background. They survive only because of the small die-hard 
followers or fans. Families which have tradition in crafts like brass work, jewellery 
making, or even well digging find the craft vanishing, as the young generation looks 
down upon the profession due to white collar mentality earned through modern 
education. Even the tiny house keeping habits prevelant in homes, which are eco-
friendly and sustainable, have been wiped out by products, junk food and gadgets 
which are effectively marketed. Against the above dismal backdrop, the social media 
itself helps to create awareness about heritage and document some of the vanishing 
heritage. Movements like “Heritage walk” in Trivandrum and the “Trivandrum 
Talkies” which thrive through the social media give a ray of hope.

Urban Heritage Conservation

prof. (dr.) achuthsankar s. nair
Dean, Faculty of Applied Sciences and Technology 
University of Kerala, Thiruvanathapuram
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Tourism has been happening in all spheres of the world from time immemorial. There 
is not even a single ecosystem or natural settings where tourism has not left behind its 
marks whether it is a rural or urban setting. Tourism has become an academic subject 
probably in the eighties and this has resulted in the coinage of new terminologies 
and classification of tourism products. The term Urban Tourism find its place in the 
research and academic world during the same period although people have been 
travelling to urban spaces for leisure purposes. Urban tourism can be defined as 
various activities engaged by tourists in which city is a main destination or place of 
interest. The advent of technology especially in the transportation sector resulted in 
easy and cheaper travelling to cities. The airports are mainly located in cities and 
when airports become gateways for tourist entries, the cities have capitalised on 
its attractions to showcase to the tourists. While some cities promoted the existing 
attractions, some others added new attractions that are of interests to the tourists. 
Thus the existing cultural centres like museums, art galleries, palaces, forts, pilgrim 
centres, other historical monuments, theatres, parks and water bodies have become 
centre of attraction for tourists. Many cities developed shopping malls, convention 
centres, restaurants, theme parks and other entertainment facilities to add to the 
existing attractions. City tours have been designed and in some cities tourists are 
taken in specially designed vehicles so that tourists get a good view of the city from 
the vehicle itself.

The promotion of urban tourism has one way resulted in quality infrastructure 
development for the cities in terms of accommodation facilities, transportation, 
communication systems etc. to meet the requirements of tourists. Urban tourism is 
source of employment to many and the economic transactions that happen in the 
cities would be on the rise resulting in increased revenue and foreign earnings. But it 
has put huge pressure on the resources of the already crowded cities. 

Urban tourism results in huge increase of floating population to the cities resulting 
in burdens on resources like water, energy, space etc. Since the density of population 
is high in the cities, the chances of conflicts between the local inhabitants as well as 
the tourists is on the higher side. In addition to this, all negative impacts associated 
with tourism development in any destination will be reflected in urban centres also. 

Sustainable of Urban Tourism Development in Kerala: 
Issues and Challenges

saroop roy b.r.
Asst. Professor, Kerala Institute of Tourism and Travel Studies (KITTS), Thiruvanathapuram
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The need for sustainable urban tourism development has to be viewed in this 
context. The concept of sustainable tourism banks on three pillars of economic, 
social and environmental sustainability. Currently, the urban tourism development 
in Kerala is not happening in a planned manner and so witness all negative impacts 
discussed earlier. The need for developing sustainable model of urban tourism in 
Kerala emerges from this. Kerala Tourism has adopted Responsible Tourism as a 
model of Sustainable Tourism development in the state since 2007. Although the 
implementation of Responsible Tourism in the state has been more or less focused on 
the rural settings, the principles could be well extended to the urban areas also. This 
paper closely looks at how a sustainable model of Urban Tourism could be developed 
in Kerala adopting the principles of Responsible Tourism. A planned, systematic and 
strategic approach is needed for sustainable urban tourism development. 

The first step towards this would be a tourism resource mapping of the urban 
destinations. This involves identification of all existing tourism resources including 
infrastructure facilities, cultural and natural resources that could be developed as 
tourism products. The infrastructure include accommodation facilities, transportation 
facilities, medical facilities, communication facilities, tour operation companies and 
travel agents. The cultural resources include tangible and intangible components. 
The tangible resources include pilgrim centres like temples, churches, mosques, 
forts, palaces, heritage buildings, museums, art galleries, theatres, shopping centres 
etc. The intangible components include fairs and festivals, art forms, heritage walks 
etc. The natural resources include parks, waterbodies, open areas and other scenic 
places in the midst of the city. Most destinations have gardens in their cities. As part 
of urban tourism, we should be aiming of cities amidst of gardens. The culture of 
urban gardening need to be encouraged as it not only bring aesthetics, but reduce 
temperature at the destinations. As part of product development, different packages 
and conducted tours could be operated connecting various products with the 
involvement of urban population. 

As already discussed, tourism brings in more people to the already crowded 
city. Additional infrastructure facilities may be needed for the growing demand 
of tourists. A strategic approach need to be made keeping in mind the social, 
environmental and physical carrying capacity of the destination. The planners have 
to focus on expansions using the existing infrastructure facilities of private parties, 
local community members and institutions in the cities rather than going in for 
any additional constructions. For example, the hotel industry can look at strategies 
to fill the rooms by developing new activities that meet the requirements of the 
visitors. This would bring tourists even during the lean seasons. The role of local 
community members in providing accommodation, transport, support services and 
entertainment facilities need to be explored in the context of the available facilities 
and resources. The unused land and rooms of private institutions can also be tapped 
for tourism purpose of the destination.

When urban tourism begins to bloom, the destinations usually witness impacts on 
the economic, cultural and natural fronts as well as on the management side. The 
probable impacts need to be visualised and clear strategies need to be adopted to 
tackle the situation. Since tourism involves multi-stakeholders, it would be ideal 
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to develop an institutional mechanism involving Local Self-Governments, tourism 
industry, local community members, and line departments to plan, execute and 
monitor urban tourism development in the destination.

For example, the tourism resources and assets are under the ownership of various 
agencies like local self-governments, departments like culture, tourism, irrigation, 
forest and wildlife etc. For successful implementation of urban tourism, an integration 
and co-ordination between these departments are essential for its development as 
well as upkeep. This has necessitated the development of suitable strategies where in 
all stakeholders and the tourism industry will be benefited. The major urban natural 
resources like the water bodies and parks in the cities of Kerala are mainly in a 
dilapidated condition. These have to be restored and mechanisms for its maintenance 
should be ensured. The Department of Tourism has already started the Green Carpet 
initiative by which all tourism assets under their custody are properly maintained. 

When urban tourism starts growing, the immediate issue that need to be addressed 
is the management of crowd or the visitor management. In urban tourism, two types 
of tourists usually visit the destination. The excursion group which comes in the 
morning and leaves the place in the evening as well as serious tourists who spend 
days and weeks. Different strategies need to be adopted for both kinds of tourists. 
The day visitors do not need accommodation facilities. They have to be provided 
with public facilities like information centres, clean and hygienic wash rooms, good 
quality restaurants, cloak rooms, drinking water facilities, open places, resting points 
etc. The cities may not have space to park the vehicles adjacent to all attractions. 
Parking lots need to be identified in available spaces. Conducted tours are to be 
arranged for the excursion groups so that transportation to various points would 
be taken care of. The tourists who stay for more days in the destination need good 
accommodation facilities. They usually do not take conducted tours. They prefer 
travelling alone to various attractions in the destination. In order to facilitate the 
travel of such tourists, mobile applications could be developed that guide the tourists 
to the attractions. Public transportation system also need to be strengthened for 
this purpose. Good quality buses and passenger service systems are to be provided 
connecting various destinations to the city. 

Another important aspect is the safety of the tourists. Tourists do not make repeat 
visits to the destinations if they are not safe. Since the cities are often crowded, 
issues like pick-pocketing, theft, molestation and sexual abuses may prop up. 24x7 
surveillance camera systems and effective patrolling by law enforcement agencies 
should be ensured in the crowded places.

Many visitors do not have any commitment towards the destinations or attractions. 
Usually, they are seen littering the places after they leave. A scientific system of 
waste management has to be brought in to ensure that the destinations are clean. 
There are certain tourists who are involved in vandalism or misbehave with the local 
community. It would be ideal to develop Code of conduct for visitors highlighting the 
dos and don’ts of the destination so that we have more responsible tourists. 

For urban tourism to flourish, service of quality manpower is essential. Success of any 
tourism project is possible only with the active participation of the local community 
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members. A visionary thinking is needed to make them part and parcel of the tourism 
development including planning, implementation and its monitoring in addition to 
the employment opportunity. A good number of opportunities emerge for the urban 
population to associate, with the development of new tourism products. Students 
get the opportunity to earn while they learn. Being studied in the city schools, most 
of them have good communication skills. A little bit of skill enhancement linked to 
tourism would fetch them good part-time jobs. Academicians and researchers from 
various disciplines get the opportunity in designing innovative tourism products as 
well as in training the urban population in getting tourism related jobs.

Kerala is a state where the villages are getting urbanised in a fast manner. Thus 
the potential for urban tourism in the state is also growing. Although tourism is 
happening in the cities for quite some time, a planned approach as “Urban Tourism” 
has not been taken so far. Since urban tourism brings out positive and negative 
impacts to the society as well as environment, it is therefore recommended that a 
careful approach has to be taken while designing it. A participatory model of tourism 
development with the urban population at the centre involving other stakeholders, 
a sustainable model of urban tourism could be developed addressing the socio-
economic, cultural and environmental issues.
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introdUCtion

 Geographically Kerala is a land of mountains and valleys, evergreen forests cascading 
water falls and palm ringed lagoons Innumerable rivers and river lets criss crossing 
the countryside towards the west to reach the Arabian sea. The western ghat on 
one side and the Arabian sea on the other side effectively create a unique climatic 
condition from rest of the country. The wind system in the adjoining Indian ocean and 
the Arabian sea is subject to periodical reversal and controls the day to day weather 
of our state. Being a maritime state having long coast line any significant change in 
climate will lead to un pleasant situations to our way of life, our agricultural patterns 
our fishery resources (both marine and in-land) and output in plantation crops. The 
climate of Kerala is tropical maritime and monsoon in character. Temperatures and 
humidity are high throughout the year and rainfall is abundant with rain for nearly 
ten months there are some rain even in the remaining months. Mountain barriers, 
altitude, latitude land water masses vegetation, soil type ocean currents etc are major 
factors of climatic control. Any changes in these controls, either natural or man made 
will lead to changes in the climate. It may be for a limited area (micro climate) due to 
significant changes in land use patterns or for wide geographical area as in the case 
of global warming. In Kerala the mountain barriers (The western ghats) and Arabian 
Sea and adjoining Indian ocean are the major factors contributing to the climate 
regime outside the summer monsoon periods.

The Western Ghats influence the weather very much. The forced ascent of monsoon 
currents give rise to heavy rainfall on the windward side of the region. The intensity 
of the rain is dependent not only on the altitude, but also on the strength and 
direction of the current as well as the steepness of the slope and other characteristics. 
In Kerala sector the average height of the western ghats is about 950 m, but it attains 
height of 1800 to 2600 m. Floods and Land slips are common phenomena during the 
rainy season. Many rivers originate in Western Ghats. The catchment area receives 
heavy and prolonged rain fall, they are short in length and flow through steep slopes 
and are subject to floods. There are 44 rivers in Kerala for or which are over 160 km 
in length three are east flowing as tributaries to the kaveri while all others are west 
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flowing these rivers dry up or thin out during the non rainy months since all of these 
are rain fed. The influence of inland water bodies on the climate of its neighborhood 
are worth for its mention. The largest is the Vembanad lake stretching an area of 
200 km². Five rivers drain into this lake which open into the Arabian sea at Kochi. 
Other major lakes are Kayamkulam 60 km². Ashtamudi 50 km² etc and Sasthamkota 
4 km²is the only natural fresh water lake. 

The climate particularly temperature and precipitation are responsible for the biotic 
pattern. vegetation has often been employed as basis for climatic classification. 
The pattern of plant changes progressively from low land to the high ranges in 
conformity with climatic regime terrain and soil type. The low flat land are fertile 
farmlands mainly of rice, bananas and coconut plantations, while the middle land 
have plantations of rubber, pepper, cashews, jack and mango trees. Papaya, tapioca 
and pineapple are also grown here. While the high land having verdant slopes have 
plantations of cardamom, pepper, coffee and tea. 

thE sEasons oF KErala 

Being a small and distinct geographical unit located in the tropics and the proximity 
to sea the climate of Kerala is not subject to drastic variations in most meteorological 
elements. The most significant variations is in respect of rainfall. Variations of 
temperature are comparatively small. Rain fall and temperature can be employed 
as the key indicators in arriving at a classification of seasons of Kerala as in table 1.

tEmpEratUrEs 

 Proximity to sea coupled with location governs the diurnal and seasonal variations 
of temperature. It is comparatively small in the coastal belt. The range widens in the 
interior and over high terrain. At coastal stations any delay in sea breeze onset may 
cause an abnormal rise in maximum temperature leading to discomfort due to high 
humidity and absence of wind chill factor Surface temperature register appreciable 
fall with the onset of monsoon The average temperature are lowest in this season 
except over high terrain (table 2). Diurnal variation is the least in during July. 
Analysis of mean maximum temperature during January, March, July and highest 
maximum temperature ever recorded over Kerala are showing in the fig. 1.

As per latest assessment report AR5 of Intergovernmental Panel on Climate Change 
(IPCC, 2014), warming of the climate system is unequivocal. Each of the last three 
decades has been successively warmer than any preceding decade since 1850. It is 
virtually certain that there will be more frequent hot and fewer cold temperature 
extremes as global mean temperatures increase (IPCC, 2013). There is now 
incontrovertible evidence that the world’s climate has been undergoing change 
due to global warming. Surface temperature is the parameter likely to be impacted 
substantially in the climate change scenario. Jones et al. (2012) monthly time series 
for ERA-Interim and CRUTEM4 (both set as anomalies by month based on the period 
1979-2010) shows positive trend for the northern hemisphere. Many observatories of 
IMD have continuous records of surface temperature, but maximum and minimum 
temperatures and its average are the most published and referred. Most of the regions 
of India show a warming trend for the period 1901-2009 (Attri and Tyagi, 2010; 



N. T. Niyas et al.,Urban Climate Change Study Over Kerala

85 CED  & EMC

Santhosh and Niyas, 2014). The profile is similar to the global temperature index. It 
must be stated that the temperature rise as manifested over India could be partly due 
to urban heat island effect as most of the observatories of IMD are situated in towns 
and cities which has undergone rapid urbanization. During the last century, surface 
temperature over India has shown significant increasing trend (Hingane et al., 1985). 
Rupa Kumar and Hingane (1988) investigated long-term variations of seasonal and 
annual surface air temperature at six Indian industrial and nonindustrial cities each 
and have concluded that Mumbai has shown a significant linear warming trend. Rao 
et al. (2005) analyzed high and low temperatures in connection with the climate 
change over India and concluded that during summer 60-70% of the coastal stations 
are showing an increasing trend in critical extreme maximum day temperature and 
increase in night temperatures. Rao et al. (2004) studied the percentage frequency 
of the number of days with summer maximum temperatures >35 °C. Percentage 
number of days of maximum temperatures of >35 °C is increasing over Mumbai and 
significant at 95% level. The trends in maximum, minimum and mean temperatures 
are documented the most. However, the temperatures to which we are exposed to 
the most and its trends are equally important in global climate change prospective. 
Total number of hours in which a temperature (one degree interval) resides is the 
resident time of that particular temperature for a day. By using this concept, the 
entire spectrum of temperatures is used to find out the resident time of each degree 
of temperature for a month, for a year and for a decade. An attempt is made in this 
study for finding out the trend in mean temperatures and also the trends in resident 
time of the lower and higher temperature regimes which together constitute at least 
20 per cent of the resident time of the initial decade.

data and mEthodology

All available (1969-2012) hourly autographic data of temperatures for 
Thiruvananthapuram are collected from IMD, Pune. In order to avoid the loss of 
available valuable data, a ten year period starting from 1969 to 1978 is taken as 
the first decade instead of the calendar decade of 1971 to 1980. After checking 
the homogeneity and homogenizing the series the climatic data were put to trend 
analysis. Linear regression method which is widely used across the globe (Rupa 
Kumar and Hingane, 1988; Amit Dhorde et al., 2009) to find long-term trends is 
utilized in this study for deriving trends in temperature. The present study aimed 
at quantifying the change in surface air temperature.Curve fittings of different time 
period for each station are done and it will serve as a tool for future reference.

resident time

Total number of hours in which a temperature (with one degree interval) resides is 
the resident time of that particular temperature for the day and this gives an idea of 
the temperatures to which we are exposed the most. The frequency table of resident 
time of each temperature with one degree interval up to the maximum temperature 
is prepared (Sudevan, et al. 2016). Since the availability of data is from 1969, the first 
decadal started with 1969-78, then 1979-88 and so on instead of calendar decade 
staring from of 1971-1980. The remaining available period also considered together 
to get the status of recent period. The frequencies are calculated for resident time 
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with respect to each degree of temperature for all months, viz., January to December, 
seasonal and annual. The annual frequencies are converted to percentage frequencies 
as a standardizing tool for comparing with other decades and stations which are 
having varying data set due to missing data. This method will rectify the cropping 
in of errors due to data gaps, if any. Contour analysis of resident time has also been 
performed on the data tables.

thiruvananthapuram

While considering the entire data set for Thiruvananthapuram, the lowest minimum 
is in the range of 19.0-19.9 and highest maximum is in the range of 37.0-37.9. Then 
sorted the data into decade-wise and frequencies of resident time are calculated 
with respect to the temperature ranges of 19.0-19.9, 20.0-20.9, 21.0-21.9,…, 37.0-
37.9 respectively for all the months, viz., January to December and also annual are 
converted to percentage frequencies as shown in Tables 3-7.

temperature distribution of head and tail regime

The resident time of the lower and higher temperature regime which together 
constitute at least 20 per cent of the resident time of the initial decade and its trend 
during the subsequent decades were also studied in detail. The expected scenario 
for any station in view of warming of the climate system which is unequivocal is 
shown in Fig. 2. The shift in the mean and the frequency of resident time of lower 
and higher end of temperatures (i.e., up to 24 °C and above 31 °C), which is covering 
around 20% of the total resident time of the first decade and is shown in Fig. 3. 
The resident time of lower temperatures are decreasing and higher temperatures are 
increasing and the trend is shown in Fig. 4.

rEsUlts and disCUssion

Attempts are made here not only to study trends but also to quantify the rate of 
change in temperature during the period 1969-2012. The features associated with the 
analysis of all the cities studied and only about Thiruvananthapuram is discussed 
in detail.

Features associated with thiruvananthapuram

Thiruvananthapuram is situated on the west coast of India at 8° 29₹ N and 76° 57₹ 
E and has a tropical wet and dry climate. The changes taken places in the lower 
and higher temperature ranges are significant in any climate change study. For that 
reason, 1969-78 taken as a reference decade with resident hours having temperatures 
up to 24 °C and above 31 °C, which is covering around 20% of the total resident time 
for Thiruvananthapuram. For the decade 1969-1978, Thiruvananthapuram having 
total 82577 hourly temperature data sets. Out of this, April representing 6449, the 
least and May representing 7405, the highest among the data sets. In this decade, 
temperature hit 27 times in the minimum range of 19.0-19.9 during December to 
February and 2 times each in its maximum range of 35.0- 35.9 in March and May. 
Range between the maximum and minimum for Mumbai is very high compared to 
Minicoy and Thiruvananthapuram, even though all the three stations are having 
maritime effect is common, is because of extra- tropical influence in the winter 
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season (Sudevan, et al. 2016). Percentage frequency of resident time is given in 
Table 3. For the decade 1979-1988, Thiruvananthapuram having total 85945 hourly 
temperature data sets. Out of this, February representing 6774, the least and October 
representing 7362, the highest among the data sets. In this decade, temperature hit 
37 times in the minimum range of 20.0-20.9 during December to February and 4 
times in its maximum range of 36.0-36.9 in March. Percentage frequency of resident 
time is given in Table 4. For the decade 1989-1998, Thiruvananthapuram having a 
total 78606 hourly temperature data sets. Out of this, February representing 6044, the 
least and March is representing 6696, the highest among the data sets. In this decade, 
temperature hit 20 times in the minimum range of 20.0-20.9 during December to 
February and 15 times in its maximum range of 35.0-35.9 in March to April. 
Percentage frequency of resident time is given in Table 5. For the decade 1999-2008, 
Thiruvananthapuram having a total 86660 hourly temperature data sets. Out of this, 
August representing 6688, the least and May representing 7440, the highest among 
the data sets. In this decade, temperature hits 33 times in the minimum range of 20.0-
20.9 during December, January and March and once each in its maximum range of 
37.0-37.9 during September and February. Percentage frequency of resident time is 
given in Table 6. For the remaining period 2009-2012, Thiruvananthapuram having 
total 35032 hourly temperature data sets. Out of this, February representing 2779, the 
least and May, July, August and December are representing 2976, the highest among 
the data sets. In this decade, temperature hit 7 times in the minimum range of 19.0-
19.9 in December and January and once in its maximum range of 36.0-36.9 in March. 
Percentage frequency of resident time is given in Table 7. 

The decadal mean temperature ( ) is calculated using the formula

Where  is the percentage frequency of resident time and  is the middle value 
temperature of the ith frequency class. Linear trend (°C per decade) of decadal 
mean temperature for Thiruvananthapuram is shown in the Fig. 5. The equation 
for linear trend of decadal mean temperature will be the characteristic equation for 
Thiruvananthapuram.

The characteristic equation for Thiruvananthapuram is  projecting 
the next decadal mean temperature as 27.76°C. The same way, non-linear 
characteristic equation of Thiruvananthapuram is  which 
is projecting the next decadal mean temperature as 27.62°C only. 
and , which is negative and shows a reduced rate from the previous decade. 
Decadal linear trend (°C per decade) in seasonal (monsoon) mean temperature for 
Thiruvananthapuram is shown in the Fig. 6. The rate of increase of mean temperature 
in this period is 0.172 °C per decade. Decadal linear trends (°C per decade) in mean 
temperature during non-monsoon season are given in Fig. 7. The rate of increase 
in mean temperature during this period is 0.155 °C per decade, is slightly less than 
the annual mean trend of 0.159 °C. This may be due to decreasing trend in the 
rainy days and rain intensity during monsoon season. Rainfall activity in monsoon 
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period seems to be the correction factor for the increasing trend in the annual mean 
temperature. These observed changes in temperatures are due to changes in land 
use pattern, increase in automobile registration, construction activities, urbanization 
and increase in population (Sudevan, et al. 2016). 

It is also to mention that the annual trend is suppressed, which may be due to changes 
in rainfall pattern during non-monsoon period, may require further investigation 
with rainfall data. Details regarding the changes taken place in the lower and higher 
temperature ranges are given in the table 8 and linear trends are shown in the Fig. 
4. The resident time of lower temperatures are decreasing at the rate of 1.454% per 
decade and if the same linear trend continues up to the next four decades, then 
there will not be significant resident time of temperatures below 24 °C. However 
lower temperature can break the extremes or some percentage of resident time would 
still be there for temperatures below 24 °C, if suitable synoptic situations arise or if 
we consider non-linearity in the trend. The resident time of higher temperatures 
are increasing at the rate of 1.187% per decade and if the same scenario continues 
up to the next eighty decades, then the temperatures will be above 31 °C only. 
Percentage frequency of resident time for the lower and higher temperature regime 
for Thiruvananthapuram during monsoon period is given in Table 9.

heat island intensity in thiruvananthapuram

Heat island intensity is studied in different important areas in Thiruvananthapuram 
during 2014 and 2015. Fig. 10 and Fig. 11 are showing Isotherm analysis of a heat 
island intensity in Thiruvananthapuram and wind analysis of a ground floor of 20 
storied Flat on a cloudy day. The urban heat islands are also a contributing factor 
for temperature change, which in effect contribute to the global climate system. 
Local governments can play crucial role in mitigating these effect by suitable urban 
planning (Eg. Switching over to underground cables for electricity distribution to 
make way for planting more trees in the foot path).

Embedded system of climate

Decadal rate of trend in temperature (°C) for Mumbai, Thiruvananthapuram and 
Minicoy for annual, non-monsoon and monsoon period is shown in Fig. 8. It is 
observed from the analysis that the trends in mean temperature during non-monsoon 
and monsoon periods are increasing at different rates and is significantly higher 
in non-monsoon period. However, the annual trend in the temperature is lower 
than the trend in non-monsoon period suggests the influence of rainfall activity on 
temperature. Any significant change in rainy days and its intensity due to climate 
change will certainly influence the future temperature pattern. Accelerated increase 
in trend in case of reduction in rainy days or in intensity, retarded increase in trend or 
even decreasing trend in case of increase in rainy days or in intensity. This feedback 
mechanism is given in Fig. 9, which is self explanatory. The trend in rainfall pattern 
due to climate change is in itself work like a feedback mechanism which controls the 
future trend in temperature and in effect the climate system as a whole.
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ConClUsions

Trends in the resident temperatures show the shifting towards higher sides including 
Minicoy. This confirms the effect of global warming irrespective of urban effect. There 
are significant changes in trends in all the stations even during monsoon season for the 
entire period. The scenario of significant climate change especially global warming 
is now well documented and the evidence incontrovertible. Projected climate change 
over India based on various models in IPCC reports suggests steady increase in 
temperature. This study has given characteristic equation for Thiruvananthapuram 
which is projecting the next decadal mean annual temperatures as 27.76 °C. The 
rate of trend in temperature change is very high for Mumbai than other cities. The 
trends, both annual and seasonal, showed increasing tendency in temperature during 
the second half of the last century. The annual mean temperature at each city has 
increased. The results are summarized as follows.

(i) The resident time of lower temperatures in Thiruvananthapuram are decreasing 
at the rate of 1.454% per decade and if the same linear trend continues up to the 
next four decades, then there will not be significant resident time of temperatures 
below 24 °C. However, the resident time of higher temperatures are increasing at 
the rate of 1.187% per decade and if the same scenario continues up to the next 
eighty decades, then the temperatures will be above 31 °C only.

(ii) Decadal linear increasing trends in mean temperature during non-monsoon 
season for Thiruvananthapuram is 0.155 °C per decade.

(iii) The rainfall activity in monsoon period seems to be the correction factor for the 
increasing trend in the annual mean temperature. However, the rate of increase 
of mean temperature for Thiruvananthapuram during monsoon seasonal for the 
study period is 0.172 °C per decade, is slightly higher than the decadal trend in 
annual mean. This small trend may be due to decreasing trend in the rainy days 
over Thiruvananthapuram. However, lower temperatures of the above cities can 
break their extremes or some percentage of resident time would still be there for 
lower temperatures, if suitable synoptic situations arise or if we consider non-
linearity in the trend.

(iv) The trend in rainfall pattern due to climate change itself is a feedback mechanism 
for the future climate system.

(v) The urban heat islands are also a contributing factor for temperature change, 
which in effect contribute to the global climate system. Local governments 
can play crucial role in mitigating these effect by suitable urban planning (Eg. 
Switching over to underground cables for electricity distribution to make way for 
planting more trees in the foot path).

(vi) Ecologist hold that the tropical rain forest of Kerala is one of the few left in the 
world even though a lot of man made activities are continuously changing it in 
the micro level The topography, type and extend of vegetation, the inland water 
bodies, the soil type, the land and sea contrast etc are clearly understood to have 
an influence on the local weather and climate. They are parameterized and being 
incorporated in the numerical model which are daily run for the extended range 
weather forecast. Effort should be made to preserve our topography, flora and 
fauna so that the climatic pattern and the eco system are not lost for ever. It is not 
too late to act on our part to preserve it for our future generations.
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tablEs

table 1 
 Classification of seasons of Kerala

Sl No Seasons Duration 

1

Wet Season 

a. Kalavarsha (South West Monsoon)

b. Thulavarsha (North East Monsoon) 

June to November 

June to September 

October November 

2 Dry Season (winter) December to February

3 Hot Season March to May 

table 2 
temperature (normal) pattern over Kerala

Station
January April July October

Max Min Range Max Min Range Max Min Range Max Min Range

Thiru-
vanan-
thapuram

33.3 20.1 13.2 34.3 22.8 11.5 31.2 21.7 9.5 31.8 22.0 9.8

Kochi 32.5 21.1 11.4 32.8 23.0 9.8 29.9 22.1 7.8 30.8 22.5 8.3

Palakkad 35.4 19.8 15.6 39.5 21.9 17.6 30.5 21.1 9.4 33.3 21.8 11.5

Kozhikode 33.0 19.8 13.2 34.3 22.8 11.5 30.9 21.9 9.0 32.3 22.1 10.2

Mangalore 34.1 19.5 14.6 33.6 22.9 10.7 30.7 21.3 9.4 32.0 21.9 10.1

table 3 
percentage frequency of resident time of temperature for  

thiruvananthapuram during 1969-78
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table 4 
percentage frequency of resident time of temperature for  

thiruvananthapuram during 1979-88

table 5 
percentage frequency of resident time of temperature for thiruvananthapuram during 1989-

98
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table 6 
percentage frequency of resident time of temperature for thiruvananthapuram during 1999-

2008

table 7 
 percentage frequency of resident time of temperature for thiruvananthapuram during 

2009-2012
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table 8 
 percentage frequency of resident time of temperature of the head and tail regime

table 9 
 percentage frequency of resident time of temperature of head and tail regime during mon-

soon period
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FigUrEs

Figure 1 
temperature analysis over Kerala
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Figure 2 
 Expected scenario for a station in view of warming of the climate system

Figure 3 
 percentage resident time of the temperature for thiruvananthapuram
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Figure 4 
decadal linear trend (%) in percentage resident time of the temperature  

< 24 °C and ≥ 31 °C for Thiruvananthapuram

 

Figure 5 
 linear trend (°C per decade) of decadal mean temperature for thiruvananthapuram
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Figure 6 
 decadal linear trends (°C per decade) in seasonal (monsoon) mean temperature  

for thiruvananthapuram

 

Figure 7 
decadal linear trends (°C per decade) in non-monsoon season mean temperature for thiru-

vananthapuram
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Figure 8 
decadal rate of trend in temperature (°C) for thiruvananthapuram for annual, non-mon-

soon and monsoon period

 

Figure 9 
Embedded system of climate

 



ThiruvananthapuramKerala Environment Congress 2016

100 CED & EMC

Figure 10 
isotherm analysis of a heat island intensity in thiruvananthapuram

 

Figure 11 
wind analysis of a ground floor of 20 storied Flat on a cloudy day
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introdUCtion

Natural hazards by themselves do not cause disasters – it is the combination of 
an exposed, vulnerable and ill-prepared population or community with a hazard 
event that results in a disaster. Climate change will therefore affect disaster risks in 
two ways, firstly through the likely increase in weather and climate hazards, and 
secondly through increases in the vulnerability of communities to natural hazards, 
particularly through ecosystem degradation, reductions in water and food availability, 
and changes to livelihoods. Climate change will add yet another stress to those of 
environmental degradation and rapid unplanned urban growth, further reducing 
communities’ abilities to cope with even the existing levels of weather hazards.

Understanding the disaster proneness of the city and undertaking appropriate risk 
management activity is essential to the wellbeing of the city dwellers. Increasing 
frequency of urban flooding, severe droughts and windfall of trees in the recent past 
has proved disastrous to life, property and livelihood in the city (The term “windfall” 
refers both to a tree that has toppled to the ground, and to the disturbance created by 
its fall - Govt. of Canada).

CasE stUdy: thirUvananthapUram City 

Thiruvananthapuram City is home to nearly eight lakh people inhabiting 215 km2 
of land. With the current rate of urbanization and development, the city and the 
adjoining urban sprawl is expected to witness a massive growth in its population. 
Thiruvananthapuram city is historically vulnerable to various natural disasters. 
The city is prone to naturally triggered hazards like flood, drought, coastal erosion, 
lightning and earthquakes and human induced hazards like petro-chemical accidents, 
transportation accidents and epidemics. (Vide GO (Ms). 343/2015/DMD dated 23rd 
July 2015, the Government of Kerala has recognized lightning, coastal erosion and 
‘strong wind less than cyclone or cyclonic storms which causes damages to life and 
property’ as state specific disasters with entitlement for relief assistance from NDRF/
SDRF).

Urban Hazard and Vulnerability Assessment:  
Case Study for Thiruvananthapuram City

pravathy s, siju thankappan, mary midhula maxy, ninu Krishnan m.v, 
vrinthanath m.C, sunil K. babu, pradeep g.s, sruthi ravindran, amruta 
thampi rajan, sunil K babu and sekhar l Kuriakose.
Kerala State Emergency Operations Centre (KSEOC), Kerala State Disaster Management 
Authority (KSDMA), ILDM, PTP Nagar, Thiruvananthapuram – 695038. Email: seoc.gok@gmail.
com; Tel/Fax: 0471-2364424. Web: disasterlesskerala.org
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The 35 km long coastline is vulnerable to various hazards particularly during 
monsoons. Of the 100 wards in the city corporation, 14 wards have coastal line as 
boundary.

The city has experienced minor earthquakes. Lightning, which is of common 
occurrence during north east monsoon season claims several lives and causes 
damage to property almost every year. The rise in anthropogenic hazards such as 
industrial mishaps, road accidents are also of major concern. Windfall is a common 
event in the city causing substantial damages to life and property.

hazard, vulnerability and risk assessment

Hazard, vulnerability and risk assessment is the combined process of quantifying 
the spatio-temporal return probabilities of various hazards, the expected degree of 
damage that a given element or set of elements-at-risk is exposed to and the expected 
monetary losses when a given area is exposed to hazards within a given period of 
time. This forms the most fundamental and primary activity in the disaster risk 
reduction cycle and hence has to be a continuous process.

In the context of HVRA, the terms hazard, vulnerability and risk has specific 
definitions, they being:

•	 Hazard (H): is the probability of occurrence of a potentially damaging phenomenon 
within a specified period of time, within a given area.

•	 Vulnerability (V): the degree of loss to a given element or set of elements-at-risk 
resulting from the occurrence of a natural phenomenon of a given magnitude. 
Usually expressed on a scale from 0 (no damage) to 1 (total damage).

•	 Elements at risk (E) means the population, properties, economic activities, 
including public services, etc. at risk in a given area.

•	 Risk (R): is a function of hazard, vulnerability of cumulative loss potential, often 
expressed in monetary-value/time.

The universally accepted method for conducting HVRA follows the guiding formula:

r = h * v * amount

where, Amount is the monetary-value of the element(s)-at-risk. Thus for each hazard 
probability scenario one can estimate a specific vulnerability and a specific risk. All 
this is easily said than done. There are complexities involved in all stages of this 
calculation, starting from hazard quantification (for example, how to calculate the 
return probability of epidemics, road accidents, lightning strikes etc.) to assigning a 
specific monetary-value to social elements at risk (for example, an ancestral temple, 
a tomb, a pregnant woman, etc.). All the three components of HVRA have spatial 
and temporal dimensions and the results if to be useful for administrators have to be 
spatially explicit and thus have to be maps generated in a Geographic Information 
Systems (GIS) environment that provides integrated spatial analysis capabilities.

The primary objective of undertaking a HVRA is to anticipate the potential 
hazards and possible mitigation measures to help save lives, protect property, 
assets, reduce damage and facilitate a speedy recovery. The HVRA helps the policy 
makers, administrators and the community to make risk based choices to address 
vulnerabilities, mitigate hazards, and prepare for response to and recovery from 
hazard events. Further, in areas identified as potential hazard hotspots through 
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HVRA, early warning systems that incorporate instrumented monitoring devices, 
high-end numerical predictive models and communication devices may be developed 
and deployed such that sufficient time may be made available to authorities for 
evacuation and implementing contingency measures in the eve of an impending 
disaster.

This report was prepared by KSEOC of KSDMA with co-funding of the ‘Govt. of India 
(GoI), United Nations Development Programme (UNDP) and USAID Climate Risk 
Management Project in Urban Areas through Disaster Preparedness and Mitigation’ 
which is a sub-component of the ‘GoI-UNDP Project on Enhancing Institutional and 
Community Resilience to Disasters and Climate Change” (2013 –2017)’.

The scope of the present report is limited to the assessment of hazards and 
vulnerabilities of Thiruvananthapuram City to apparent disasters in a heuristic 
manner. Risk quantification is not attempted in its strict definition sense due to non-
availability of necessary data.

Twenty five specific recommendations are given to the City administration for 
implementation in a time frame of 2 years. Three priorities are highlighted and 
reiterated for the City administration to implement urgently:

rejuvenation of water bodies

Floods are being caused by the uneven distribution of rainfall, rapid urbanization, and 
the encroachment into and filling up of natural drainage channels and urban lakes 
due to the construction of buildings on high-value urban land. Thiruvananthapuram 
has reported its highest number of waterlogging/flooding situations during 2012–
2015. Informal settlement colonies have emerged in the cities, and the lack of 
proper planning of these areas means they lack drainage systems, thus making 
them particularly vulnerable to flood hazards. By restoring wetlands and urban 
water bodies, the risk of flooding can be reduced as they act as natural moderators. 
Restoration may also help provide an alternative water source in a context of growing 
water scarcity.

hazard risk-reduction strategies

The analysis of the City’s coping capacity shows that there is a lack of hazard-
reducing measures being applied by the city government. Existing inadequacies in 
the implementation of building by-laws and codes, development control regulations 
and land-use planning guidelines should be addressed and used to strengthen a 
compliance framework for addressing urban risk reduction issues. The coordination 
with the District Disaster Management Authority and neighbouring panchayaths in 
light of disaster preparedness, response, mitigation and climate change adaptation 
needs to be specifically addressed with urgency.

addressing the needs of those living in informal settlements

The City has a considerable population living in informal settlements which lack 
access to basic services including storm drainage and sanitation. Ensuring that 
these services are supplied will have positive impacts on the lives of the residents, 
ensuring better health and living conditions, whilst also reducing the vulnerability 
of residents to future extreme climate events.

The report is available in the website of KSEOC for public access.
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introdUCtion

Management of water and wastewater in urban areas will be a major challenge. Factors 
which lead to challenges in urban utilities management include: (i) unplanned urban 
gowth; (ii) slums and poverty groth, (iii) aging infrastructure, (iv) unacounted water, 
(iv) problems in urban sanitation, (v) under investment in infrastucture development, 
(vi) underpriced systems, (vii) weak political leadership, (viii) weak regulation, (ix) 
complex institutiona Geomatics technologies have emerged as a powerful integrated 
geo-information source in the present days urban planning and e-Governance. The 
large amount of spatial data combined with non-spatial information desired by each 
and every department in an Urban Local Body (ULB) could be made possible with 
the collective processes of High Resolution Satellite data, field surveys along with 
the existing inputs from the ULB. Geographic information systems (GIS) are capable 
of managing these large amounts of spatially combined information, providing the 
urban management with an authoritative scientific base to handle the ground based 
activities. Particularly the geo-reference of urban inputs like cadastral maps with the 
respective Satellite imagery could resolve the basic identification Govt. properties 
and private lands so that where the legal built-up could be permitted and where 
not. Similarly the GPS-ETS based survey results in producing one meter contour 
which enables to prepare 3-Dimentional maps that could be used in planning of 
water pipeline, storm water & sewerage networks. The present paper would illustrate 
such several powerful geo-information based solutions and geo-knowledge based 
management in the Urban Governance by utilizing the GIS maps generated for 37 
ULBs in the State of Telangana as part of Telangana Municipal Development Project 
(TMDP). 

The project was aimed to develop a reliable large scale Geographical information 
system that would support the administrators and the working staff at the ULB in 
their work plans and while planning to take up any ground activities involved with 
the civic services in an effective way. The scale of the maps proposed to be generated 
on large scale which could provide physical features information present in the 
ULB. Satellite images with nearly half meter spatial resolution from Digital Globe & 

GIS based solutions for Urban Planning, Knowledge 
Management and Governance

dr. Jayachandra Kannemadugu and santosh beura
CED Regional Centre, Hyderabad
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Geo-Eye were used for this purpose of creating the thematic layers by extracting the 
physical features from the imagery. The project has taken up the following activities 
to achieve best possible accuracy of the GIS database for 37 ULBs as the project area.

•	 Procurement of High Resolution Satellite imagery (HRS data) with 60CM spatial 
resolution.

•	 Conduct of DGPS (Differential Global Positioning System) Survey for recording 
of Ground Control Points (GCPs) for every Square Kilometre area towards Geo-
reference of Satellite imagery in all 37 ULBs.

•	 Vectorisation of all possible spatial features ( Buildings, Roads, water bodies, 
drainage, open plots, land use, parks/gardens etc...) from geo-referenced satellite 
Imagery

•	 Vectorisation of maps collected from ULBs (Ward boundaries- elections/ revenue), 
sewerage, water supply, utilities, hoardings, dump yard, etc..

•	 Auto level/ETS/ GPS survey for recording elevation information with minimum 
20 meter grid space and generation of 1meter contour for the ULB area

•	 Two sets of Check plots generation in A3 size to collect attribute information of 
the spatial features generated from satellite imagery from field.

•	 Compose of spatial data with attribute information into 1:750 scale and generation 
of classified colour check prints for verification by the ULB personnel 

•	 Incorporation of field corrections/ observations into the digital data

•	 Verification of digital data with the presence of ULB representative at DTCP’s GIS 
cell and submission of final data in soft copy and hard copy formats

 Fig1,2 
 vectorisation of built-up from georeferenced high resolution satellite imagery 
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Fig-3 
ground Control points collected with dgps for an Ulb & its surroundings.

The project identified nearly 45-55 thematic layers for each ULB depending upon the 
size/status of the ULB which includes Nagar Panchayats, Municipalities, Corporations 
and Metropolitan cities. The names of these thematic layers are mentioned in Table-1.

Fig: 4&5 
 one meter contour of armoor town and sewerage network of Karimnagar town.
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table1 
probable thematic layers to be generated in the project for an Ulb

satellite imagery based
thematic layers

Field survey based
thematic layers

•	 Geo-referenced Satellite image •	 Communication Towers

•	 Road Network •	 Electric sub stations, Transformers

•	 Carriage Way •	 Garbage Collection Points, Dumper 
bins

•	 Bridges / Flyover •	 Community Toilet

•	 Buildings/Structures •	 Hand Pump, community Water taps

•	 Water bodies/Rivers •	 Hoardings, Uni-poles

•	 Streams/Drainage/ Canal •	 Landmarks

•	 Grounds/Stadiums •	 Water Pumping Stations

•	 Compound wall •	 Vent Shaft

•	 Open Plots/Space •	 Water treatment plant

•	 Parks/Garden •	 Street Light, high mast lights

•	 Graveyards •	 Traffic Square

•	 Footpath •	 Tube Well/open well

•	 Over Head Tanks •	 Slaughter House

•	 Railway •	 Manholes

•	 Religious Structures •	 Landfill Site

Ulb input based thematic layers •	 Sewage Treatment Plant and 
Sewage Pumping Station

•	 Area of Interest Boundary •	 Bus Shelters

•	 Municipal Boundary •	 Fire Stations

•	 Zone Boundary •	 Drainage Pumping Station

•	 Ward Boundary-revenue & 
Elections •	 DGPS Points

•	 Tax Zone Boundary •	 Contours

•	 Slum Boundary •	 Permanent Bench Mark

•	 Colony Boundary •	 Spot Heights

•	 Cadastral Map/Town Survey Maps •	 SOI Bench Mark
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•	 Power Supply Network •	 Digital Elevation Model

•	 Sewerage Network •	 Ground Profile Raster

•	 Industrial Zones/Area

•	 Water Supply Network

•	 Drainage Network

It is clearly evident from these many layers are possible for any ULB which could 
be created from three sources as mentioned in the table and the important fact to 
be mentioned here is that certain layers needs timely updation as per their physical 
condition, size, shape, usage along with the relevant attributes. 

Buildings layer is the prime layer for any urban organization as it decides the 
physical and financial strength of an ULB. Also, the layer has more tendency towards 
timely changes in usage & ownership/occupancy aspects. Hence maximum possible 
number of attributes were identified to develop a comprehensive GIS database with 
the following categories, 

Usage based: - Residential - 01 ; Commercial - 02; Industrial – 03; Private Vacant 
Plot – 04; Agriculture Land – 05; Mix (Resi + Com) – 06; Mix (Resi + Ind) – 07; Mix 
(Com + Ind) – 08; Educational – 09; Religious – 10; Recreational1 – 11; Garden/Park – 
12;Historical Monuments – 13; Parking Space– 14; Bus Stand/Taxi Stand/Auto Stand 
– 15; Water Bodies - 16; Dense Tree Area – 17;Health Services2 – 18; Community 
Toilet – 19; Basic Infrastructure – 20; electric Sub Station – 21; Market – 22; Hawkers 
Zone –23; Forest – 24; Any other – 25; State Govt. Properties Building/Plot) – 26; 
Central Govt. Properties5 (Building/Vacant Land) – 27;Water Bodies (Ponds/Lake/
Reservoir etc.) – 28; Green Belt – 29; Municipal Asset (Building/Vacant Land) – 30; 
Landfill site – 31;Hawkers Zone – 32; Railway Properties 

Type of Construction – Pucca Building with RCCL & Stoned roof – 01; Pucca building 
with asbestos/corrugated sheet roof – 02; others – 03.

Recreational: Theatre, Club, Health Centre, Swimming Pool, Stadium and Play 
Ground

Health Services - Include Govt. Hospitals/Private Hospitals/Diagnostic Centres/ 
Clinic, Nursing Homes in one parcel

Basic Infrastructure - Includes Overhead Tanks, Landfill sites, Water/Drainage/
Sewerage Pumping Stations, Water Treatment

Plant

Government Properties - Includes all type of State & central Government Properties - 
Quarter and Offices. 

Spatial data with so many above mentioned attributes would become a powerful 
informative map that can be used in many ways in many functionalities of any 
Urban organization. Internal departments or sections handling various municipal 
functionalities such as Tax collections, Planning, building permissions, public 
health, Revenue, water supply, sewerage linkage, Protection of Govt. properties, 



ThiruvananthapuramKerala Environment Congress 2016

112 CED & EMC

Assets involved in Sports, Religious and heritage structures can derive their own 
desired secondary thematic layers from the building layer and utilize for query and 
analysis towards their requirements. The present paper is limited to illustrate only 
few applications of an Urban management.

property tax: Organisations involved in the urban management and governance 
across the World are increasingly adopting GIS technologies for various e-governance 
initiatives. The technology can be used to achieve error-free tax collections through 
complete and proper assessment of properties. Efficient collection of tax is vital for 
municipal corporations as property tax is one of the primary source of income for the 
authorities. The mandate under the Government schemes like JNNURM, emphasizes 
the need for implementation of on-line system for property tax through a proper 
mapping of properties using a GIS system. As a result many municipalities have 
adopted GIS-based property tax system to strengthen their revenues. Mapping of 
all the properties(shown in below figure) into GIS based spatial data format such 
as shape files and integrating the crucial information like - the unique Property tax 
No, House No, name of the owner, occupancy by owner or tenant, usage-residential/ 
commercial/Govt., type of building based on roof and floor, nature of the property – 
ordinary or posh, locality etc., will become the scientific base to correct the following 
general issues observed with the collection of property tax in any ULB.

Fig-6 
mapping of all kinds of properties in gis environment

Bringing 100% of the properties in the ULB into property tax system: This could be 
possible when the unique property tax No is assigned to the respective mapped 
property in the GIS data. Once all the properties which are already registered and 
paying the tax are codified, the un-assessed properties could be easily extracted with 
their geo-location and address. Serving appropriate notice and collecting tax from 
such properties would cover 100% assessments in the ULB. 
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Correcting the under-assessed properties: The common under-assessment of 
properties involves in two ways- one in terms of the plinth area and the other in 
the form of usage. This could also be corrected by utilising the GIS map which 
was prepared in a large scale and viewed at 1:1000 or higher, where the plinth and 
plot areas can be calculated automatically by the GIS software. These map areas 
when cross verified or compared with the already assessed/recorded values, any 
difference in these values could be easily identified by mapping both the data sets. 
Physical intervention of the ULB personnel into this issue, would correct to proper 
assessment. Even BRS (Building Regularization scheme) information provided by 
the property owners could be utilized in this process. The only difficulty is lying 
with the assessment of usage of the property which is dynamic as it needs timely 
updation with correct information as per the ground reality. The solutions observed 
and to be suggested towards this timely updation process are- random vigilance on 
the properties, regular survey by involving Private parties and implementing PPGIS 
– Public Participation GIS, an ideal solution where it benefits both public and ULB 
authorities. 

protection & optimal utilization of govt. assets: The large scale mapping exercise 
taken up in the TMDP has also covered the geo-reference of cadastral maps 
pertaining to the respective ULBs. The geo-referenced Cadastral map not only helps 
in identification of Govt. Survey number areas but also enable with factual condition 
whether they are protected or encroached by any private people. 

Fig7,8 
geo-reference of revenue maps & identification of govt. & private lands

This could be monitored easily as the Survey numbered revenue map can be 
superposed over the Satellite Imagery of the ULB. The layers could be made 
available in the web environment with geo-tagged information so that both public 
and administrative authorities of the ULB would get benefited while transacting the 
properties. GIS maps also helps the urban authorities to find the correct location of 
Govt. Vacant lands with their physical status so as to utilize these lands for various 
purposes viz., revenue generating sources as paid parking lots, development through 
PPP model or to develop green cover to improve the environmental conditions in the 
ULB. 

The GIS maps developed under the project depicting the utility features such as 
electrical sub stations, transformers, high mast lights, other street lights, water 
supply sources, hand pumps, bore wells, community taps, public toilets etc., and 
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Fig9,10 
 Utility features and building classification maps of an Ulb prepared in the project.

civic service related features such as location of Govt offices, E-Seva centres, Banks, 
Markets, shopping complexes, sport clubs, parks, water bodies, Religious places, 
educational institutions, bus stops/shelters etc will be of great help in monitoring 
and management of civic services and implementation of developmental programs.
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Rapid landscape changes and urban sprawl are part of unplanned developments 
with increasing social, economic and environmental problems leading to large scale 
land cover changes and would effect devastating consequences to the vegetation, 
quality and quantity of surface and ground water (Vinay et al 2013, Qihao 2001) and 
climate. In the recent past, different modeling techniques, such as Cellular Automata, 
CA-Markov, Geomod, AHP-CA-Markov, LCM, MCE, Regression, Bayesian [Pontius 
et al 2001, Herold 2005, Zhou et al 2012, Wang 2013, Chen et al 2013], etc. have 
been used for geo-visualisation of urbanization. The present study used coupled MC 
(Markov Chain) and CA (Cellular Automata) to eliminate the shortcomings of CA 
and MC approaches. In this paper RBM (Rule Based Modeling) and ABM (Agent 
Based Modeling) approaches model urban growth scenarios of rapidly urbanizing 
Bangalore city (buffer area = 10 km; timeline =2020), Karnataka, India. 

Results of the study illustrate a 2 fold increase in urban area (i.e., from 24.86 % , 2008 
to 48.39%, 2012) with a decline of vegetation cover (i.e., 38.34% to 26.40%) and other 
categories (36.26% to 26.85%) respectively suggestive of rapid urbanization. Results 
of land use analysis have been verified by generating the reference image. Overall 
accuracy and Kappa was calculated using the module r. kappa in GRASS. Again, 
the results of accuracy assessment and kappa, indicated good agreement between 
the classified satellite image w.r.t the reference datasets. Moreover, comparison of 
CA-Markov and the Fuzzy-AHP-CA-Markov, based on simulated results of 2012 
demonstrated the robust prediction power of ABM. Results of the Fuzzy-AHP-CA-
Markov simulation showed that ~ 50.05% of the AOI would be urbanized instead of 
48.66% (actual). CA-Markov with 53.6% indicates likelihood of over shooting. ABM 
technique yields land use extent with a deviation of 1.39% vs. result (=4.96%) of 
rule based technique. The kappa (=0.73) reconfirms the suitability for prediction. 
Predication of extent of likely built-up area (in 2020), using rule-based technique 
shows an increase of 70.64% vs., 66.24% obtained through ABM. This underscores 
the efficacy of ABMs for geo-visualization of urbanization process. Visualization 
of likely drastic land use changes certainly helps the policy/decision makers and 
city managers to adopt appropriate healthy/best practices while sustaining natural 
resources.

Comparative assessment of Agent based 
and Rule based models for urban growth 
visualization
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Contrary to the rights and expectations of citizens, the present services rendered 
by Urban Local Bodies (ULBs) are poor especially in the optimal delivery and 
management of basic amenities and infrastructure. The major shortcomings are glaring 
unresponsiveness, inefficiency, lack of accountability and above all transparency. 
GIS (Geographic Information System) provides a most effective platform for citizen 
engagement, and it is more so with the advent of cloud GIS and mobile GIS. In 
ULBs, GIS is usable across a wide range of departments for mapping, solutions for 
emergency preparedness, utility management, urban planning etc. 

This paper explores why the ULBs need to adapt the advantages and capabilities of 
GIS innovatively to address the community needs, based on the findings of a pilot 
study in Kochi Municipal Corporation (KMC) using the GIS based civic engagement 
apps. Some apps (designed using the Esri® ArcGIS® platform and available 
commercially) were selected and customized and configured as per the needs of 
KMC. An ingenious mobile/web application, “bolona” or “बोलोना “ is customized / 
configured to allow the citizen to report the problem (viz., pack/cluster of dogs, solid 
waste pile, damaged pavement and supporting visual/s) directly by pressing ‘submit’ 
button to the KMC authority / service provider. The application automatically tags a 
report to the location of an incident, also ensures a feedback with updates and status. 

Study revealed that use of cloud GIS with the readily available resources, apps can 
be configured and deployed for use by citizens and organization very meaningfully 
and quickly. Such spatial data stream can also be transformed to create useful, 
intelligent maps and applications. Such apps render the spatial data more accessible 
to larger community making the process of sharing and collaboration easier and 
faster. By implementing these proposed apps, citizens become the eyes and ears of 
the community by identifying the current issues and reporting them in near real-
time to the ULBs authorities. From KMC’s perspective, the apps are efficient tools to 
manage service delivery, improve accountability and in keeping citizens informed 
on how their issues are being addressed and answered. So we strongly recommend 
this technology application for use by ULBs for enabling and ensuring better and 
transparent service delivery of sorts to the citizens.

GIS based Civic Engagement apps for better urban 
governance and knowledge management

minu arun¹, anjali m. nair² and arundhathy v.t.³
1GIS Analyst, NeST Information Technologies Pvt Ltd, Kochi, India.  
email: minu.yemmez@gmail.com
2GIS Analyst, Centre for GeoInformation Technology, SEUF, Thrissur, India
3Research Associate, Kerala Forest Research Institute, Peechi, Kerala, India



ABSTRAcT Of YOUNG ScIENTIST  
PAPERS





121 CED  & EMC

Kerala Environment Congress 2016 Thiruvananthapuram

Pesticides are used indiscriminately and excessively throughout the globe, and 
these residues remain in the food materials, water, fruits, and vegetables and in 
total diet. Management of pesticide residues in food commodities can be done 
either at pre harvest stage by creating awareness among choice, dose and frequency 
of pesticide application or by adopting organic farming or at post harvest stage by 
different processing methods. Results of the project “ Production and Marketing of 
Safe to Eat Vegetables, Govt. of Kerala” revealed the presence of pesticide residues 
in pepper mint (78.94%), chilli (35%), coriander leaf (25%) curd chilli (40%), 
cumin seed (28.5%), chilli powder (27%) and dry chilli (20%) samples collected 
from Thiruvananthapuram region. Thus decontamination of pesticide residues in 
food materials is very essential. In this background present study was conducted to 
evolve simple and cost effective household techniques to remove pesticide residues 
from red chilli and ginger rhizome which were not covered by earlier studies. The 
different treatments dried red chilli fruits were: i) Dipping dry chilli fruits in curd 
and salt followed by sun drying for 1 to 2 hour, ii) Powdering dry chilli fruits as 
such, iii) Removal of fruit stalk from dry chilli and powdering whole fruits, iv) 
Powdering of fruits after removal of seeds and stalk, v) Sauting of dry chilli in frying 
pan for 2 minutes, vi) Cooking chilli powder in water for 20 minutes, vii) Drying 
and powdering chilli fruits after washing with Veggie wash at10 ml/L for 5 minutes 
followed by 3 washing in tap water, viii) followed by cooking in water for 20 minutes, 
ix) Soaking dry chilli in tap water for 5 minutes followed by drying and powdering 
and x) followed by cooking in water for 20 minutes. The different treatments in the 
case of ginger rhizomes were: i) Peeling of rhizomes, ii) Peeling followed by cooking 
for 2 minutes, iii) Dipping for 5 minutes in 2% suspension of commercial tamarind 
paste followed by 3 washings in tap water, iv) Dipping for 5 minutes in 2% solution 
of common salt followed by 3 washings in tap water, v) Dipping for 5 minutes in 
2% solution of synthetic vinegar followed by 3 washings in tap water, vi) Dipping 
in KAU Veggie wash at 10 ml/L for 5 minutes followed by 3 washings in tap water, 
vii) Dipping for 5 minutes in tap water followed by 3 washings in tap water. Based 
on the results obtained in this study, it can be concluded that by different household 
decontamination techniques we can reduce the pesticide residues to a greater extent 
and make it safer for consumption. 

Management of Pesticide Residue problem in Red 
chilli and Ginger
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Domestic waste water constitutes more than 60% of urban waste water. The 
municipal waste water treatment plants are unable to deal with such large quantities 
of sewage due to lack of infrastructure and technology. Currently, most of the sewage 
generated from urban areas is either partially treated or left untreated and directly 
released into the nearby water bodies. This release of nutrient rich (C, N and P) waste 
water into water bodies creates an ambient environment for algal growth which leads 
to eutrophication. Earlier studies carried at C.S.T, IISc, have reinforced the waste 
water treatment potential of various species of green algae and their ability to uptake 
nutrients from biogas slurry. In this study, Euglenoids were grown in waste water 
subjected to anaerobic treatment. The experiment was carried out for a period of 15 
days in 2 reactors of 10l capacity. Two consortia of algae were chosen for this study. 
Consortia 1 consisted primarily of Euglenoids and a few Diatoms in the ratio 26:1. 
Consortia 2 consisted mainly of Chlorella and a few Scenedesmus in the ratio 27:2. 
Reactor 1 and Reactor 2 were inoculated with consortia 1 and 2 respectively. Biomass 
estimation and Chemical analysis were carried out as per standard procedures.

Euglenoids help in breaking down complex organic substrates and also accumulates 
large quantity of lipids in the presence of large amount of organic substrates. COD 
reduction of 72-77% was achieved by Euglenoids reactor, thereby bringing a significant 
reduction in the organic load. Mixed algal consortia with dominant population of 
Euglenoids showed a lipid content of 24% w/w, this makes them ideal candidates for 
biofuel production. Mixed algal consortia with Chlorella and Scenedesmus exhibited 
a better Nitrogen and phosphate removal than Euglenoids. They exhibited a nitrogen 
and phosphate removal efficiency of 78-85.6% and 71-78% respectively. This research 
shows that an integrated system of sewage treatment with algal cultivation serves as 
an economical method for recovering the nutrients from sewage with simultaneous 
energy generation. Microalgae serve as ideal feedstocks for biofuel production due to 
their capability to grow and utilize the nutrients from waste water. This brings about 
a reduction in the cost of culturing algae thereby making the process sustainable 
and economical. After lipid extraction, the residual algal biomass can be subjected 
to anaerobic digestion to produce biogas. The remaining undigested residue can 
be used as a feed for fish or as a fertilizer. This mode of operation ensures water 
treatment, biomass production and energy generation.

Sewage Treatment through Algal cultivation  
with simultaneous utilization of algal biomass  
for Energy generation
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 Our climate is rapidly changing with disruptive impacts, and that change is 
progressing faster than any seen in the last 2,000 years. To mitigate greenhouse effects¸ 
it is essential to provide managers and policy makers with accurate information on 
the current state¸ dynamics and spatial distribution of greenhouse gases. The present 
study deals with the quantification of greenhouse gas emission from different sectors 
within Kadungallur Grama Panchayath included in Kochi urban agglomeration area. 
GHG emission map for industrial sector, household sector and transportation sector 
were prepared by attaching the emission data to the coordinates of their sources in GIS 
environment. Potential areas of GHG emissions are identified and reduction strategies 
are proposed as well. Data were collected by direct survey of sources. The simplest 
representation of the methodology used for estimating particular GHG emission 
from each source category is by multiplying activity data for a source category with 
the respective emission factor to obtain emissions from that source category for a 
specific gas. Emission factor is a number indicating amount of GHG produced per 
unit activity. In the present study, specific emission factors obtained from Central 
Pollution Control Board (CPCB) are used for the calculation. For the fuels which 
are having no country specific emission factors available, DEFRA’s (Department for 
Environment, Food & Rural Affairs, UK) table and IPCC (Intergovernmental Panel on 
Climate Change) emission factor data base are used. 

The GHG emission map of the household sector is prepared. The results show that 
maximum emission is from the ward East Kadungallur west and the same is quantified 
as 1623298 kg CO2eq/year. The main road stretch connecting the Panchayath and 
Aluva town is passing through this ward. Due to its accessibility, population density 
is higher and hence emission is also higher. The ward with minimum emission is 
Kayantikkara. A histogram showing contribution of different fuels in total emission 
from highest emission ward is also prepared which shows that, electricity is the 
largest contributor (82%) where as the Kerosene is the smallest contributor (2%) to 
emission from the household sector. Among industries, Binani Zinc Ltd. was the 
major source of emission, due to increased use of fuel oil. Use of CNG is found to be 
efficient in reducing GHG emission. For transportation sector, dependency on diesel 
fuels causes increased emission

Development of GreenHouse Gas emission database 
for planning local climatic action – A Case Study

anaswara C.s.1, shibu K.2

1PG Student, 2Assistant Professor, Department of Civil Engineering,  
College of Engineering Trivandrum 695 012.
anaswara0809@gmail.com shibukrishnanp@gmail.com
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Leaf litter that contributes to a large portion of Municipal Solid Waste (MSW), has 
an abundant potential to produce biogas. Cities in high rainfall areas such as Kerala 
have large tree population and their leaf litter management, especially for lignified 
leaves needs sustainable alternatives. Leaf litter from lignified tree leaves pose a 
difficult problem as they are usually burnt at site, thereby both its energy as well 
as humus potentials are lost. Anaerobic digestion allows capture of both these 
potential and thereby promotes sustainable leaf litter management within the ambit 
of MSWM. The complex chemical structure and also the presence of a wax layer 
on its surface prevents the microbes and their enzymes to access the cellulose and 
hemicelluloses enveloped within lignin or wax. The objective of this study was to 
examine if removal of the wax layer on tough leaf surfaces aided anaerobic digestion 
leading to sustainable leaf litter management in urban environments. 

In the present study, two forms of pre-treatments were attempted to remove the wax 
layer from leaf surfaces before being subjected to anaerobic digestion. The methods 
attempted were, i. mechanical scraping of fresh leaves and ii. chemical dissolution 
of the wax layer with diethyl ether. Following removal of wax layer, biological 
methane potential (BMP) assay was carried out to determine the gas production 
potential against appropriate untreated controls. Pre-treatment increased net rates 
of gas production. Maximum gas was achieved in chemically pre-treated leaves 
of Artocarpus heterophyllus (260 ml/g TS, day 30), as compared to 176 ml/g TS in 
untreated leaf as control. Chemically pre-treated leaves of Saraca asoca gave 108 
ml/g TS as against 60 ml/g TS in untreated leaves, showing an 80% increase in gas 
production. There was a marked 52% increase in gas production (142 Vs 93 ml/g TS-
Ether extracted Vs untreated leaves) in Cassia fistula. The mechanical pre-treatment 
also yielded distinguishable results. Artocarpus heterophyllus gave maximum gas 
production even for mechanical pre-treatment (282 Vs 185 ml/g TS- scraped Vs 
unscraped leaves). Such a large BMP was not observed for Cassia fistula (73 Vs 52 
ml/g TS- scraped Vs unscraped leaves). This research showed that while wax layer 
(cuticle) on the leaf surface can be a hindrance to the process of anaerobic digestion, 
leading to increased retention time during leaf litter processing, its occurrence and 
importance could be quite different among various types of leaves. Among such 
leaves, it is suspected that in addition to wax, lignin and other recalcitrant molecules 
are responsible for lowered gas production.

Effect of Leaf Wax Cuticle on the 
Anaerobi Digestion of Leaf Litter'

hasika suresh, hoysall n Chanakya* and sreesha malayil
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The National Five Year Plan’s have given Housing a priority from the 1950’s which 
directs the states to formulate policies in accordance with national agenda. Since 
Rajiv Awaz Yojana (RAY) has been subsumed by Pradhan Mantri Awaz Yojana 
(PMAY), the need for a Post Occupancy Evaluation(POE) study of RAY is established. 
The aim of study is to understand the outcome of RAY in Kerala, through POE. The 
study intends to comprehend the issues arising during implementation at beneficiary 
and technical level. The satisfaction level at beneficiary side is quantified to analyze 
the outcome of RAY at the colony. The Trivandrum Corporation has identified 161 
slums listed under RAY scheme. The important slum that required immediate 
intervention was selected for pilot project. Mathipuram colony satisfied 10 out of 11 
criteria specified for definition of slum.

The economic aspect was seen constant for all households despite the fact that 53% 
remain above poverty line and 43% remain below poverty line, as the community 
exhibits a homogeneous characteristic with variables of income, expenditure, 
occupation and lifestyle. The physical aspect took account of quality, design, comfort 
of RAY buildings to beneficiary group. 76% of the residents were unsatisfied with the 
building layout and spatial arrangement. The infrastructural aspect analyzed quality 
of basic physical utilities like water, electricity and other services provided to the 
beneficiary group at the time of commencement of stay and at present. Accessibility, 
sanitation and proximity to social infrastructure were also studied. The analysis 
showed that the beneficiary satisfaction levels were above average in the case of 
electric power supply and access to buildings. However, the water supply scores 
average and sanitation facilities scores very below average levels. The socio-cultural 
aspect analyzed the community facilities, open spaces and social relationships 
between beneficiaries and whether the project has an impact on these areas. There 
is a change in solid-void ratio within, indicating a reduced congestion levels.Though 
there is a better solid-void ratio the area lacks public open spaces, both in quantity 
and proximity. A major share of available open space abuts the harbour, which cannot 
be used for recreational activities. Considering the results of all the analysis done it 
can be concluded that the overall satisfaction level of the project is below average. 

Post Occupancy Evaluation of Rajiv Awaz Yojana At 
Mathipuram Colony, Vizhinjam, Thiruvananthapuram
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Waste water from kitchen, food processing industries, meat industries, restaurants 
contain lipid rich substances like fat oil and grease (FOG). Presence of FOG in the 
waste water leads to various problems in sewage systems like clogging of pipes 
causing disturbances in sewage flow through the drains, scum formation and sludge 
flotation caused by adsorption of the lipid layer around the microbial surfaces 
as well as adherence to pipes and drain walls. Earlier, FOG was mechanically 
removed  and treated by subjecting it to landfill and composting. However, land 
filling of FOG is now being restricted because of its adverse effects on environment. 
Composting of FOG is another feasible option but its high moisture content makes 
it unsuitable for handling during composting. Anaerobic digestion will thus be the 
most suitable option as it allows it to treat wet substrates along with dry substrates 
such as agricultural residues, organic fraction of municipal solid waste, waste from 
food processing industries to generate biogas (methane and carbon dioxide) that can 
be used for cooking, converted to electricity etc. In this paper, enzymatic method 
of pre-treatment has been employed to study the effect of pre-treatment on FOG. 
FOG was subjected to different concentrations and treatment periods (6, 12, 18 and 
24hrs) of lipase enzymes and ‘Gelzyme’. The optimum concentration of lipase and 
Gelzyme and treatment time required for biogas production was determined. Also 
comparative studies were made between lipase and Gelzyme treatment methods to 
determine the efficient treatment method for pre-treating FOG. 

Study showed that onsite treatment by subjecting it to anaerobic digestion (AD) 
is ideal, however, the lipid (including long chain fatty acids- LCFA) pose threats 
during anaerobic digestion like inhibiting methanogenic and acidogenic bacteria, 
which in turn leads to reduction in gas production. Pre-treatment methods and co-
digestion can help reduce the inhibitions caused by LCFA. When FOG from typical 
kitchens was subjected to enzymatic treatment with lipase and Gelzyme for different 
incubation periods, significant increase in biogas was observed. It was observed that 
when 0.125 g/g FOG was treated with 0.125 g/g lipase for 24hrs, it gave the highest 
biogas yield (1.15m3/g TS), while 0.125g/g FOG treated with 0.125g/g ‘Gelzyme’ for 
24hrs gave 0.8m3/g TS. The lowest gas yields were seen for 1g/g FOG treated for 
24hrs in both lipase and Gelzyme. Lipase pre-treatment degraded FOG at higher rates 
giving more biogas.

Effect of Enzymatic Pre-treatment of Fat, Oil and 
Grease on Biogas Production

roopa ashwath, hoysall n Chanakya* and sreesha malayil
Centre for Sustainable technologies (formerly ASTRA),  
Indian Institute of Science, Bengaluru 560012, India
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Papaya (Carica papaya L.) is gaining importance as a fruit tree due to yearlong 
availability of fruits. Being a dioecious plant, the propagation by seeds of Papaya 
entails a lot of variability. Hence the seed based propagation yielding seedlings of 
unpredictable sex result in wastage of inputs. Also, the need to replant once every 
three years to ensure quality yield, necessitate replacing seedling progeny with tissue 
culture propagules developed from female or bisexual plants. Propagation studies 
were carried out by enhanced release of axillary buds in Papaya, variety Pusa Nanha, 
a dwarf variety most suitable for urban areas, as dwarf varieties help harvesting of 
fruits easer. Apical buds and lateral buds from seedlings and mature plants were 
used as explant for in vitro propagation. For surface sterilization apical buds were 
treated with mercuric chloride (0.08 per cent) for 10 minutes and lateral buds for 12 
minutes, with intermittent shaking. Explants from papaya were subjected to different 
treatments of plant growth substances for culture establishment, which is helpful 
for conditioning the explant and for stimulating its initial growth. For standardizing 
a suitable hormone combination for better culture establishment, experimentation 
using BA, Kinetin and NAA at differing concentrations were performed. Observations 
were recorded on the number of surviving cultures (percentage), number of cultures 
showing initial growth, number of days for bud initiation and number of buds per 
culture, after four weeks of culturing in the establishment media. The number of 
cultures survived (in percentage), number of shoots per culture and length of the 
longest shoot and abnormalities in shoot growth if any, were recorded after six weeks 
of culturing in the shoot proliferation media. The cultures were exposed to light 
(3000 lux, 16 hours photoperiod) or kept under darkness in order to assess the effect 
of light on multiple shoot proliferation. 

The results revealed that MS medium (full strength) produced highest shoot 
proliferation rate, better survival of plantlets in papaya variety Pusa Nanha. Among 
the different plant growth substances used in the establishment medium, the earliest 
bud break appeared with the application of BA 3.00 mg l-1 along with NAA 0.01 
mg l-1 and highest bud initiation was recorded from BA 0.50 mg l-1 along with NAA 
0.10 mg l-1. Highest shoot number and longest shoot in papaya was reported from 
agar 6.50 g l-1. Application of BA 0.50 mg l-1 along with NAA 0.10 mgl-1 was found 
to be better for shoot proliferation in papaya. Cultures kept under light produced 
maximum number of shoots and increased shoot length.

Standardiation of Tissue Culture Protocol of Dwarf 
Papaya (Carica papaya) var. Pusa Nanha Suited to 
Urban Areas
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Mushroom cultivation not only generates income but also is helpful in managing 
millions of tons of lignocellulose rich agricultural waste. Lentinula edodes, 
commonly known as Shiitake mushroom a Basidiomycete fungus (Order: Agaricales 
and Family: Tricholomataceae), is the second most important edible medicinal 
mushroom worldwide and has delicious flavor, great nutritional value (i.e., high 
content of proteins, fibers, vitamins, minerals and low content of lipid specifically 
cholesterol) and immunity enhancing components. The study evaluates growth 
and yield of Shiitake mushroom in Kerala. Teakwood (Tectona grandis) derived 
sawdust (and a variety of combination) supplemented by agricultural wastes such 
as paddy straw were screened for selecting of best substrate for the cultivation in 
bags. Moisture level was kept at 60 to 65%. Substrate was supplemented with starch 
based components like wheat bran and rice bran @ 10% and 20% each to serve as 
major nutrients for maximum mycelial growth. 2% calcium carbonate was added 
to maintain pH of the substrate at 6.0. After mixing, the 500 gm. each of substrate 
was placed in polypropylene bags. Three replications were maintained for each 
treatment. The bags were sterilized at 121 oC and 15 lbs pressure for two hours. 
After cooling, the pasteurized substrates were inoculated aseptically on the surface 
with freshly prepared spawn at the rate of 5 percent and then incubated in room at 
a relative humidity of 80-85% at 25 oC. After 90 days of complete spawn run, bags 
were allowed to turn brown and were removed only after complete browning and 
bump formation. A coldwater treatment was given by dipping them in chilled water 
and incubated at 16-18 oC and 85- 95% relative humidity. The time taken for spawn 
run and pinhead initiation were recorded. Biological efficiency was calculated using 
the standard procedures. 

Highest yield (325 gram) occurred in teakwood sawdust (80 per cent) supplemented 
with 20 per cent wheat bran, followed by mixed sawdust of hardwood trees (296 
gram). The shortest duration of 93 days to primodial initiation was on teakwood 
sawdust. Paddy straw substrate gave lowest number of fruiting bodies and also 
took longest time for primodial initiation. Twenty percent supplementation of 
wheat bran was the best among supplements tried. Maximum number of fruiting 
bodies developed in teakwood sawdust supplemented with 20 percent wheat bran. 
Utilization of the agro-wastes for the production of shiitake mushrooms could be 
more economically and ecologically practical.

Japanese Oak Mushroom / Shiitake (Lentinula edodes) 
for Urban Cultivation in Kerala

dr. deepa rani C.v*, dr. lulu das and dr. susha s. thara
*Farm Manager, AICRP Mushrooms, Department of Plant Pathology
College	of	Agriculture,	Vellayani,	Thiruvananthapuram
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Due to urbanisation there is a deficit between the food required for wellbeing and 
availability. Urban areas with shortage of space for agriculture, methods to utilise 
the available space for cultivating food crops such as mushroom cultivation, are 
gaining attraction. Evidently mushrooms are a rich source of proteins, vitamins, 
minerals and amino acids. This enterprise utilises minimum space for generating 
profits and nutrition security. Calocybe indica popularly known as milky mushroom 
is a tropical mushroom which converts the lignocellulosic agro wastes into protein 
rich foods. This mushroom with high protein and fibre content is suitable for urban 
agriculture. Means of enhancing the biological efficiency of milky mushroom by 
modifying the casing materials is explored in the present study. The mushroom was 
collected, isolated and maintained on PDA slants in laboratory and was inoculated 
in paddy grain for preparation of mother spawn. Cooked grains after mixing with 
calcium carbonate at the rate of 50-60 g kg-1 seed is filled in Glucose drip bottles. The 
filled bottles were sterilised at 1.02 kg cm-2 pressure for two hours in an autoclave. 
The mycelial bits from seven day long actively growing pure culture of Calocybe 
sp., were inoculated aseptically and incubated at room temperature (28 ± 2oC). 
Three replications were maintained and mycelial growth of fungi were measured 
and recorded. This spawn retained as mother spawn, was used for further spawn 
production and also to raise beds. Spent mushroom substrate (after cultivation of 
Pleurotus), was sterilised by solarisation before use as the substrate for cultivation 
of Calocybe.Various combinations of casing material were tried to modify casing 
to improve yield of milky mushrooms. The spawned beds were incubated at 80% 
relative humidity for 21 days. The beds were prepared with solarised spent 
mushroom substrate supplemented with rice bran (4 %). 

The yield was higher in control than the other treatments. The bed cased with 
sand, soil and calcium carbonate mixture gave 663.12 g of mushroom, followed 
by beds cased with vermicompost soil mixture (272.99 g) and those with 
coirpith soil mixture as casing material with 62.52 g.The biological efficiency 
is highest in control treatment with 66.31 per cent followed by vermicompost 
soil mixture cased beds (27.29 %).In clay soil mixture cased beds there was no 
sporophore yield hence had 0% biological efficiency. 

Enhancing Biological Efficiency of Milky Mushrooms 
(Calocybe Indica P. & C.) for Food Security
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Hygienic disposal of solid organic waste (SOW) by composting is an environmentally 
sound and economically viable technology in that it produces organic manure for 
use in organic cultivation. Degradation of SOW (kitchen + food waste) can be 
carried out efficiently sans any foul smell by using KAU’s ‘composting inoculum’ (a 
talc based formulation of microbial consortia capable of degrading organic waste). 
Other advantages of the inoculum are resistance to pH, temperature etc and safety 
from foraging by pests and rodents. Krishi Vigyan Kendra, Kollam conducted a 
frontline demonstration of ‘Disposal of biodegradable waste in urban and semi urban 
areas by a composting inoculum’ to popularize an effective SOW disposal system 
in urban-suburban homes, Kollam district. The frontline demonstration focused 
on composting home generated SOW. As part of this program we carried out 25 
frontline demonstrations in the homes of Kollam City Corporation (Mundakkal east, 
Uliyankovil and Pattathanam wards) and Kottarakkara and Kottiyam overseen by 
KVK scientists. Pre-implementation trainings and technology demonstrations were 
conducted to scale up the citizen’s understanding and skill. 

The first step for composting is segregating the waste to make SOW for composting. 
Then SOW is placed over a layer of 2.5 to 3.0 cm thick coir or coir pith, placed 
in weep-holes-sealed-cement-garden pot (height=60.0 cm, diagonal width=60.0 
cm) and covered with a lid. SOW of each day is spread above coir/pith layer daily, 
followed by adding 5-10 g of inoculums per ~1.0 kg of waste. The stock in the pot 
is thoroughly stirred and the black powder (supplied with composting inoculums) 
is sprinkled over the waste for managing moisture. Top of the pot is kept covered 
with lid - a flat tile or wooden plank. The process went on until the pot was full. 
Occasional mixing of the contents was done using a rod. During demonstrations, 
duration for full composting took an average of 73 days for a garden pot full waste 
of 34.78 kg yielding 6.93kg compost. Beneficiary-citizens opined that the technology 
was easy, cheap and highly suitable to urban and semi urban homes and without any 
foul smell and compost was used in flat roof top vegetable gardens. 

The Department of Agriculture, Kerala included this technology under district 
specific activity of ATMA, through 100 demonstration units distributed to households 
of Kollam Corporation area.

Frontline demonstration of Decentralized Management 
of Biodegradable Kitchen Waste using ‘KAU’s 
Composting Inoculum’ in Urban and semi urban 
Homes, Kollam district, Kerala.

poornima yadav p.i., manu C.r., noble abraham and  
dr. meenakumari K.s*
Krishi	Vigyan	Kendra,	Kollam,	Kerala	Agricultural	University,	 
Sadanandapuram P O, Kottarakara,Kollam, Kerala-691531, India 
*Department	of	Microbiology,	College	of	Agriculture,	Vellayani
poornimayadavpi@gmail.com



133 CED  & EMC

Kerala Environment Congress 2016 Thiruvananthapuram

With increasing traffic demand, coupled with burgeoning growth of motor vehicles 
on road, problems related to traffic congestion, road accidents, and environmental 
pollution have increased significantly. Hence, a shift from private modes of 
conveyance to public transport has become need of the hour in order to control the 
growing traffic. Introduction of appropriate and efficient Mass Rapid Transit (MRT) 
systems help in mitigating the above stated issues to a great extent, and ensuring 
the transport mobility of people in a better way. In this paper, an attempt has been 
made to identify the possible MRT systems that can be adopted for sustainable urban 
transport in Thiruvananthapuram City

For compiling necessary data inputs for the study, extensive traffic studies were 
carried out. Some of the major existing traffic and travel characteristics of the City 
are: i) Speed and delay - average journey speed on the major travel corridors is 25 
kmph, ii) Traffic flows at screen line locations - Uppidamoodu and Overbridge ROB 
had the highest traffic volume of 63,000 each during the 16 hour period between 
6.00 AM and 10.00 PM, followed by 47,000 PCU at Karamana Bridge, 40,000 PCU at 
Thampanoor ROB and 37,000 PCU at Petta ROB, iii) Occupancy- Average peak hour 
occupancy of bus was found out to be 41, that of car 2.03, auto 1.60 and two wheeler 
1.22, iv) Traffic flows at Outer cordon locations - Out of 1.78 lakh vehicles traffic 
through the 19 outer cordon locations, two locations on NH 66 and two locations on 
SHs together accounted for more than 44% of the total vehicular traffic and v) Traffic 
flow at intersections - Out of the 56 major intersections in the study area, the highest 
volume of peak hour movement was observed at Pattom Jn. An urban transport 
model was developed for the city area (which was further divided into several zones) 
for replicating the existing transport scenario, and forecasting the travel demand in 
the planning period. The model was built using the state of art software – CUBE. The 
model follows the standard four-step modelling which includes: 1) Trip Generation 
for estimating number of trips originating from and destining in each zone, 2) Trip 
Distribution for attaching the origins and destinations for each trip between zones, 
3) Mode Choice for determining the mode of travel for each trip, and 4) Traffic 
Assignment for establishing routes and transit networks. The four-step modelling 
process depends on household data and reliable Origin-Destination (O-D) database 
besides other survey results. A multi-modal transportation system would ensure the 
use of MRT system to its best potential in the City.

Sustainable Urban Transit system for  
Thiruvanathapuram city, Kerala
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Intake of nutritious food by urban population is affected by several factors such 
as busy urban lifestyle, lack of space to produce food stuff, shrinking of farmland, 
shortage of shopping time, lack of fresh produce, contamination by toxic and 
hazardous chemicals as well as change in traditional menu and meal patterns. In this 
backdrop, demand for outside food (viz., ready to eat food in street side stalls, fast 
food, convenient food and restaurant food) of a wide variety, taste and convenience, 
but not necessarily of high nutrition value, has been on the rise. Consequently, food 
safety, nutrition, health and wellness of population are alarmingly rising as a matter 
of concern among the urbanites. Kerala’s urban sector is no exception. One of the 
drawbacks of fast life style of urbanites is lack of access to nutritious and garden 
fresh fruits and vegetables, free of chemical and pesticide contamination. The rise 
in supply, access and affordability to ready made food of high calorific value (for 
e.g., processed foods with high fat and sugar content) are drivers of rising obesity 
and life style diseases among the population. Of late Government policies also 
encourage people to adapt more organic and safe food production. KVK has initiated 
demonstration of nutritional garden in urban and peri urban area in a scientific line 
with emphasis on Good Agricultural Practices (GAP) and the impact is analysed 
through this study. 

The study was conducted in urban and peri -urban outskirts of Thiruvanthapuram 
district. Fifty families were selected by purposive sampling method. Nutrition 
garden at the premises of household and rooftop were established for meeting all 
the specified requirements. Data regarding dietary habits, food preferences and food 
consumption pattern of fruits and vegetables, eating habits were collected with a 
structured questionnaire. Fruits and vegetable intake before and after establishing 
nutrition garden was recorded with diet survey. Adult Consumption Unit (ACU) of 
ICMR as a benchmark, impact of consumption of garden fruits and vegetables was 
assessed by monitoring the quantity of fruit and vegetable consumption before and 
after the intervention by nutrition garden produce. In the Pre-nutrition garden phase, 
70% of the families consumed fruits and vegetables on daily basis, 16% consumed 
on alternate days, 8% twice a week and 6% once a week. But in Post-nutrition garden 
phase, the frequency of consumption of fruits and vegetables rose to 100% daily. 
There was a significant downtrend in frequency of consumption of ready to eat food 
from outside after the establishment of nutrition gardens. 

Impact of Nutrition Garden on Fruits and Vegetable 
intake of Urban and Periurban population of 
Thiruvanathapuram District
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The urban landscape transformation is an indicator of heterogeneity of urbanscape, 
as well as the process of human actions. The spatial and temporal changes of 
urbanscape can be systematically mapped, inventoried, monitored and precisely 
assessed from satellite  remote sensing data along with conventional ground data 
(Saravanan and Ilankovan, 2010). Satellite Remote Sensing, “an inexpensive” 
means of extracting land-use and land-cover data, enabling effective inventory and 
monitoring of land-use change, in combination with GIS technology amplified the 
scope of change detection research through time and space. Since maps are available 
in digital format, correlating various layers of data of a feature in satellite imagery, 
planning maps and revenue maps are quick and efficient with image processing 
software (e.g., ERDAS). The study reported in the following was implemented in 
an area (AOI) between Kinfra Park and Vizhinjam (E Long, 750 24’ 38’’ and 760 59’ 
29’’ and N. Lat. 80 22’ 45’’ and 120 6’ 77’’), Trivandrum Dist., Kerala. Kinfra Park 
established in the FY 1992-93, is connected to the NH47, the Salem – Kanyakumari 
highway. The Trivandrum International Airport, the Veli Kayal and the Vellayani 
Kayal are part of the AOI. The climate is tropical and the temperature here averages 
at 26.9 °C, while average annual rainfall is 1624 mm. 

NDVI (Normalized Difference Vegetation Index) is used for landuse change analysis. 
Data input source were Multi temporal satellite data of Landsat 7 (ETM+ SLC on) 
and Landsat 8 (OLI/TIRS), Google Earth scenes and SOI Topo-sheets. The chief land 
use/land cover classes in the AOI are water body, paddy field, settlement, plantation, 
quarry and airport. The chief land use type in the AOI is settlement and vegetation. 

The comparison of spatial change between 2000- 2015 showed drastic shift in 
landuse. For e.g., an important change is an increase in the vegetation cover, 
alongside a slight increase in the area under cultivation in 2015. As for built up area, 
a huge increase is observed for the queried 15 years. However, the area of the airport 
remained nearly the same but for minor changes. Unequivocally, land cover mapping 
is a process of basic inventory of land resources throughout the world (Singh et al., 
2011). A land use matrix created as part of the study, brought to the fore the changes, 
which involved intersecting the two images after implementing an unsupervised 
classification. This step identified the feature that underwent maximum change and 
vice versa. 

Temporal Changes in Urban Landuse over  
KINFRA and Vizhinjam, Thiruvananthapuram City
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Though pet dogs are trendy, fashionable and treated as guardians by citizens and 
especially in the post globalisation era, and the fact that canine pets are definitive 
hosts of a number of zoonotic parasites, has been widely accepted and studied as 
an important public health problem worldwide and particulalrly in developing 
countries and communities that are socio-economically disadvantaged (Craig et. 
al., 2000). In such communities, poor hygiene, overcrowding, lack of veterinary 
services and zoonotic awareness, exacerbates the risk of canine disease transmission 
(Hinz et. al., 1980 and Malgor et. al., 1996). Among the intestinal parasites, Toxocara 
spp. and Ancylostoma spp., have received great attention due to their zoonotic 
potential (Blagburn et al., 1996) and are diagnosed by different techniques such as 
the commonest being the faecal flotation method. As the spurt in stray dog menace 
became part of the daily news in the media in Kerala, we tookup this study to throw 
light on the gastro-intestinal parasitism in pet dogs and potential zoonotic health risk 
to the dog owning families in north Kerala. Samples constituted the faecal material 
(collected from rectum with a sterile swab) of 208 dogs presented to the Teaching 
Veterinary Clinical Complex, Pookode with clinical signs suggestive of gastro 
intestinal disorders like anorexia, vomiting, diarrhoea and rough hair coat during the 
2 years between August, 2013 to Auguast 2015. Samples wer processed and analysed 
following standard practices and procedures to determine the parasitic egg load.

Among the screened 208 samples, 51 (24.52%) turned positive for parasitic infestation. 
Most of the canine intestinal parasites identified in this study are cosmopolitan in 
their distribution, but the prevalence of each species and its involvement in human 
infection varies from one region to another as a function of climate, cultural habits, 
diagnostic resources, and level of notification. It is clear from this study that many 
canine pet lovers/owners are unaware of the zoonotic parasites carried by their 
pets or the mode of transmission to humans. The chances of transmission of these 
parasites to the humans could be prevented largely by a deworming schedule and 
management practices. Obviously there is a complelling need for an awareness 
campaign among the citizens to adopt a deworming schedule for the pets. Special 
emphasis on monsoon pet care preparations must be taken to the midst of society 
especially in the Monsoon season as the chances of infection by Ancylostomosis 
are aplenty. Local and state Government authorities need to undertake strategies to 
enhance the awareness on pet transmitted infections and diseases.

An Epidemiological Study of Gastro-Intestinal 
Parasitism in Tamed Dogs and Its Zoonotic 
Importance in Urban Northern Kerala 
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Recent news reports in the media are only a subdued pointer of the canine threat/ 
attack on the unwary public of all chronologic ages. Though the number of stray dog 
bite/attack victims is on the rise daily, yet the preventive measures put in place are far 
from satisfactory for any modern society. Absence of modern solid waste management 
system in the urban sector of Kerala is perhaps the single most important factor for 
the steadily growing canine population. Thus, a limitless SD population co-exists in 
close proximity to densely populated urbanscape of Kerala, enhancing the potential 
of incidence or exposure of citizens to zoonotic diseases –gastro intestinal parasites 
infesting humans. Faecal samples for this SD screening were extracted from 100 stray 
dogs with the help of local SPCA Centre, from the urban areas of Wayanad district 
during 2015-2016. The faecal samples were collected and examined by qualitative 
methods as per standard protocol. Both direct smear and flotation method (Urquhart, 
et. al., 1996) were followed in screening the samples. Modified McMaster Counting 
technique (after Soulsby, et. al. , 1986; and Tibor, 1999) was followed in determining 
the parasitic-egg-load of samples.

Out of the 100 samples screened, 62 samples were found positive for parasitic 
infestation. Single (70.96%) and mixed (29.03%) parasitic infestation were observed 
in the samples. Out of the single parasite infected samples, Ancylostoma caninum, 
(22.72%), Toxocara spp., (27.77%), Coccidial oocyst, (20.45%), Dipylidium caninum, 
(6.81%0 Diphyllobothrium, (4.54%), Spirocerca lupi, (11.36%) and Trichuris spp., ova 
(6.81%) were detected. But in the mixed parasite infected ones, combined infestation 
by Ancylostoma caninum and Coccidial oocyst; Ancylostoma caninum and Trichuris 
spp.; Toxocara spp. and Coccidial oocyst; Toxocara spp. and Spirocerca lupi; Toxocara 
spp. and Trichuris spp. were detected at the rate of 27.77%, 16.66%, 33.33%, 11.11% 
and 11.11% respectively. And Toxocara spp. and Ancylostoma caninum do have high 
zoonotic potential. These results amply showed major contributions to the gastro 
intestinal parasitism by the Toxocara spp. followed by Ancylostoma caninum. It 
is inferred from the present study that single parasitic infection was higher while 
mixed parasitic infection with 2 parasites was comparatively lower and is an eye 
opener not only to stray dog attack, but also to the gastro intestinal parasitism and 
its zoonotic role in the urbanscape of Kerala. Hence measures are urgently needed to 
tackle this dual trouble of SWM and scavenging by SD. 

Gastro-Intestinal Parasitism in Stray Dogs
and it’s Zoonotic Importance in the  
Urban Areas of Wayanad, Kerala
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The Kochi Corporation (area =94.88 km2 ) is the most densely populated corporation 
in the state (population= 21, 17,990;  India Census 2011). Industrialization and other 
developments in Cochin and surrounding area resulted in rapid population growth 
which increased the demand for clean water, energy etc. Water shortage is becoming 
a serious issue in Kochi due to increase in population that resulted from urbanization 
and mismanagement of naturally available water resources. Present study aims to 
find out the total rooftop top area of Kochi Corporation using Remote Sensing and 
GIS technology and to analyse the rainwater harvesting potential in these rooftops. 
Remote Sensing and GIS tools have been used for the processing of digital images 
and preparation of thematic maps. High resolution satellite data, IRS P6 LISS IV 
sensor data with 5.8m spatial resolution was used in this study. This data has been 
acquired on 16 February 2015 and has been procured from the National Remote 
Sensing Centre (NRSC), Hyderabad. After creating the feature classes, the features 
are vectorised using the editing tools in ArcMap interface of ArcGIS software. ERDAS 
Imagine 9.1 software was used for all the satellite data processing. The accuracy of 
classified images created from the unsupervised classification was assessed using 
the accuracy assessment tool in ERDAS Imagine. Total number of sample points used 
for accuracy assessment was 100. The roof top area was calculated by extracting the 
same through vectorization on pixel basis from multispectral Resourcesat image. 

Seven different land use classes were identified and mapped through unsupervised 
classification. The rooftop area comprised altogether 17560 polygons in Kochi 
corporation region. Total area of rooftops was calculated to be 10002036.68 m2. 
Roof top area in each ward was calculated separately. Annual average rainfall is 
approximately 3000 mm. Most of the rooftops were of concrete. Total rainwater that 
would be collected from rooftops was calculated to be 21004 million litres. If we do 
not harness available sources of water and use them judiciously with proper care 
the problem of water scarcity is going to be serious. It is necessary to opt for various 
water harvesting measures. Roof top Rainwater harvesting is an efficient way to meet 
the clean water needs of Kochi.

Rooftop Rainwater Harvesting Potential of Kochi 
Corporation, Kerala: A GIS Based Study
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Water pollution is a serious problem in India, as ~ 70% of its surface water resources 
and a growing percentage of its groundwater reserves are contaminated by biological, 
toxic, organic, and inorganic pollutants (Rao and Mamatha, 2004). Urbanization and 
population growth are the major drivers of water quality deterioration. Ashtamudi 
lake (AL), Kollam District, Kerala is one of the deeper wetland ecosystems. Backshore 
of Ashtamudi lake is home to thousands of people Kollam District. Presently AL is 
facing a host threats like, urban sewage pollution, pesticide and herbicide effluents, 
sand mining, encroachments, reclamation, and loss of mangroves. The lake also 
receives effluents from various industries like China clay mining, ceramic industries, 
KMML, coir retting etc. (Sachin et al., 2013; Sitaram, 2014). We report here the 
impact of domestic sewage, agricultural activity and industrial effluents on the water 
quality of AL.

The sampling, after the guideline of Central Pollution Control Board (CPCB, 2007, 
2011), was during the post monsoon season (PMS) of 2015. Various physical, chemical 
and biological quality parameters such as pH, Temperature, Conductivity, Alkalinity, 
Total Hardness, Chloride, Sulphate, Nitrate, Nitrite, Sodium, Calcium, Magnesium, 
Phosphate, Fluoride, DO, BOD, COD and Total coliform were determined following 
the standard methods. Further, Water Quality Index (WQI) was also estimated for the 
eight sampling locations.

The temperature of samples is within the BIS limits (25.2 oC to 32 oC). Conductivity 
(BIS, limit in lakes = 2500 μs/cm), a function of abundance of dissolved ions, 
currents and temperature, of samples exceeded safe limit but was highest at Kuppana 
and attribution is to agricultural runoff and leaching of ions like chloride, phosphate 
and nitrate from sewage. Conductivity is lowest at Chavara where high volume of 
organic waste prevents the dissociation of compounds into ions. Among the water 
quality parameters, e.g., total hardness, chloride, total coliform, sodium, calcium 
and magnesium exceeded their BIS limits. Water Quality Index exceeded the limits 
in all sites but Perumon and Kuppana. From the present study, it is inferred that the 
AL water used for domestic and agricultural use needs pre-treatment to ensure safe 
levels of water quality parameters (viz., dissolved solids, dissolved oxygen, chemical 
oxygen demand, alkalinity, iron, and sulphate).

Water Quality of Ashtamudi Lake: A Tropical Estuary in 
Southwest India
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Water, one of the most important life sustaining natural resources of any country, is an 
essential input for economic development and growth in sectors such as agriculture, 
industry or domestic tasks. Many of our rivers are threatened by consequences of 
anthropogenic actions, such as pollution, wet land reclamation, and sand mining 
caused deepening of river channels. Most of the industries are located alongside 
thickly populated cities and towns on river shores. Pollution level in some of the 
sites is far above permissible limits. In early days, water was primarily used for 
domestic needs like drinking, washing, bathing, cooking etc. But due to industrial 
and urban development, requirement of water needs have increased manifold along 
with domestic purpose. Karamana River (KR), a major river fowing through and 
draining Thiruvananthapuram City, orginates in the Western Ghats, and drains into 
the Lakshadweep Sea. KR is the primary source of drinking water to the city. A major 
tributary of KR is the Killiyar to its north joins the KR at Pallathukadavu - up stream of 
Thiruvallom. Both rivers carry large quantities of raw sewage discharged by the city 
drains. The heavily-polluted Parvathy Puthanar also joins the KR at Munnattumukku 
near the Poonthura coastal village. This study deals with the environmental feasibility 
for construction of a check dam (CD) at Kalady downstream of Karamana bridge to 
control the pollution. Methodology adopted included field visits, detailed inspection 
of four kadavus, investigation of possible positive and negative impacts of CD when 
put in place and suggestions to improve the quality of water.

The proposed site of CD is roughly 350 m downstream of Karamana NH road Bridge, 
at Dhobi Ghat Kadavu. The positive aspects of CD are: i) prevents upstream migration 
of sewage contaminated water, ii) provides sufficient water to Kancheepuram temple 
kadavu, Ganapathycoil kadavu, Arattu kadavu and Dhobi ghat kadavu, iii) enhances 
recharge of aquifers in the surrounding area and iv) promotes tourism and healthy 
ecology. The negative impacts of CD are: i) hindrance to through river navigation 
by boats and canoes to the upstream and ii) stagnation of water and accumulation 
of contaminants in the reservoir created by CD. After weighing the pros and cons, 
the study concludes that a CD at Kalady is very useful in the long run. Study also 
proposes providing a battery of comfort stations, pay and use washing/drying 
machines, stoppage of discharge of waste water and creating a sense of public 
ownership among the residents, which would further improve the quality of general 
riverine environment. 

Study on the environmental feasibility of constructing 
a check dam at Kalady in Karamana River
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Kerala State Council for Science, Technology and Environment (KSCSTE) is an 
organization committed towards the promotion of Science, Education, Research and 
Scientific temper. 

Sharing Kerala’s constant endeavourers in supporting developmental Schemes the 
Science & Technology Programme of KSCSTE is in the process of various creative 
Schemes in the Science sector. KSCSTE is now looking at the future by providing world 
class research and implementing globally accepted quality parameters pertaining to 
the State’s overall development.

rEsEarCh avEnUEs, FEllowships & sCholarships

• Emeritus Scientist Scheme for senior Scientists

• Doctoral & Post-Doctoral Fellowships

• Fellowships in Science writing & Science Communication

• Prathibha Scholarships for Students opting Science learning

FinanCial sUpport For proJECts

• Grant for Research Projects in emerging areas of Science (SRS Scheme), Technology 
(ETP Scheme) & Environment (E&E Scheme)

• Project for School and College Students

• Individual and collaborative projects in Engineering & Environment areas

• Industry linked biotechnology Schemes

• Intensive programmes for Innovators of Rural Technology(RTP Programme) and 
Biotechnology

• SARD Scheme focusing activity specific areas

• Innovation & Technology Development(TDAP)and Patent Information Centre

promotional programmEs

• Kerala Shastra Puraskaram for eminent scientists

• Science Literature Award

• Back to Lab Programme for Women

• Vocational	skill	oriented	reinstated	training	[VSORT]
• Tech Fest, Green Corps, Eco Clubs

• Sasthra Poshini & Sasthra Bhodhini
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• Science Popularization Programme
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• National Science Day, National Technology Day, World Environmental Day, Ozone 
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KErala statE biodivErsity board (Ksbb)

Kerala State Biodiversity Board is an autonomous body of the State Government and 
come under the Kerala State Environment Department. With the Head Quarter at 
Thiruvananthapuram the Board falls under the provision of the State Biodiversity 
Act set up in 2008 and the Biodiversity Act of 2002. The KSBB is dedicated into 
conservation and protection of the agro, plant and fish diversity of the State. The 
Board is headed by a Chairman, a Member Secretary and followed by a team of 
expert Government officials, leading the Board in its all vibrant activities.

history

India is the first country to have the Biological Diversity Act and implement it in 
effective manner.  The Act was conceived in the Convention on Biological Diversity 
(CBD) which was held in 1992 and latter in 2002 the Act was passed. The Act provides 
a legal framework for conservation of biological diversity of the country, sustainable 
use of its components, fair and equitable sharing of the benefits arising out of the use 
of biological resources and generation and dissemination of knowledge.

In accordance with the provisions of Act of 2002 the State Biodiversity Board (KSBB) 
was established in 2004. And in the same year the Biodiversity Rules was also framed.

vision 

Our vision is the conservation of biodiversity and its sustainable utilization of the 
biological resources for the benefit of man kind

mission

To ensure clean air, clean water, healthy soil and safe food to mankind

activities

The major function of the State Biodiversity Board is to advise the State Government 
on any guidelines issued by the Central Government on matters relating to the 
conservation of biodiversity. SBB also advocate for sustainable use of biological 
resources and equitable sharing of the benefits arising out of the utilisation of these.

Board has the authority to grant approvals on requests for commercial utilisation or 
bio-survey and bio-utilisation of any biological resource by Indians. The Board also 
perform functions necessary to carry out the provisions of Biodiversity Act or as 
prescribed by the State Government.

address for Communication

Kerala State Biodiversity Board 
Pallimukku, Pettah P. O., Thiruvananthapuram-695 024 
Phone:0471 2740240, 2741134  Telefax:0471 2740234 
E mail: keralabiodiversity@gmail.com 
Website:www.keralabiodiversity.org
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