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Abstract
Primary energy demand in India has grown, creating a need to promote energy
efficiency in all sectors. Municipalities account for 23% of energy use inefficiency in
India, resulting predominantly from utilities pertaining to water and waste-water.
Energy consumption assessments are mostly based on audits and efficiency measures
of individual components, ignoring its correlation with spatial factors. This study
identifies factors that affect electrical energy consumption due to spatial nature of
cities.
The study was conducted with focus on ULBs of Gujarat and Maharashtra for water
and waste-water services. The study uses one-year field data from 2018. Phase one of
the research is focused on water supply. Parameters have been broadly classified
under urban development and level of services. Linear regression analysis was
performed to assess the association between parameters and consumption.
93 ULBs were sampled. Unit consumed per Kilo-litre shared negative relationship
with population density (-0.002times; α =0.004), building typology (-0.003times; α
=0.122), area served (-0.0004times; α =0.55), per-capita supplied (-0.0002times, α
=0.80). Cities with NRW <20% shared a negative and >20% shared a positive
relationship. Unit consumed per 100 metre length shared negative relationship with
population density (-2.73times; α =0.52), building typology (-1.98times; α =0.88) but
shared a positive relationship with area served (+6.43times; α =0.07), per-capita
supplied (+8.61times; α =0.11), population served (+0.001times; α =0.04). Cities with
NRW <20% shared a negative and >20% shared a positive relationship.
To conclude, larger (>40Km2), denser cities (75–25 person/hectare) with higher
population and higher share of high-rise consume lesser unit per Kilo-litre water
supplied, compared to mid-sized (<10Km2) and mid-dense (>25 person/Hectare)
cities. Unit consumption is higher with decreasing per-capita water supplied. The
study suggests, economy of density and economy of scale are driving principles to
optimise unit cost of electrical energy consumption spatially.

Keywords: Energy consumption, Urban, Municipal, Spatial development
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Executive summary
The study has been divided into six chapters. The first chapter identifies the need of
the study and its relevance in the field of energy and planning. It recognises the
problem with energy demand assessment for the urban sectors and the necessity for
assessment at a macro scale. The chapter elaborates on the aims of the study, the
objectives it intends to achieve, and the scope and limitations associated. The second
chapter elaborates on the research methodology and the tools applied in the study to
test the association and degree of dependency between the identified parameters. The
third chapter explains the discourses directing the study wherein literature review is
conducted to fathom the measures conceived for the assessment of energy
consumption in the urban sector and municipalities. It also discusses the relationship
between energy and spatial planning. The fourth chapter focuses on the factors
affecting energy consumption. It includes the identification and classification of
parameters adopted for the analysis. The chapter explains the hypothesis attached to
each parameter and the limitation associated. The fifth chapter explains the criteria
used for site selection and the identification of data required. The sixth chapter deals
with the assessment of energy consumption at a gross urban scale and for classified
urban development and service level parameters. Chapter seven deals with the
conclusion on the level of association and provides recommendations on the
relationship shared between spatial development and services with respect to energy
consumption.

CHAPTER 1: INTRODUCTION
While India is the third largest consumer of electrical energy in the world, it accounts
for only one-third of global average in terms of per capita consumption. With rapid
urbanization and growth in population, primary energy demand in India has grown
exponentially, creating a requirement to promote energy efficiency in all sectors.
While India has been on the path to mainstream energy efficiency, it still has miles to
go for securing its energy security objective.

Even though municipalities consume about 3 percent of the total electricity
consumption in India, it is estimated that municipalities account for 23 percent of
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energy use inefficiency in India, resulting predominantly from utilities such as water
and waste-water. These utilities spend more than 60 percent of their budget on energy
costs pertaining to services requiring pumping of water. Therefore, providing ample
scope for making municipalities energy efficient.

Though energy efficiency became the propelling theme for all sectors, the path to
efficiency often overlooked aspects of conservation and demand assessment. Energy
consumption assessments are mostly based on audits and efficiency measures of
individual components, revolving around pumps, leak management, automated
controls and monitoring of utilities. While most of the programs and policies
propagate demand-side assessment and energy consumption at a micro-scale, the
macro factors are largely ignored. This approach ignores its relationship with spatial
factors which may affect the consumption pattern of an urban centre. Thus, this study
intends to conceive a methodology to assess the empirical relationship shared between
energy consumption in municipal services and the factors affecting consumption at a
spatial scale.

Aim:
Assessing factors affecting energy demand in municipal services at a spatial scale.

Objective:
The study has been a convergence of three major objectives. The first objective is the
reviewing of the discourse driving measures to assess energy consumption in
municipal services. This has been accomplished by conducting a literature review on
measures assessing demand-side assessment of energy consumption for the urban
sector and measures conceived for the municipal services. It also looks into the
relationship between spatial planning and energy. The second objective is the
identification of parameters affecting energy consumption in municipal services for
sampled cities. This objective has been achieved by conducting literature review to
identify parameters affecting energy consumption at an urban scale. The third
objective is to assess the relationship between the identified parameters and its impact
on energy consumption. This has been achieved by exploring statistical tools, making
it possible to arrive at prescriptive understanding on the level of association and
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dependency between spatial development and alignment of services with respect to
electrical energy consumption.

Scope and Limitation:
•

The study is a part of the iNUMBER (iNtegrated Urban Model for Built
Environment Energy Research) project by CARBSE, where the work package
focuses chiefly on urban Local Bodies (ULBs) with the objective of learning,
testing and demonstration. The study is also in collaboration with PAS, where
the relevant PAS database on energy and water will be incorporated for energy
data analysis.

•

The study will be focused on water supply services as a part of phase one for
the project.

•

The area of research will broadly be focused on the states on Gujarat and
Maharashtra. Based on the PAS database, ‘data rich’ ULBs from the states
will be taken into account for the study.

CHAPTER 2: RESEARCH METHODOLOGY
The methodology is divided into five stages where each stage feeds into the next stage
while addressing the objectives simultaneously. The first objective is addressed in
stage one. The second objective is addressed in stage two, three and four. While the
third objective is addressed in stage five.

The first stage is about reviewing the discourse where literature review is conducted
to decode various documents concerned with policies and programs related to energy
in the urban sector. It looks into the manner in which this discourse has progressed to
comprehend the various energy efficiency, assessment and conservation measures that
have been designed for the urban sector and municipalities. At the same time, it looks
into the developments in the field of energy and spatial planning.

The second stage deals with identification of the parameters that will be adopted for
the study. This stage involves literature review to understand the parameters, the
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assumptions driving them with regards to energy and the limitations of each
parameter with regards to the study. The third stage deals with identification of the
sample cities. This stage charts out the steps in which the cities have to be sampled
with respect to the availability of selected data. The data required for sampling have
been chosen for ULBs which consist of networked services and contain electricity
charges data. The fourth stage charts out the data required for this study from the PAS
database. The database is divided in three parts, service level benchmarks, local action
indicators and background data-heads. Stage three and four are iterative in nature,
feeding into each other for the required sampling of cities and data-heads.

The fifth stage represents the assessment, where the identified cities will be evaluated
and the relation between electrical energy and identified parameters analysed. The
assessment is executed using two units of consumption that have been derived from
the database. These are units consumed per Kilo-litre and units consumed per 100
metres. While the analysis is done on two levels:
•

To assess the guiding principle for electrical energy consumption at the gross
urban scale.

•

Assessing variation in consumption for classified urban development and
service level parameters.

The tools helped identify the kind of association shared between the parameters, as
well as determine the level of dependency. This was achieved through the following
statistical tools:
•

Correlation: To understand the degree of association between the dependent
(Units of consumption) and independent (Parameters) variables.

•

Linear regression analysis: To predict the value of the dependent variable and
degree of dependency.

•

Variance (P-value): To determine the confidence of the relation and test the
probability.

CHAPTER 3: REVIEW OF THE DISCOURSES DIRECTING THE STUDY
This chapter contains the review of measures that have been conceived for assessment
of energy consumption in the urban sector. It investigates the acts, programs and
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policies and analyses the limitations pertaining to them. The Government of India
devised the energy conservation act in 2001 to look into conservation and demand
side management. Within this, one of the programs designed for the urban sector was
the municipal demand side management (Mu-DSM) which aimed to account for
energy conservation in municipalities. Apart from this, Ministry of urban
development’s CPHEEO manual on operation and maintenance of water supply also
focused on energy audits of the sub-systems in municipal water and waste water
utilities. To facilitate municipal energy efficient projects, the Bureau of energy
efficiency and AEEE has also jointly developed a manual for the development of
municipal EE projects targeting stakeholders like ULBs. While in the recent years, the
AMRUT scheme has been instrumental in implementation of audits which are
compulsory for grants.

The chapter also discusses the relationship between energy and spatial planning.
Through review of various literature, it has been hypothesized that the distribution
and structure of land-use, the sizing and form of urban plots and the pattern of street
network have a tangible impact on energy efficiency. The development plan of a city
directs its pattern of growth, urban form and morphology. They offer opportunities to
enhance efficiency by providing spatial solutions for minimum energy consumption.
This relationship has been acknowledged in the ‘National action plan’ under ‘National
mission on sustainable habitat’. Better urban planning to reduce energy demand is
also captured under the demand sector of buildings in the draft National Energy
Policy 2017.

The chapter observes that most of these programs are largely focused on energy audits
to understand the running efficiency of the utilities, taking into account individual
components.

CHAPTER 4: FACTORS AFFECTING ENERGY CONSUMPTION
Literature study was conducted to identify the factors that affect energy consumption
and to categorise the parameters that can be adopted for this study. According to the
report Planning energy efficient and livable cities, augmentation of certain urban
characters can reduce the energy demand by a factor of two to four. The UN-Habitat
also discusses the interaction of certain urban characteristics and how they constrain
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energy use and future pattern of growth of a city. These are broadly classified as the
physical form, the built characteristics, relation of transport corridors with population
density, and to a certain extent the pattern of spaces. Density, in terms of house-hold
and population, has a similar effect on energy, as provisioning of services and
amenities is directly proportional to it. Apart from density, climate and topography
have a tremendous consequence on the pattern of energy use in a city. Factors like
urban GDP and urban energy consumption per unit of urban land also affect the
pattern of energy use in a city. Based on this review, the factors affecting energy
consumption have been enumerated below:
•

Urban form: As a function of Land-use and urban growth

•

Urban morphology: As a function of building height and building typology

•

Demography: As a function of population density and density of households

•

Geographic factors: As a function of topography and average rainfall
distribution

•

Road network: As a function of road density

•

Services: As a function of coverage and level of services provided.

The chapter also enumerates the hypothesis and limitation concerning each of the
identified parameter which may or may not prevent it from being adopted in this
study. It further discusses the categorisation of the selected parameters adopted for the
study into two broad groups. These are:

Urban development parameters
•

Population density

•

Urban morphology (Building typology)

Service level parameters:
•

Population served

•

Area served

•

Per-capita water supplied

•

Non-revenue water

•

Source of supply (Ground source versus raw bulk purchase)

xv

The parameters will be further classified to understand the effect of variations within
these parameters and their association with energy.

CHAPTER 5: SELECTION OF SITE AND DATA REQUIRED
The focus of this chapter is on site selection from the states on Gujarat and
Maharashtra with a total sample of 563 cities, as well as selection of the data required
from PAS database. In order to do so, the ‘data rich’ ULBs were identified. The total
number of cities that PAS catered to for service level assessment were 170 in Gujarat
and 393 in Maharashtra. The selection of cities was done on the basis on two major
factors. These are:
•

Presence of networked services: The study is limited to networked services as
it targets the conveyance systems and the electricity consumption associated
with them. The services of water supply and waste water have been prioritised
in the selection of cities.

•

Network length: In order to understand the energy consumption taking place
in the network length in water supply and waste water services.

•

Electricity charges: In order to establish a relationship between energy
consumed in the services and the identified parameters.

A total of 93 cities were sampled for the study. Out if these 61 are from Gujarat and
32 from Maharashtra. This disproportion is due to higher coverage of services for the
cities of Gujarat, compared to Maharashtra.
The chapter deliberates on the data required from the PAS database for the study.
From the database, a total of 9 indicators and 24 background data-heads have been
identified to investigate the association with energy consumption. This has been
executed by classification of data into three categories. These are:
•

Data required to measure consumption

•

Data required to classify cities

•

Data required as parameter

From the database, the variables were derived to measure consumption. The study is
measuring consumption in relative and not absolute. This has been done for ease of
comparison. The study has considered the following units to measure consumption.
1. Unit consumed for production of 1 kilo-litre water-supply (kWh/m3)
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2. Unit consumed per 100-meter length of water-supply/waste-water network
(kWh/100m)

CHAPTER 6: ASSESSMENT OF ENERGY CONSUMPTION IN WATER
SUPPLY SERVICES
This chapter deals with assessment at two levels. The first part of analysis is to assess
energy consumption at the gross urban scale. Whereas the second part of the analysis
is to assess variation in consumption for classified urban development and service
level parameters.
The study envisages to understand the association between the identified variables
and the energy consumption taking into account all 93 ULBs for the first part of the
analysis. This will give an insight into the kind of association shared between the
dependent and independent variables i.e. whether consumption shares a positive or a
negative relationship, and by how much. It was observed that unit consumed per Kilolitre shared negative relationship with population density, building typology, area
served and per-capita supplied. While unit consumed per 100 metre length shared
negative relationship with population density and building typology but shared a
positive relationship with area served, per-capita supplied and population served.
For the second part of the analysis, the study stratifies samples into classified
parameters to test the level of association shared by the variables with energy
consumption. Larger (more than 40km2), denser cities (75–25 person/hectare) with
higher population and higher share of high-rise consume lesser unit per Kilo-litre
water supplied, compared to mid-sized (less than 10km2) and mid-dense (less than 25
person/Hectare) cities. Cities with NRW less than 20 percent shared a positive and
more than 20 percent shared a negative relationship with energy consumed in
production and supply, implying at the volume of water lost that affects energy
consumed. Unit consumption was found to be higher with decreasing per-capita water
supplied.

CHAPTER 7: SYNTHESIS
As a resource: The outcome of population density and building typology assessment
shows that cities need to aspire for compact development, with high densities, higher
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built density and a higher share of high rise which would be a function of economy of
density.
As a product: It is observed that per unit cost of production decreases significantly
with increase in the scale, which is a function of the economy of scale. This reduces
per unit consumption. But it may lead to dis-economies of scale, which currently the
Indian cities need not worry about.
As a service: The outcome shows that unit cost per length is highest when scale is
smaller and higher when scale is large. But it is lowest when the scale is optimum.
This raises the question of whether decentralised approach needs to be adopted for
electrical energy optimisation.
As a system: Through analysis of Ground water versus bulk raw supply and the
NRW, it is observed that decreasing energy consumption as a goal is not always
beneficial when water is viewed as a resource.

It can be inferred that as a spatial tool, compact cities as a function of densification
and increase in share of high rise can help cities reduce and optimise energy
consumption. It also conclusively implies that economy of density and economy of
scale are driving principles to optimise unit cost of electrical energy consumption
spatially.
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1

Introduction

1.1 Background
India, urbanisation and energy
While China and the United States are the largest guzzlers of energy in the world, India
is placed third on the mantle for energy consumption. Due to dynamic socio-economic
growth and urbanisation over the last couple of decades, it is perceived that India’s
energy needs will continue to rise (EIA, 2016). Although India’s energy footprint is one
of the highest in the world, the per capita electrical energy consumption is one-third of
the global average, indicating room for higher energy demand in the long term as it
continues its economic development. It is estimated that with the rapid growth in
population and urbanisation, India’s energy demand is expected to double by 2030.
According to current estimations, nearly 304 million Indians do not have access to
electricity. Although India has made significant progress in the field of energy efficiency
over the last 15 years, it still has a long way to go for securing its energy security
objective (NITI Aayog, 2017).

On energy conservation
The CPHEEO (2005) defines electrical energy audit as “auditing of billed energy
consumption and how energy is consumed by various units, and sub-units in the
installation, i.e. whether there is wastage due to poor efficiency, and identification of
actions for remedy and correction.” Energy audits have determined that energy costs
account for 40 to 60 percent of overall cost of operation and maintenance of water works.
By becoming energy efficient and focusing on energy conservation, each urban local
body can reap energy savings of 25 to 40 percent minimum (IFC, 2007), emphasising the
need for action in our urban management systems.
The ‘energy conservation act’ (EC), which was notified in 2001, laid the foundation for
policy interventions by Government of India. Under the provision of energy conservation
act, the Bureau of energy efficiency (BEE) was formed which enabled mainstreaming
energy efficiency in buildings through ‘energy conservation building code’ (ECBC), a
standard programme for energy-intensive appliances and an innovative industrial energy
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efficiency program. During the eleventh plan, BEE had initiated municipal demand side
management (Mu-DSM). This was initiated after determining the energy saving potential
in municipal sector. The objective of this project was to enable savings in the electricity
consumption and cost reduction, by augmenting the overall energy efficiency of the
ULBs. Through this program, survey was conducted in 175 ULBs across the country and
energy audits were taken up to create DRPs with saving potential of 120 MW. Although
the scheme could not bring about necessary changes in municipal services, it paved the
path for future initiatives and projects in the field of energy conservation.

Under the recent urban development program AMRUT, energy audits for streetlights,
sewage treatment plants (STPs) and Water treatment plants (WTPs) have been mandated
for funding from the government. The ‘Alliance for an energy efficient economy’
(AEEE) under the initiative of BEE and aligned with NITI Aayog’s various state indices,
has also developed the first State energy efficiency index for India to help drive energy
efficiency policies and programs at state and local levels. Simultaneously, trace the
advance in managing states’ and India’s energy footprint. This initiative appraises the
policies and regulations of different states in managing energy. It also investigates
financing mechanism, institutional capacity and adoption of energy efficiency measures.
The resultant energy savings achievement is measured across sectors like buildings,
industry, municipalities, transport, agriculture and DISCOM, accounted through energy
consumption and saving potential audits. This index classifies the states, based on the
measures listed above, and places them in four categories; the ‘front runner’, ‘achiever’,
‘contender’ and ‘aspirant’. This can be counted as a stepping stone for future initiatives
in the field of energy conservation for states and engages in the discourse on demand
assessment.

According to the CEA general review on 2016, out of the total annual electricity
consumption (2014-2014), it is estimated that municipal services account for 28 TWh,
almost 3 percent of the total electricity consumption. Considering that India is only 31
percent urban and rapidly urbanising, augmenting municipal services becomes an
important area for energy conservation. In terms of conservation, municipalities have the
maximum scope to capitalise as they account for 23 percent of inefficiency in energy use
in India. It has been documented by organisations like PWC that public water supply
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systems and street lighting account for 4 percent of the total electricity consumption in
India (PwC 2010). According to ‘AEEE’s Energy efficiency in India’ 2011 report, the
average spending done by municipalities on utilities like water pumping, is over 60
percent of its budget on energy cost. Whereas street lighting takes a giant’s share of 10 to
15 percent of the municipal budget (AEEE, Energy efficiency in India, 2011). The states’
role in energy conservation has been mandated for municipalities through the EC Act via
various sections:
•

EC act, section 18: Regulation of the energy consumption standards for street
lighting and drinking and/or waste water pumping.

•

EC act, section 26: Impose penalties for non-compliance of either central or state
government energy conservation regulations

•

EC act, section 27, 28, 29: Power to adjudicate the penalties imposed for noncompliance

•

EC act, section 57: Power of State Government to make rules, by notification, for
carrying out the provisions of EC Act and not inconsistent with the rules, if any,
made by the Central Government.

Hence, in the state EE preparedness index of 2018, 10 percent of the weight has been
allotted to municipal service, focusing on areas such as street lighting and water
pumping.

Approaching consumption
After the introduction of concepts like Watergy that highlighted the link between water
and energy usage, municipal energy efficiency projects were initiated. Albeit, by selected
municipalities, in the late 1990s’ (AEEE, Energy efficiency in India, 2011). While the
idea of becoming more energy efficient at municipal level energy services as the
cheapest and fastest way to reduce energy consumption had become the prevailing truth,
understanding consumption itself is an idea yet to be explored and researched.

Most of the discourse on consumption are based on energy audits and implementation of
energy efficiency measures revolving around pumps, leak management, automated
controls, monitoring, metering or utilities like street lighting. While individual
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components are important, there are various pivotal parameters affecting an urban centre
that may dictate its consumption pattern. Most Indian urban centres have grown in an
organic manner over the years, making it a herculean task for the municipalities to
provide services systematically. Factors like leap-frog development, urban sprawl and
urban form dictate the way efficient service provisioning is done. The magnitude of
municipal energy consumption also depends on factors like topography, changes in
elevation and climate, which dictates a significant amount of energy required for
conveyance, collection and treatment of municipal services. Therefore, it becomes
important to understand and assess the various macroscopic parameters affecting energy
consumption in various Indian cities with a focus on electrical energy. Not only as a tool
for bringing in better conservation measures in municipal services and urban
development, but also to inform authorities on the nexus between pattern of growth and
consumption.

1.2 Problem statement
Most programs and policies talk about demand side assessment and energy consumption
at the micro-scale. The macro factors are largely ignored. The questions raised are:
•

The need to identify spatial factors that affect electrical energy consumption at
municipal services level.

•

The need to assess these factors and their impact at the urban scale.

This study intends to conceive a methodology to assess the empirical relationship shared
between electrical energy consumption in municipal services and the identified factors.
Based on this, learnings and recommendations for understanding the nexus between
spatial planning, services and electrical energy consumption will be deciphered.

1.3 Aim
Assessing factors affecting electrical energy consumption in municipal services at a
spatial scale.
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1.4 Objectives
1. Reviewing the discourse driving measures to assess electrical energy
consumption in municipal services.
2. Identifying urban parameters affecting electrical energy consumption in
municipal services for selected cities.
3. Assessing the relationship between the identified parameters and its impact on
electrical energy consumption.

1.5 Scope and limitation
The research project will cover:
1. Literature review on the approach and method
2. Selection of secondary and primary data
3. Map generation
4. Statistical analysis
5. Recommendation with respect to the level of association been spatial planning
and electrical energy consumption.
The study will largely focus on the impact of these factors on two sectors of municipal
services. These are:
1. Water supply
2. Waste water system
The study will be bifurcated into two phases. Phase one of the study is focused on
water supply services.
Data source:
The study aims to extend the work by PAS on performance measurement by service level
benchmark of municipal services. In this process, selected key performance indicators
and local action indicators will be used to assess the impact of the macro factors on
electrical energy consumption.

Area of research
The iNUMBER work package focuses primarily on Urban Local Bodies (ULBs) and
stakeholder organisations with the following objectives:
5
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•

Learning

•

Knowledge exchange

•

Testing and demonstration

iNUMBER extends the work to the energy water nexus by incorporating electricity used
for street lighting, water pumping and sanitation. Being a part of the iNUMBER
(Integrated Urban model for Built Environment Energy Research) project by CARBSE,
this study is in collaboration with PAS, where the existing PAS data on energy and water
consumption will be incorporated for electrical energy data analysis.

According to the state energy efficiency preparedness index 2018, the study has grouped
states based on their total energy consumption, represented as Total Primary Energy
Supply (TPES) where consumers are classified and compared to each other. Group 1 of
this spectrum is supplied 61 percent of the total energy (368 MTOE), and consists of
Maharashtra, Gujarat, Tamil Nadu, Uttar Pradesh, Karnataka, Rajasthan, Odisha and
Madhya Pradesh. Out of these states, Maharashtra and Gujarat are supplied the highest
amount at 71 percent and 63 percent each. Therefore, based on the PAS data, sample
cities of Gujarat and Maharashtra will be considered for this study, with a focus on the
‘data rich’ ULBs.
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Figure 1: Location of Gujarat and Maharashtra

1.6 Hypotheses
1. Electrical energy consumption is dependent on spatial features, urban
development, geography and climate.
2. Electrical energy consumption is dependent on the level of services provided.

1.7 Task
Objective 1
Discourses directing the study
The study aims to understand the various past measure in the field of energy in order
to develop a clear sense of direction. This objective is obtained by conducting
literature review on the following subjects:
•

Various measures to assess demand-side assessment of energy consumption
for urban sector.
7
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•

Energy assessment measures conceived for municipal services.

•

Relationship between spatial planning and energy.

Objective 2
Identifying parameters and selection of cities
To identify the parameters affecting energy consumption in municipal services,
literature reviews on the following would be conducted:
•

Relationship between spatial planning and energy.

•

Various urban parameters affecting energy consumption.

Objective 3
Relationship between the variables will be explored using statistical analysis.
Prescriptive understanding on the relationship between spatial development pattern and
alignment of services with respect to electrical energy consumption
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2

Methodology

9

Assessment of factors affecting energy demand for water supply services

Figure 2: Methodology adopted for the study

1. Reviewing the discourse
The review of discourse helps understand the requirement for demand assessment.
This has been accomplished by looking at the various programs and policies designed
to measure energy consumption for the urban sector and municipal services. It brings
forth an understanding on how the sector has evolved over the years and the issues
observed. The relationship between spatial planning and energy consumption is also
explored to understand the level of association between the two.

2. Identifying urban parameters
To successfully build an association between spatial factors and electrical energy
consumption, various parameters that affect consumption were identified with
review-based hypothesis. The study has been conducted on the understanding derived
from the possible relationship these parameters share with electrical energy
consumption.

3. Identifying sampled cities
This stage of the study was conducted to identify ULBs from the state of Maharashtra
and Gujarat that could effectively be used for the study. To accomplish the same,
municipal services were identified and within them, datasets that would be useful for
the study. A total of 563 ULBs have been sampled for the study.

4. Identifying data required
This stage uses the PAS database to select the indicators and data-heads required for
the study. It investigates data-heads required to measure electrical energy
consumption, categorize the ULBs into different classes and to select data-heads to
be used as parameters (independent variables) for the study.

5. Assessing the relationship
This stage assesses the degree of association and dependency between the identified
parameters and electrical energy consumption. The assessment enables us to derive
the association at a gross urban scale and to assess the variation in consumption for
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classified urban development and service level parameters. The analytical tools
applied in the study will be explained in the next section of the chapter.

Each stage of the study feeds into the next stage, addressing the objectives respectively.

2.1 Analytical tools applied in the study
To understand the relationship between two or more variables, it is imperative to
understand the level of dependency between variable X and Y and to derive the kind of
association the variables share. This is being tested through the following statistical tools
in the following order:
1. Correlation
The degree of dependency between two variables is referred to as correlation.
This tool determines the relationship shared between the variables being
measures. The study uses linear correlation to measure this relationship wherein 1 is a perfectly negative relationship, +1 a perfectly positive relationship and 0
indicating no relationship. A visual inspection of scatterplots is essential

Figure 3: Visual representation of correlation through scatterplots

2. Linear regression analysis
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The Regression Equation is the algebraic expression of the regression lines. It is
used to predict the values of the dependent variable from the given values of
independent variables.

‘a’= level of the fitted line i.e. distance of line above or below the origin
‘b’= slope of the line i.e. Change in the value of Y for one unit of change in X

3. Variance (P- Value)
All hypothesis tests use a p-value to weigh the strength of the evidence (what the
data are telling you about the population). The p-value is a number between 0 and
1 and interpreted in the following way: A small p-value (typically ≤ 0.05)
indicates strong evidence against the null hypothesis, so the study rejects the null
hypothesis. A large p-value (> 0.05) indicates weak evidence against the null
hypothesis, so the study fails to reject the null hypothesis. P-values very close to
the cut-off (0.05) are marginal.
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3

Review of the discourses directing the study

3.1 Measures conceived for the assessment of energy consumption in the
urban sector
Through the Energy Conservation Act (EC Act) 2001, the BEE was set up as a statutory
body and investigated utilities, energy conservation building codes and demand side
management (DSM). The Municipal-DSM, initiated in the eleventh plan by BEE,
prepared bankable DPRs with the overall potential saving of 120 MW, but failed in
getting them implemented. The demand side assessment accounted only the energy
conservation potential but failed to assess energy consumption as a factor. Similarly,
MOUD’s ‘CPHEEO manual on operation and maintenance of water supply systems
2005’ focuses on electrical energy audits, and as a component of the same, the manual
focuses on accounting for the actual energy consumption, albeit for individual
components of the water supply system.

The Government of India is also coming up with the National Energy Policy seeking to
provide a framework for India’s energy sector and has recently released the draft in 2017.
Although energy policies tend to have a bias towards planning the availability or supply
of the resource because of the paucity and value, demand side assessment is also an
important feature and has not been ignored in the draft National Energy Policy 2017
(TERI, 2017). While the policy should look at the sector-wise disaggregation of
demands, their levels and patterns and their variation and map it across sectors along
with the fuel scarcity and pattern of availability, the draft NEP is only aiming to capture
six major energy demand sectors. These are:
•

Transport

•

Buildings

•

Agriculture

•

Cooking

•

Industries

•

Telecom

The NEP overlooks on the segment of municipal energy demand. Therefore, before
entering the domain of energy conservation and energy efficiency for the municipal
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services, there is a need to understand demand itself and the underlying factors that
influence it (TERI, 2017). This is currently missing from our programs and policies
crafted for the urban sector.

The Government of India is also looking towards greater use of renewables in the energy
mix and energy optimisation with programs like AMRUT, urban transport program and
Smart cities mission, and strengthening of institutions dealing with energy. The BEE
investigates utilities, energy conservation building codes and demand side management
(DSM), whereas the institutional capacity of the states was to be carried out by SDAs
(State designated agency) to propagate energy conservation activities at the state level.
The SDAs deal mostly with projects dealing with LED street lighting, water pumping
stations and investment grade energy audit in government buildings (GOI, 2015).

Municipal services:
EE measures in municipal services became a popular discourse internationally and within
various developed and developing countries with corporations like GIZ in the forefront.
Most of these projects are majorly involved in reduction of consumption through use of
renewable resources like solar and wind, and by addressing the ‘watergy’ cycle. This
term was devised by the Alliance to Save Energy, and it emphasized on the strong link
between water and energy in municipal water distribution systems. Apart from tangible
savings in energy and water, the report also advocates measures for reductions in
operating costs and improvement in service through these measures. J.A. Barry in
Watergy: energy and water efficiency in municipal water supply and wastewater
treatment highlights the focal areas for intervention within the water supply systems.
These are improvement of pumping systems, managing leaks, automating system
operations, and regular monitoring through metering (Barry, 2007). On similar lines, the
ministry of urban development has come up with a policy paper focusing on the high
energy footprint of the conventional municipal water management practices to address
the nexus between water, energy and climate change (Pradeep kumar, 2017) and the
manual on operation and maintenance of water supply systems by CPHEEO (2005).

It is estimated that municipalities in India consume about 3 percent of the total electricity
consumption (as of 2014-15) (BEE, 2018), which is around 27,582 GWh of electricity.
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To facilitate municipal EE projects on a large scale, IFC, BEE and AEEE have jointly
developed the “manual for the development of municipal energy efficiency projects”.
This manual is intended for stakeholders like municipalities, energy service companies,
equipment suppliers and financial institutions. It is recommended as a reference
document for the urban local bodies to implement programs in water supply systems,
sewerage systems, street lightings and municipal buildings (IFC, 2007). The manual
gives guidelines on the detailed steps required for energy audits and development of
projects, along with guidelines on procurement, performance contracts, monitoring and
financing.

Internationally, one of the fore-runners in the field of energy efficiency has been the
‘American council for an energy-efficient economy’ (ACEEE), a non-profit organisation
focused on advancing energy efficient policies, programs, technologies, investments and
behaviours for nearly 30 years. ACEEE assists states in the United States with adoption
and implementation of energy efficient policies and programs. One of the examples
being its leading role in helping pass 2008 legislation in Maryland that commits the state
to reducing electricity use by 15 percent by 2015 (ACEEE, 2018). The ACEEE has State,
City and Local Energy Efficiency Scorecard which is released every year to track activity
across multiple sectors like government, utilities, transportation, buildings, appliance,
combined heat and power. Based on a similar framework, its sister organisation based in
India, ‘Alliance for an energy-efficient economy’ (AEEE) has released State energy
efficiency index rating 30 Indian states and territories in six areas. These areas are:
•

Building sector (30 percent weightage)

•

Industrial sector (25 percent weightage)

•

Municipalities (10 percent weightage)

•

Transport (15 percent weightage)

•

Agriculture and Distribution companies (15 percent weightage)

•

Cross sector (5 percent weightage)

The primary aim of the index is to help drive state and local energy efficiency policies
and programs, encourage heathy competition between states and set a standard for
efficiency efforts and state specific objectives. The AEEE, in collaboration with BEE and
NITI Aayog, aims to develop the index and revise it annually. This would be achieved by
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offering technical, policy and implementation assistance to states (Nadel, 2018) . “The
index has been developed taking into account sector-wise energy consumption, energy
saving potential and states’ influence in implementing energy efficiency” (AEEE, 2018).
It is observed that while ACEEE has scorecard for local and city level EE, the Indian
counterpart has index for states in general. This does not allow comparative assessment
of cities in general and enables richer states to show higher progress. And though
indicator for municipalities is present in the index, municipalities have no special
mandate in the EC Act, diluting the mandate on EE measures (BEE, 2018). Moreover,
the indicator for municipal power consumption is absent in this index. The indicators for
municipalities along with their designated scores have been enumerated in the following
figure.
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Figure 4: Municipal indicators in the energy preparedness index
(Source: State Energy Efficiency Preparedness Index 2018)

Thus, it is observed that most of the national and international initiatives for
municipalities have largely been focused on either providing them with an alternative
renewable source of energy or audits to understand the running efficiency of the utilities.
Similarly, the manual for development of municipal EE projects does not talk about the
overall urban development and pattern affecting the municipal services. It only takes into
account the auditing of individual components, as is the same for ‘CPHEEO manual on
operation and maintenance of water supply systems (2005)’. Therefore, this study is
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directed largely towards the ignored aspects affecting municipal service delivery, like the
spatial development and urban pattern.

Figure 5: The journey towards energy efficiency

Relationship between urban planning and energy:
Good planning always culminates from a demand-led approach and backed by legitimate
knowledge and information. Through review of various literature, it has been
hypothesized that the distribution and structure of land-use, the sizing and form of urban
plots and the pattern of street network have a tangible impact on energy efficiency. The
study explores elements of urban development that would make the planning process
more receptive of energy demands.

The development plan of a city directs its pattern of growth, urban form and morphology.
They offer opportunities to enhance efficiency by providing spatial solutions for
minimum energy consumption. Some of the strategies used for energy efficient planning
include mixed use zones, minimizing sprawl, improving infrastructure network to
18
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minimise loss and effective use of natural topography. Although this aspect is not
addressed directly in India, they are referred to indirectly as intended outcomes of
various programs. An example being the “National mission on sustainable habitat”.
Under the “National Action Plan”, it has been classified as one of the eight national
missions. One of the focus areas of this mission is to promote energy efficiency. Apart
from improvement in energy efficiency in buildings through ECBC, the mission also
promoted better urban planning with a focus on land use. The key deliverable of the
mission included “preparation of city development plans that would comprehensively
address adaptation and mitigation” (CPHEEO, 2010). Better urban planning to reduce
energy demand is also captured under the demand sector of buildings in the draft
National Energy Policy 2017.
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4

Factors affecting energy consumption

In the report Planning energy efficient and livable cities, Serge Salat documents various
studies of cities around the globe that mention the link between energy use and the
physical form of the city. By physical form, the author indicates spatial distribution,
building typology, street patterns, location of jobs and residences. The report also
indicates that environmental amenities and parks affect the level of energy use (Serge
Salat, 2014). Urban development policies which dictate land use and hierarchy of road
network and street patterns are responsible for issues like urban sprawl, influencing the
urban form.
According to Salat, optimization of certain urban features can reduce the energy demand
by a factor of two to four (Salat & Bourdic, Urban complexity, efficiency and resilience,
2013). According to the UN-Habitat, the interaction of certain urban characteristics
constrains energy use and future pattern of growth of a city. These are the physical form,
the built characteristics, the relation of transport corridors with population density, and to
a certain extent the pattern of spaces (WCR, 2016).

Figure 6 :Increasing efficiency and lowering of infrastructure cost through densification
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Source: Planning energy efficient and liveable cities, 2014
Density, in terms of house-hold and population, has a similar effect on electrical
energy, as provisioning of services and amenities is directly proportional to it (Karen C.
Seto, 2014). Density also plays a role in determining the cost of infrastructure. Higher
densities have indicated to lowering of per capita infrastructure length and thus reduction
in life cycle cost per capita (Muller, et al., 2013). Research shows that waste water, water
and road length per capita are negatively correlated with population density. Although
densification and compact cities are highly debated concepts for infrastructure
provisioning, densification is estimated to lower infrastructure costs as seen in figure 3.

Apart from density, climate and topography have a tremendous consequence on the
pattern of energy use in a city. Infrastructure wise, most large cities around the globe
have locational advantages based on geographical factors like topography and slope
(Larson & Yezer, 2014). Factors like urban GDP and urban energy consumption per
unit of urban land may also be considered as a factor for energy consumption. In this
case, the areas with higher points of energy density are also the highest points of
economic density (Salat, The break-even point, 2016).

It is observed that there are multiple parameters that affect the energy consumption based
on form, shape, size and urban policies. Some of the parameters identified from the
literature review are:
•

Physical form of the urban centre (WCR, 2016) (Serge Salat, 2014)

According to Demopgraphia’s definition of urban terms, Physical form means
“The generic form of the city or the physical expanse / area of continuously builtup urbanization” (WCR, 2016).
•

Density of household and population (Serge Salat, 2014) (Larson & Yezer,
2014)

According to the chapter on ‘Understanding density and high density’ by Vicky
Cheng, “Residential or household density is typically defined as the number of
dwellings per hectare (dw/ha). “
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“Population density is a measure of the intensity of land use, expressed as
number of people per square kilometre or hectare.”
•

Land use and FAR (Karen C. Seto, 2014) (Serge Salat, 2014)

According to the World Bank, “Land-use planning often leads to land-use
regulation, which typically encompasses zoning. Zoning regulates the types of
activities that can be accommodated on a given piece of land, as well as the
amount of space devoted to those activities, and the ways that buildings may be
situated and shaped.”
According to Investopedia, “Floor area ratio (FAR) is the ratio of a building's
total floor area (gross floor area) to the size of the piece of land upon which it is
built.”
•

Road network and density (WCR, 2016) (Serge Salat, 2014)

“The road

network is

the

system

of

interconnected roads designed

to

accommodate vehicles and pedestrian traffic. Road density is the ratio of the
length of an area's total road network to the total area of the given land. “
•

Climate (Serge Salat, 2014)

According to Wikipedia, “Climate is the statistics of weather over long periods of
time. The climate of a location is affected by its latitude, terrain, and altitude, as
well as nearby water bodies and their currents. “
•

Topography (Serge Salat, 2014)

According to Wikipedia, “Topography is the study of the shape and features
of land surfaces. The topography of an area could refer to the surface shapes,
natural and artificial features.”
•

Socio-economic indicator like economic density (Salat, The break-even
point, 2016) (Phillip, 2013)
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According to World stats, “Economic density is the total land area divided by
gross domestic product (GDP) at market prices in current currency rate. “
According to Government of India, “Net State Domestic Product (NSDP) is
defined as a measure, in monetary terms, of the volume of all goods and services
produced within the boundaries of the State during a given period of time after
deducting the wear and tear or depreciation, accounted without duplication.
Similarly, the gross domestic product is also available at the city level.”
But India only assesses the NSDP, and not the gross domestic product city wise.

The identified factors will enable identification of parameters (variables) for the study
which will be elaborated in the next section, along with the limitations and hypotheses of
each parameter identified.

4.1 Parameters identified
The identified parameters and the hypotheses used in the study has been derived from the
factors identified in the literature review, and further elaborated in this section. The
parameters adopted for the framework are classified under:
4.1.1

Urban form

Focusing on Land-use and urban growth
Hypothesis: Land-use and the growth pattern determine whether a city emulates features
of compact growth or dispersed growth. Higher the compactness, lower the municipal
electrical energy consumption for water supply and waste water services. But the same
cannot be ascertained for total energy consumption of the city.

Limitation: Due to unavailability of land-use maps of all the cities considered for this
experiment, the study is focusing on the growth pattern by looking at compact vs
dispersed cities with the help of google imagery, population density and building
typology of the said settlements.
4.1.2

Urban morphology (Building typology)

Framework
Focusing on building type and building height
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Hypothesis: The structure of the city is often determined by the typology of buildings and
the FSI provided for consumption/consumed. Higher the FSI consumed, lower is the
municipal electrical energy consumption for water supply and waste water services.
More the typology of apartments in a city, lower is the municipal electrical energy
consumption for water supply and waste water services. But the same cannot be
ascertained for total energy consumption of the city.

Limitation: Due to unavailability of data with respect to FSI consumed and FSI
distribution, building height as a parameter has been shelved for this study. Instead,
building type has been considered by estimating the number of households residing in
apartments in the selected cities.
4.1.3

Demography

Focusing on population density and house-holds served
Hypothesis: Absolute increase or decrease in population de-facto increases/decreases
the total electrical energy consumption in a city. But density as an indicator of area and
population determines the consumption pattern of services in a city. In this case, higher
the density, lower is the municipal electrical energy consumption for water supply and
waste water services. House-hold as an indicator of population also determines the total
consumption pattern in a city by determining the number of connections. Higher the
number of house-holds, higher in the total energy consumption of a city.

Limitation: Since the study focuses on the energy consumption in municipal services
only, the study does not consider the increase or decrease in number of households. The
increase in number of households increases the energy consumption at the building level
which is not being estimated in this study.
4.1.4

Geographic factors

Through topography and average rainfall distribution
Hypothesis: The slope or terrain of a region may define the energy consumed in supply
of water and collection/disposal of waste water. A highly undulating terrain would make
the laying of services a challenge, and often a flat terrain would mean a greater number
of pumping stations. Thus, consumption of electrical energy in municipal services
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increases with increase in average slope of a city for the distribution of water supplied
and decreases in cities with a median slope for collection of waste water services.
Similarly, since most cities rely heavily on combined sewer systems, rainfall becomes a
deciding factor in the electrical energy consumption pattern of waste water services.
Cities with higher average rainfall pattern may show higher energy consumption in the
pumping of waste water.

Limitation: The study has been limited to the annual electrical energy consumption in
the delivery of municipal services. Due to the lack of data pertaining to seasonal
variation, estimating the effect of rainfall on seasonal energy consumption is a limitation
of this study. Moreover, calculation of the average slope is a function of the total
topographic variation within the given area of a city. Due to the unavailability of GIS
data on the administrative boundaries of selected cities, calculation of average slope is a
limitation of this study.
4.1.5

Road network

Through road density
Hypothesis: To understand the energy consumed in municipal solid waste collection,
road density, which is an indicator of total road length with respect to total area
covered, helps understand the increase/decrease in consumption pattern for solid waste
services. Higher the road density, lower is the energy consumed in municipal solid waste
collection.

Limitation: To estimate total energy consumed in municipal solid waste collection, it is
necessary to avail data on the trip length. Due to the unavailability of this data,
estimating energy consumed and estimating the impact of road density on energy
becomes a limitation.
4.1.6

Level of services

The association between level of services and consumption of energy will be determined.
Factors such as area coverage, per capita water supplied, non-revenue water and source
will be considered for this associations.
Hypothesis: Higher the level of services provided, larger the consumption of electrical
energy. It is presumed that higher the area coverage and per capita water supplied,
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higher would be the energy consumed. While lowering of the non-revenue water would
lower the energy consumed.
Source of water determines the electrical energy consumed in delivering of water-supply,
as the electricity costs account for charges from source, to treatment plant, till the
distribution system. The assessment would assess difference in consumption when
sourced primarily from the ground-source or purchased from the raw bulk source.

The identified parameters to assess consumption are:
Urban parameters
• Population density
• Urban morphology (Building
typology)

Level of services
• Population served
• Area served
• Per-capita water supplied
• None-revenue water
• Source of supply
(Ground/Raw bulk purchase)

Table 1: Identified parameters to assess consumption for the study

4.2 Classification of parameters
The framework is designed to measure the relationship between electrical energy
consumption and between selected urban development parameters and service level
parameters. The urban development parameters intend to bring in the association
between energy consumption and its relationship with the classified typologies.
Similarly, the service level parameters intend to develop a relationship between electrical
energy consumption and cities classified under levels of service. The classification has
been enumerated below:
4.2.1

Urban development parameters

1. Gross population density
The number of people in a unit area.
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•

Density between 150 to 75 person per hectare

•

Density between 74 to 25 person per hectare
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•

Density less than 25 person per hectare

The classification has been done considering the URDPFI guidelines for
density and city size.
1. Urban morphology (Building typology)
The percentage of households residing in apartments. This helps in
understanding the fabric of the city in the absence of data on FSI and building
height.
•

Cities with more than 15 percent of its total households served, residing in
apartment blocks.

•

Cities with less than 15 percent of its total households served, residing in
apartment blocks.

The classification for urban morphology has been executed through stratified
sampling of the available data, keeping in mind the distribution of sample
size.
4.2.2

Service level parameters

1. Population served
The number of people under the coverage of water supply network.
•

Cities above 1 Lakh

•

Cities between 99,999 up to 50,000

•

Cities between 49,999 up to 20,000

•

Cities have population less than 20,000

The classification has been done according to the census classification of
Indian cities.
2. Serviced area
The gross total area under the service network.
•

Cities with serviced area above 40 square kilometres
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•

Cities with serviced area less than 10 square kilometre

The classification for serviced area has been executed through stratified
sampling of the available data, keeping in mind the distinction between large,
medium and small sized cities.
3. Per-capita water supplied
The total amount of water supplied to per person per day in a given city.
•

Cities supplying water more than 135 LPCD

•

Cities supplying water between 134 to 90 LPCD

•

Cities supplying water less than 90 LPCD

The classification for per capita water supplied has been executed through
stratified sampling of the available data, keeping in mind the CPHEEO
guidelines for supply of water which mandates 150 LPCD for metropolitan
cities, 135 LPCD for large cities and 90 LPCD for medium sized cities.
4. Non-revenue water
Percent of water supplied that is unbilled or unaccounted for.
•

Cities with more than 20 percent NRW

•

Cities will less than 20 percent NRW

The classification for extent of NRW has been executed keeping in mind the
optimal percent allowed. The classification bifurcates cities in accordance to
the recommended levels, with cities falling above or below the benchmark.
5. Source of supply
Since the charges capture the energy spent from source to treatment plant till
the distribution network, the source of this supply becomes relevant in content
to energy consumed. Thus, the cities are bifurcated into:
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•

Cities consumed more than 10 MLD from raw bulk purchase

•

Cities consuming more than 5 MLD from ground source.
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5

Selection of site and data required

The focus of this chapter is on site selection from the states on Gujarat and Maharashtra
with a total sample of 563 cities, as well as selection of the data required from PAS
database. To do so, the ‘data rich’ ULBs were identified, keeping in mind the required
dataset to check association between the variables. This will be elaborated in the chapter
below. Apart from site selection, this chapter elaborates on the data chosen to take this
study forward.

5.1 Site selection

Figure 7: ULBs selected for the study

Through the PAS database, two states, Gujarat and Maharashtra, were selected based on
the availability of data and as two of the highest energy consumers of India (AEEE, State
energy efficiency preparednes index, 2018). The total number of cities that PAS catered
to for service level estimation were 170 in Gujarat and 393 in Maharashtra. The selection
of cities was done on the basis on three major factors. This has been elucidated through
the figure below.
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Figure 8: Criteria for selection of ULBs - Venn diagram

5.1.1

Site selection criteria

1. Presence of networked services
The study is limited to networked services as it targets the conveyance systems
and the electricity consumption associated with them. Most of the electricity
consumption occurs at the pumping station of the distribution systems or the
sewage plants. Thus, the following services are given priority in the selection of
cities:
1. Water supply network
2. Waste water network

2. Network length
To understand the electrical energy consumption taking place in the network
length of water supply and waste water services, it is vital to have total length of
networked serviced.

3. Electricity charges
To establish a relationship between electrical energy consumed in the services
and the identified parameters, electricity data is vital for the experiment.
Although a lot of cities have data on ‘electricity charges/fuel cost’, they are
mostly the energy consumed in faecal sludge transportation by the municipality in
non-networked cities. Therefore, only networked cities with electricity data have
been sampled for this study.
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Selected cities
Gujarat

Figure 9: Gujarat

Out of 170 cities, 61 cities were found to have adequate data for the study. 85 cities
lacked data on electricity charges in waste water and 1 city lacked data on water supply
connection. Out of 90 cities with sewer network, 29 cities had missing data for network
lines.

Figure 10 Coverage of services in Gujarat

Source: PAS.org
Gujarat
Total

Municipal
Corporation

Class A

Class B

Class C

Class D

170

8

22

34

62

44

61

6

9

19

16

11

31
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10%

15%

31%

26%

18%

Table 2: Total number of cities selected from Gujarat for each class

Maharashtra

Figure 11: Maharashtra

Out of 393 cities, 32 cities were found to have adequate data for the study. 356 cities had
no sewer lines. And out of 37 sewer networked cities, only 35 cities had data on
electricity charges. Compared to Maharashtra, Gujarat has a higher coverage of sewerage
and water supply network. Whereas Maharashtra has a higher dependency on services
like FSM (Faecal sludge management). Due to this, only 8 percent of ULBs were
selected from the total sample of Maharashtra state.

Figure 12 Coverage of services in Maharashtra

Source: PAS.org
Maharashtra
Total

Municipal
Corporation

Class A

Class B

Class C

Nagar
Panchayat

32
Table 3: Number of cities selected from Maharashtra from each class
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393

27

17

73

141

135

32

13

4

7

6

2

40%

13%

22%

19%

6%

The variation in area of the selected 93 cities cover a large spectrum, from maximum
area of 466 square kilometre, to a minimum area of 1.5 square kilometre. The average
area of the selected cities is 46.7 square kilometre. The variation has been spatially
depicted in the map below.

Figure 13: Variation in population of the selected cities

Figure 14: Variation in area of the selected cities
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The variation in population density of the selected 93 cities cover maximum density of
340 person per hectare, to a minimum density of 5 person per hectare. The average
density of the selected cities is 58 person per hectare. The variation has been spatially
depicted in the map below. In both the states, most of the sampled cities are low rise in
nature with 60 percent of the cities without apartment connection. In the 30 percent with
apartments, the highest city is from Maharashtra, Mira-bhayandar. The average being
approximately 6 percent of total house-holds residing in apartments. This variation has
been spatially depicted in the map below.

Figure 15: Variation in density of the selected cities
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Figure 16: Variation in urban morphology (Building typology)

5.2 Identifying data required
The database used by PAS had three broad bases:
1. The service level benchmark (SLB)
2. The local action indicators (LAI)
3. The background data set
Services

Water
Supply

Waste
Water

Storm
Water

Solid
Waste

Equity

SLB

9

9

2

8

4

LAI

33

39

-

12

13

Table 4: Number of indicators present for each municipal service
Source: PAS.org

The study identified relevant indicators and data set for analysis of the variables which
included a total of 9 indicators and 24 data heads associated with them. The indicators
and data heads have been segregated according to three categories; for measuring
consumption, for classification of city and as the parameter to be used for analysis.

(Earlier envisaged for 35 indicators and 49 data heads. Refer annexure)
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Table 5: Required indicators identified for the study
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Table 6: Required data identified for the study

Variables derived for measuring consumption
The study is measuring consumption in relative and not absolute, as it becomes easier to
compare the cities with their peers. The study has considered the following units to
measure consumption.
3. Unit consumed for production of 1 Kilo-litre water-supply (kWh/m3)
Formula for water supply:
=Total units consumed annually/Total water supplied
•

Total units consumed annually= Electricity charges/Electricity rate

•

Total water supplied= (Coverage percent * Population)/ Per-capita
supplied
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The variation in unit consumed for production of 1 kilo-litre of water in the selected 93
cities has a spread between maximum consumption of 1.56 kWh/m3, to a minimum
consumption of 0.02 kWh/m3. The average consumption of the selected cities is 0.52
kWh/m3. The variation has been spatially depicted in the map below.

Figure 17: Unit consumed for production of water for 1 KLD (kWh/m3)

Source: PAS database
4. Unit consumed per 100-meter length of water-supply/waste-water network
(kWh/100m)
Formula for water supply:
=Total units consumed annually/ Total length of network
•

Total units consumed annually= Electricity charges/Electricity rate

•

Total length of network = trunk lines + transmission lines + distribution
lines

The variation in unit consumed 100 metre length of the water-supply network in the
selected 93 cities has a spread between maximum consumption of 9800 kWh/100m, to a
minimum consumption of 4.8 kWh/100m. The average consumption of the selected cities
is 2800 kWh/100m. The variation has been spatially depicted in the map below.
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Figure 18: Unit consumed per 100-meter length of water-supply network (kWh/100m)

Source: PAS database
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6

Assessment of electrical energy consumption in water supply
services

This assessment has used the tool of correlation to understand the level of association
between electrical energy consumption and variables, this has been denoted through ‘R’.
The linear regression analysis to understand level of dependency has been denoted
through ‘M’.

6.1 Assessment of electrical energy consumption at the gross urban scale

Figure 19: Assessment at gross urban scale part 1

The study envisages to fathom the association between the identified variables and the
electrical energy consumption considering all 93 ULBs. This will give an insight into
how the variables affect consumption at the gross scale i.e. whether consumption shares a
positive or a negative relationship, and by how much.
6.1.1

Unit consumed in production and supply of 1 KLD

Population density
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2.000

Total

1.000

0.000
0.000

50.000

100.000

150.000

200.000

250.000

300.000

350.000

400.000

-1.000
2.000

Gujarat

1.000

0.000
0.000

20.000

40.000

60.000

80.000

100.000

120.000

140.000

2.000

160.000

Maharashra

1.000

0.000
0.000

50.000

100.000

150.000

200.000

250.000

300.000

350.000

400.000

-1.000

TOTAL
-0.293
-0.002
0.004

R
M
P

GUJARAT
-0.135
-0.001
0.299

MAHARASHTRA
-0.320
-0.001
0.072

Table 7: Association between population density and unit consumed/kilo-litre

Population density shares a negative relationship with unit consumed in production of 1
kilo-litre water supply. The association is found to be stronger for the combined total
sample and in Maharashtra compared to Gujarat. This is because Gujarat ULBs have an
average density of 48 person per hectare compared to Maharashtra which has an average
density of 78 person per hectare. Whereas, the average unit consumed per kilo-litre of
water supply is lower in Maharashtra at 0.30 kWh, and higher in Gujarat at 0.63 kWh. In
the total sample, unit increase in density decreases energy consumption by 0.002 times
(p value significant). This is because typically, higher population densities allow
synergies in service provisioning leading to lower unit cost. Also referred to as ‘economy
of density’.

Urban morphology (Building typology)
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2.000

Total

1.000

0.000
0.000

10.000

20.000

30.000

40.000

50.000

60.000

70.000

80.000

90.000

2.000

100.000

Gujarat

1.000

0.000
0.000

5.000

10.000

15.000

20.000

25.000

30.000

1.500

35.000

40.000

Maharashtra

1.000

0.500

0.000
0.000

10.000

20.000

R
M
P

30.000

TOTAL
-0.162
-0.003
0.122

40.000

50.000

60.000

GUJARAT
-0.001
0.000
0.997

70.000

80.000

90.000

100.000

MAHARASHTRA
-0.057
-0.001
0.757

Table 8: Association between urban morphology (building typology) and unit consumed/kilo-litre

Urban morphology (building typology) shares a negative relationship with unit consumed
in production of 1 kilo-litre water supply. The relationship is not strongly related because
60 percent of the samples within the 93 cities have zero percent of households residing in
apartment blocks. When these samples are removed from the study, the scatterplot and
correlation show a strong negative relationship between the two. This is because energy
consumed has been accounted for only up to the apartment, and not individual
connection. The building level cost of pumping is not added to the municipal cost. In the
total sample, unit increase in density decreases energy consumption by 0.003 times (P
value not significant).

Area served
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2.000

Total

1.500
1.000

0.500
0.000
0

50

100

150

200

250

300

350

400

450

2.000

500

Gujarat

1.000

0.000
0

50

100

150

200

250

300

350

400

2.000

450

500

Maharashtra

1.000

0.000
0

50

100

TOTAL
-0.062
0.000
0.555

R
M
P

150

GUJARAT
-0.001
0.000
0.994

200

250

MAHARASHTRA
-0.044
0.000
0.809

Table 9: Association between Area served and unit consumed/kilo-litre

The relation shared between extant of area served and unit consumed in production of 1
kilo-litre water supply is negative, but very weak. It may be assumed that larger the area
served, lesser energy is consumed in production of water supply as unit cost of
production is lowered. This can be better explained through the principle of ‘economy of
scale’. None of the P values are significant for the same.

Population served
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2.000

Total

1.500
1.000

0.500
0.000

2.000

Gujarat
1.500
1.000
0.500
0.000

1.500

Maharashtra
1.000
0.500
0.000

TOTAL
-0.072
0.000
0.495

R
M
P

GUJARAT
-0.033
0.000
0.799

MAHARASHTRA
-0.143
0.000
0.435

Table 10: Association between population served and unit consumed/kilo-litre

The extant of population served shares a weak negative relationship with unit consumed
in production of 1 kilo-litre water supplied. Although the principle of ‘economy of scale’
is applicable in this variable, the decrease in consumption with increasing population is
very minimal, without a significant P-value.

Per-capita supply
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Total

2.000
1.500
1.000
0.500
0.000
0

50

100

150

200

250

300

2.000

350

Gujarat

1.500
1.000
0.500
0.000
0

50

100

150

200

250

1.500

300

Maharashtra

1.000

0.500

0.000
0

R
M
P

50

100

TOTAL
-0.025
0.000
0.809

150

200

GUJARAT
-0.075
-0.001
0.564

250

300

350

MAHARASHTRA
-0.039
0.000
0.833

Table 11: Association between per-capita supplied and unit consumed/kilo-litre

Level of services often direct energy consumption pattern. Per-capita supply is shown to
share a weak negative relationship with unit consumed in production of 1 kilo-litre water
supplied. The P-value is seen to be insignificant in all the samples. But it can visually be
seen that most of the cities with a higher supply of per-capita, fall in the lower end of
consumption bracket. The study assumes that optimum energy is consumed as
consumption is lowered with increase in volume of water supplied.
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6.1.2

Unit consumed per 100 metre length of network

Figure 20: Assessment at gross urban scale part 2

Population density
15000.000

Total

10000.000
5000.000
0.000
0.000

50.000

100.000

150.000

200.000

250.000

300.000

350.000

15000.000

400.000

Gujarat

10000.000
5000.000
0.000
0.000

20.000

40.000

60.000

80.000

100.000

120.000

10000.000

140.000

160.000

Maharashtra

5000.000

0.000
0.000
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50.000

100.000

150.000

200.000

250.000

300.000

350.000

400.000
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TOTAL
-0.066
-2.739
0.529

R
M
P

GUJARAT
0.080
4.514
0.539

MAHARASHTRA
-0.015
-0.372
0.934

Table 12: Association between population density and unit consumed per 100m length

Population density shares a negative relationship with unit consumed in 100 metre of
network length for supplying water. The plot shows that Gujarat behaves differently as it
shares a positive relationship with energy consumption (almost 4.5 times). This can be
attributed to factors like higher average per capita water supplied, higher average
coverage in Gujarat (82 percent) versus in Maharashtra (62 percent), and lower average
cost of production compared to Maharashtra. It should also be noted that in the given
sample, Maharashtra has 6 times the average number of house-holds in apartments
compared to Gujarat, whereas Gujarat is seen to have lesser average population density
and more sparse growth. Energy consumption is seen to decrease 0.3 times with increase
in population density in Maharashtra. Although the relationship is very weak in nature
and does not have a significant P-value.

Urban morphology (Building typology)

Total

12000.000
10000.000
8000.000

6000.000
4000.000
2000.000
0.000
0.000
12000.000

10.000

20.000

30.000

40.000

50.000

60.000

70.000

80.000

90.000

100.000

Gujarat

10000.000
8000.000
6000.000
4000.000
2000.000
0.000
0.000

5.000

10.000

15.000

20.000

25.000

30.000

35.000

40.000
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8000.000

Maharashtra

6000.000
4000.000

2000.000
0.000
0.000

10.000

20.000

30.000

40.000

TOTAL
-0.015
-1.983
0.883

R
M
P

50.000

60.000

70.000

GUJARAT
0.140
46.026
0.283

80.000

90.000 100.000

MAHARASHTRA
0.146
9.237
0.424

Table 13: Association between building typology and unit consumed per 100m length

Urban morphology (building typology) shares a negative relationship with unit consumed
per 100 metre of network length. Energy consumption decreases 1.9 times, although the
P-value is not significant. It is observed that Gujarat and Maharashtra do not share a
negative relationship. As explained earlier, this is predominant number of samples
having zero apartment connections. With exclusion of these samples, both the state’s
share a negative relationship with consumption. It is assumed that larger the number of
apartment, lesser is the municipal water supply network length, and lesser the municipal
energy consumption, notwithstanding the additional energy consumed at building level.

Area served
15000.000

Total

10000.000
5000.000
0.000
0

50

100

150

200

250

300

350

400

15000.000

450

500

Gujarat

10000.000
5000.000
0.000
0
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50

100

150

200

250

300

350

400

450

500
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Maharashtra

8000.000
6000.000
4000.000
2000.000
0.000
0

R
M
P

50

TOTAL
0.186
6.431
0.075

100

150

GUJARAT
0.242
8.095
0.061

200

250

MAHARASHTRA
0.255
7.518
0.159

Table 14: Association between Area served and unit consumed per 100m length

Energy consumption increases 6.4 times with unit increase in area served. In
Maharashtra, consumption is seen to increase by 8 times. Wherein, the P-value is slightly
significant for both.

Population served
12000.000
10000.000

Total

8000.000
6000.000
4000.000
2000.000

0.000

12000.000
10000.000

Gujarat

8000.000
6000.000
4000.000
2000.000
0.000
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8000.000

Maharashtra

6000.000
4000.000

2000.000
0.000

TOTAL
0.213
0.001
0.040

R
M
P

GUJARAT
0.243
0.001
0.059

MAHARASHTRA
0.306
0.001
0.088

Table 15: Association between population served and unit consumed per 100m length

Energy consumed increases by 0.001 times with per unit increase in population, therefore
exhibiting a positive relationship. The same has been observed in states of Gujarat and
Maharashtra with P-value being significant and almost significant in Maharashtra. The
cost of supply increases more with expanse in area compared to population.

Per-capita supply
12000.000

Total

10000.000
8000.000
6000.000
4000.000
2000.000
0.000
0

50

100

150

200

250

300

350

15000.000

Gujarat
10000.000

5000.000

0.000
0

50

50

100

150

200

250

300
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8000.000

Maharashtra

6000.000
4000.000
2000.000
0.000
0

R
M
P

50

100

150

TOTAL
0.164
8.615
0.116

200

GUJARAT
0.219
13.725
0.090

250

300

350

MAHARASHTRA
0.062
1.988
0.736

Table 16: Association between per-capita supplied and unit consumed per 100m length

Energy consumed increases by 8.6 times (P-value not significant) with increase in percapita supplied, therefore exhibiting a positive relationship. The same has been observed
in states of Gujarat and Maharashtra. In Gujarat, energy consumption increases by 13.7
times (low significance) and in Maharashtra by 1.9 times (not significant). This may be
due to the fact that average per-capita water supplied in Maharashtra is lower compared
to Gujarat.

6.2 Assessing variation in consumption for classified urban development
and service level parameters
With these inferences, the study dwells further into how variation in electrical energy
consumption occurs for classified parameters. The classification has been conducted
keeping in mind guidelines like URDPFI, Census, CPHEEO, service level benchmarks
and stratified sampling for other parameters.
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6.2.1

Population density

Figure 21: Variation in population density

Unit consumed per KLD has a negative relationship with population density for highly
dense cities (150 PPH to 75 PPH) where consumption decreases 0.002 times per unit
increase in density (Significant P-value). In medium dense cities, population density
shares a weak positive relationship energy consumption in supplying 1 KLD whereas in
low dense cities, it shares a weak negative relationship. This may be due to absolute
reduction in the volume supplied.

Unit consumed per 100 metre also shares a negative relationship high population density.
This shows that consumption decreases almost 14 times in highly dense areas
irrespective of the volume of water supplied. Whereas, energy consumed by the network
increases in mid-dense and low dense areas. This shows that lower the density, higher is
the cost per length for supplying water. The focus should be on the aspect of service
which is Unit consumed per length. It increases significantly in cities with lower density
compared to cities with a higher density.
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150-75 PPH
R
P
M

-0.4
0.018
-0.00219

R
P
M

-0.3
0.123
-14.64413

POPULATION DENSITY
74-25 PPH
kWh/KLD
0.1
0.727
0.00168
kWh/100m
0.1
0.399
0.00116

<25 PPH
-0.2
0.395
-0.01241
0.0
0.900
9.07978

Table 17: Association between variation in population density supplied and unit consumed

6.2.2

Urban morphology (Building typology)

Figure 22: Variation in building typology

Unit consumed per KLD decreases 0.01 times with unit increase in percent of households
in apartments. This shows that increase in apartments decreases municipal consumption
in supply of water. Whereas consumption increases 0.05 times with decrease in share of
house-holds living in apartments. This tells us that municipal consumption to supply
water is higher in cities with low rise and bungalows.
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In consumption per 100 metre length, the cost per length is lower by 2.6 times (P-value is
not significant) for cities with a larger share of apartments as water is not supplied to
every hpuse-hold, transferring cost at building level. Whereas, energy consumption
increases by 270 times (P-value significant) in low rise cities with a lower share of
apartments. It can be assumed that energy consumed up to every household is accounted
for. Thus, unit consumed for both production and supply is significantly higher in cities
with a lower share of apartments and low rise in nature.

R
P
M
R
P
M

URBAN MORPHOLOGY (BUILDING TYPOLOGY)
More than 15% share of
Less than 15% share of
apartments
apartments
kWh/KLD
-0.6
0.5
0.053
0.018
-0.00901
0.05053
kWh/100m
0.0
0.4
0.925
0.059
-2.68494
270.05303

Table 18: Association between variation in urban morphology (building typology) and unit
consumed
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6.2.3

Population served

Figure 23: Variation in population served

The unit consumed for production of water has a negative relation with the population
served. In cities classified under more than 1 lakh population served, between 99,999 to
50,000 and in cities with population served between 49,999 to 20,000, energy
consumption in production decreases with increase in population. This brings attention to
the fact that economy of scale brings in competitive advantage, lowering the per-unit
costs involved in production of 1 KLD water. In the cities classified with population
under 20,000, the energy consumption in production increases with increase in
population served. The per-unit cost involved in production of water is higher for smaller
cities with population lesser than 20,000.

The unit consumed per 100 metre network in supply of water is positively related to
population served more than 1 lakh and less than 20,000. While it is negatively related
for mid-level population served between less than 1 lakh and more than 20,000. It can be
assumed that very large and a very small base of population consumed more per network
length.

55

Assessment of factors affecting energy demand for water supply services

For smaller population base served (less than 20,000), consumption per KLD supplied is
seen to increase by 0.00005 times and consumption per 100 metre length is seen to
increase by 0.28 times significantly.

The focus in less on production but more on the unit consumed per length, where a
smaller set of population consumed significantly higher. And a medium set of population
is seen to consume lesser units, making us question if optimization of scale is equally
important in service level.

POPULATION SERVED
More than
1,00,000

Between
Between 20,00050,000-99,999
49,999
kWh/KLD

Less than
20,000

R

-0.2

-0.3

0.0

0.7

P

0.209

0.175

0.990

0.011

M

0.00000

-0.00001

0.00000

0.00005

kWh/100m
R

0.1

-0.1

-0.3

0.6

P

0.783

0.650

0.176

0.043

M

0.00015

-0.01679

-0.07055

0.28618

Table 19: Association between variation in Population served and unit consumed
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6.2.4

Area served

Figure 24: Variation in area served

Unit consumed for supply of 1 KLD shares a weak negative relationship with large area
served (more than 40 square kilometre), and a positive relationship with smaller areas
served (less than 10 square kilometre). Unit consumed for supply of 1 KLD increases by
0.06 times in smaller areas served.

Whereas, unit consumed per 100 metre network length of water shares a positive
relationship with area served, for both large and small areas. Consumption increases by
13 times for area more than 40 square kilometre and by 423 times for area less than 10
square kilometre. This is seen as an anomaly due to the sample set which belong mostly
to class C and D cities with sparse development.

Thus as observed earlier, medium are served consumes lower unit in production and
supply, bringing our attention back to the point on optimization of scale.
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AREA SERVED
More than
40 km2

Less than
10 km2
kWh/KLD

R
P
M

0.0
0.979
-0.00002

0.3
0.089
0.06395
kWh/100m

R
P
M

0.7
0.000
13.83017

0.3
0.148
423.61081

Table 20: Association between variation in Area served and unit consumed

6.2.5

Per-capita supplied

Figure 25: Variation in per-capita supplied

Unit consumed for supplying 1 KLD water shares a positive relationship with amount of
per capita water supplied. But it is observed that higher the per capita supplied, lower is
the energy consumption per unit. Similar conclusion is derived for energy consumed per
100 metre water supply network, albeit the energy consumption remains more or less the
name with increase of per-capita supplied.
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Thus, Unit consumed in production becomes lower progressively as per capita increases
But, Unit consumed per length is higher for both very low and very high. While it is
lower for medium volume lower i.e. higher than 90 and lower than 135 LPCD.

Upto 90 LPCD
R
P
M

0.1
0.650
0.00301

R
P
M

0.2
0.481
18.96258

PER-CAPITA
90 - 135 LPCD
kWh/KLD
0.0
0.949
0.00026
kWh/100m
0.1
0.500
15.91598

>135 LPCD
0.0
0.994
0.00002
0.3
0.263
17.69590

Table 21: Association between variation in per-capita supplied and unit consumed

6.2.6

Non-revenue water (NRW)

Figure 26: Variation in non-revenue water
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Unit consumed for supplying 1 KLD water and per 100-meter network length, shares a
weak negative relationship with cities having non-revenue water above 20 percent.
Whereas it is seen that consumption increases when non-revenue water is less than 20
percent. In unit consumed per 100 metre length, consumption increases 209 times with
decreases in NRW. While it is generally assumed that there will be a loss of energy with
higher share of non-revenue water, it is noted that a larger percent decreases the volume
of water and transmission losses, meaning lesser energy is consumed in supplying the
volume of water.

NON-REVENUE WATER
More than
20

Less than
20
kWh/KLD

R
P
M

-0.2
0.179
-0.01193

0.0
0.787
0.00490
kWh/100m

R
P
M

0.0
0.738
-19.23170

0.3
0.029
209.52253

Table 22: Association between variation in non-revenue water and unit consumed
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6.2.7

Source of supply

Figure 27: Variation in source of supply

The study shows that while source of water supply is not a big determinant in terms of
the unit consumed in production and supply of 1 KLD where both share a weak negative
relationship with similar variation in energy consumed. But when unit consumed per 100
metre length of water supply is considered, there is a considerable difference between the
two in terms of the decrease in consumption wherein cities relying on ground water have
lesser consumption by almost 36 times, while cities replying on raw bulk purchase have
lesser consumption by 10 times. This can be explained by the fact that ULBs rarely treat
ground water before supplying it, thus omitting the treatment costs that is incurred with
raw bulk purchase. Cities also purchase raw bulk supply from a source far away
accounting for energy consumed because of the distance.
SOURCE OF SUPPLY
MORE THAN 5% GROUND
WATER

MORE THAN 10% RAW BULK
PURCHASE

kWh/KLD
R
P
M

-0.2
0.296
-0.00252

-0.2
0.195
-0.00250
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kWh/100m
R
P
M

-0.4
0.015
-36.624

-0.2
0.453
-10.447

Table 23: Association between variation in source of supply and unit consumed
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7

Conclusion

In the Indian context, while municipal energy requirements are predicted to grow and
efforts for conservation remain abysmally low, the study has attempted to address the
field of energy consumption and conservation through macro level assessment. To
understand this, the study looked into two relative units of consumption to measure unit
consumed in production of water, and unit consumed per 100 metre length in supply of
water.

It was observed that unit consumed for production of 1 KLD water shared a negative
relationship with most of the parameters. The study establishes a weak negative
relationship with density where unit consumption decreases for every unit increase in
density. Similarly, it is observed that unit consumed per 100 metre length also shares a
weak negative relationship with density. This establishes that densification helps in
reduction of cost borne by services like water supply by reducing energy consumption.

The relationship between urban morphology (building typology) and energy
consumption is to understand how a higher share of apartments affect consumption. It
was observed that unit consumed for production of 1 KLD water shared a negative
relationship with urban morphology. At the same time, unit consumed per 100 metre
length of water supply also shared a negative relationship with urban morphology. Thus,
it is observed that less municipal energy is consumed in delivery of services to cities with
a higher share of apartments. This brings forth debates which revolve around whether
high rise help conserve energy or are more energy intensive at the building energy level.
This study limits itself to municipal level consumption, without assessment of building
level consumption.

The study also investigates services like per-capita water supplied to cities and their
relationship with energy. It was observed that unit consumed for production of KLD
water shared a negative relationship with per-capita water supplied. This brings out the
theory of economy of scale, as per unit cost decreases with higher volume supplied. But
for unit consumed per 100 metre length of water supply, the relationship shared is
63

Assessment of factors affecting energy demand for water supply services

positive in nature. This suggests that energy consumption increases with increase in
volume of water in the network.

Similarly, the study examines the relationship between energy consumed and area
served. While unit consumed for production of 1 KLD water reveals a negative
association between the two, unit consumed per 100 metre length of water supply shares
a positive association with energy consumed. This conveys that although unit cost of
production decreases with increase in area due to factors like economy of scale, units
consumed in pumping per 100 meter is higher with increase in area of supply. This can
also be attributed to the association shared with population served.

The study also assesses variations in the parameters. This has been conducted to interpret
principles that need to be focused on for optimal energy consumption in municipal
services at a macro scale. As a result, the variations have brought about the differences in
the pattern of consumption that could not have been acknowledged only through
assessment at a gross urban scale. This assessment has obtained the different levels of
association each variance in parameter displays, along with its level of dependency.

With the aim to understand the variation in energy consumption between highly dense
cities (between 150 PPH and 75 PPH), mid dense cities (between 74 PPH and 25 PPH)
and low dense cities (lesser than 25 PPH), the study examined their association with units
of electrical energy consumption. It was observed that energy consumed in production
and supply of water is lower in highly dense cities. This can be attributed to economy of
density which allowed the lowering of unit cost by enabling synergy of services. While
mid-dense and low dense cities are observed to consume higher energy. The study also
looks into the variation in urban morphology and its association with energy
consumption. As building typology is chiefly considered as the percentage of apartment
households for this study, the study essentially examines the effect of high rise on energy
consumption. The cities with a lower share of apartments (less than 15 percent residing
in apartments) have higher unit consumption of energy for production and supply
compared to cities with a higher share of apartments (more than 15 percent residing in
apartments). This goes on to suggest that municipal energy consumption is lesser in cities
with a higher share of apartment as the energy spent is up to the apartment itself, not the
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household. The study does not account for overall energy consumed, excluding building
energy.

Along with urban development parameters, the study also examines level of services to
understand its association with energy consumption. This has been assessed by exploring
the effect of area and population served, as well as municipal service level parameters
like per-capita supplied, non-revenue water and source of supply. The study deduces that
energy consumption per unit is lower in larger population served (above 50,000)
compared to cities with lower population served (lower than 20,000). This can be
attributed to the principal of economy of scale where unit cost of production is lowered
due to the scale. Although unit cost for supply is higher in both extremes, i.e. very large
population served (above 1 lakh) and very low population served (below 20,000).
Similarly, unit consumed for production is lower for large cities (above 40 square
Kilometre) compared to smaller cities (less than 10 square Kilometre), decreasing with
per unit increase in area. The unit consumed for supplying water increases with increase
in area for both large and small cities but the cost is optimised in larger cities where it
increases by 13 times compared to 423 times in smaller cities. The observations for percapita supplied are similar in the sense that although consumption shares a positive
association with per-capita supplied, the unit energy consumed is higher when lower percapita is supplied (less than 90 litres per person per day) compared to when higher percapita is supplied (above 135 litre per person per day). This brings attention to the
principle of economy of scale where higher the unit, greater the optimisation of energy in
municipal services.

Although it is assumed that issues like non-revenue water (NRW) affect energy by
increasing consumption, it was observed that cities with a higher NRW decreases
consumption while lesser NRW increases it. This is because a higher NRW leads to
higher volume of water being lost in transmission leading to lesser consumption in its
supply. Although this is not a measure for optimising energy, the parameters gives
insight on the function of energy with services. Whereas, in the subject of source of
supply also renders an interesting observation. Although there is no variation in energy
consumed for production when compared to reliance on ground water or from raw bulk
purchase, the unit consumed per 100 metre in supplying it is far lower for ground water
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dependent cities by 36 times due to cost spared on account of overlooking treatment.
This does not mean ground water reliant cities perform better on account of energy
consumption, but it informs us why ULBs might prefer quick fix solutions like ground
water extraction over purchasing water.
Thus, it can be synthesized in the following manner:

As a resource: The outcome of population density and building typology assessment
shows that cities need to aspire for compact development, with high densities, higher
built density and a higher share of high rise which would be a function of economy of
density.

Figure 28: Synthesis through the lens of resource

As a product: It is observed that per unit cost of production decreases significantly with
increase in the scale, which is a function of the economy of scale. This reduces per unit
consumption. But it may lead to dis-economies of scale, which currently the Indian cities
need not worry about.
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Figure 29: Synthesis through the lens of product

As a service: The outcome shows that unit cost per length is highest when scale is
smaller and higher when scale is large. But it is lowest when the scale is optimum. This
raises the question of whether decentralised approach needs to be adopted for electrical
energy optimisation. This approach for service provisioning ranges between:
Population served: 20,000 – 1,00,000
Area served: 1 – 30 Sq. Km
Per capita supplied: 90 – 135 LPCD

Figure 30: Synthesis through the lens of service

As a system: Through analysis of Ground water versus bulk raw supply and the NRW, it
is observed that decreasing energy consumption as a goal is not always beneficial when
water is viewed as a resource.
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Figure 31: Synthesis through the lens of a system

As discussed earlier, the relationship between spatial planning and energy is yet to be
acknowledged in programs and policy. It is necessary to address it effectively in the
National energy policy under a separate segment. It can be inferred that as a spatial tool,
compact cities as a function of densification and increase in share of high rise can help
cities reduce and optimise energy consumption. As a tool for service provisioning,
cluster-based approach needs to be explored. It also conclusively implies that economy
of density and economy of scale are driving principles to optimise unit cost of energy
consumption spatially.
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