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Abstract 

 

Municipal water supply systems account for the highest share of total electricity 

consumption out of the other energy-intensive municipal services (namely street 

lighting, wastewater treatment, and water supply). The energy-efficiency in the sector 

has majorly been looked in terms of design efficiency through technological 

interventions and operational efficiency through automated control systems.  

With the increase in urbanization, expansion of cities and densification are leading to a 

burden on existing infrastructure and an urgent need for additional basic infrastructural 

facilities is being felt. The study aims to explore the relationship between the urban 

form of a city and electricity consumption for the water systems. The study focuses on 

the city of Ahmedabad. The urban form of a city corresponds to urban development 

parameters such as the spatial distribution of water users, net plot density, network 

length, and population density. The pumping electrical energy use in the study has been 

divided into two parts- municipal level and building level (as the municipalities in India 

supplies water for a certain head pressure). 

The statistical tool of correlation was used to find the kind of relationship that exists 

and its significance. The value of correlation coefficient obtained at city level showed 

a strong positive relationship between the network length configuration and pumping 

energy (r= +0.633) while a very weak relationship with the population density (r= 

0.098). Municipal level pumping energy consumption doesn’t decrease much with the 

increase in density. The impact of which on building level pumping energy 

consumption showed a two-fold increase in mid-rise mid-density building typologies 

and 1.5 times increase in high rise high-density typologies against the baseline. The 

findings of the study at both, municipal level and building level electricity consumption 

pave the way forward for shaping Ahmedabad's future urbanization in an energy-

efficient manner. 

 

Keywords: Urban form; Water distribution systems; Energy consumption: Urban 

building stock 
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1 INTRODUCTION 

 

1.1 Background 

India is urbanizing, growing fast and so are its energy needs. By 2030, it is estimated 

that India’s energy need will grow by 50 percent. With the increase in energy demand, 

energy-efficiency (EE) is the critical path that needs to be adopted for the major three 

reasons:        

▪ The environment: reducing our reliance on limited energy resources. 

▪ The economy: sustainable economic growth and development of our cities and hence 

our country. 

▪ The cost on our pockets: fulfilling our energy needs by paying as little as possible 

and saving our bank balance for other essential investments required. 

For a developing country like ours, cities are the engines of growth both social and 

economic. The various activities that act as the drivers of the engines of growth i.e. 

cities are transport, industries, trade and commerce, communication, buildings, and the 

various infrastructure services. When we look at the energy-mix share (mainly 

electrical energy) for these demand sectors, buildings have the largest share of thirty 

percent. It is followed by the industry sector (25 percent), transport (15 percent), 

agriculture (15 percent), municipal sector (10 percent) and five percent for other cross-

sector energy demands. 

With the increase in urbanization, cities are subject to expansion and densification 

leading to pressure on the existing infrastructure, need for the additional infrastructure 

and the basic municipal services like water supply, drainage, and streetlights. Thus, 

with the growth of cities, energy demand for these municipal services is also increasing.  

Municipal services like street lighting, water supply, pumping of wastewater from 

wastewater network and treatment consume a considerable amount of electrical energy. 

In fact, when we study the municipal budget of the cities in India, municipal expenses 

on electricity bills for these services is second after the establishment costs. These 

energy-intensive municipal services often represent over 80 percent of a municipality’s 

total energy expenditure (Reshmi Vasudevan, Dr. Koshy Cherail, Cdr. Ramesh Bhatia, 

Nisha Jayaram, 2011). While the share of the capital investment required for such 
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municipal infrastructural services is the largest in the municipal budget, the investment 

required for the operation and maintenance of these services is often found inadequate 

(RBI, Accessed on 09-01-2019). These energy-intensive municipal services adversely 

affect the financial health and operating ratio of the urban local bodies (ULBs) along 

with the increase in the carbon footprint of the municipal sector services. With the 

reduced budget for the operation and maintenance of their services, the quality access 

to these services is also usually hampered.  

The reduction in energy demand and efficiency is of prime importance in the municipal 

sector. These services can account for 23% energy use efficiency in the country. 

Various studies have identified the potential energy conservation and efficiency in these 

service sectors as follows: 

▪ 15-40% in water supply systems (water supply and sewerage) 

▪ 25-30% in street lighting 

 

The above-mentioned fraction of energy saved and efficiency achieved in the two 

service sectors can help significantly in saving water and other scarce energy sources. 

It will also reduce the municipal expenses on electricity bills. The money saved can be 

channelized for other municipal services like health, infrastructure development, and 

poverty alleviation. At the same time, it can be used for upgrading the quality of life in 

urban systems with improved access to basic services like water supply, drainage, and 

electricity. 

While the financial, environmental and social benefit of municipal energy efficiency 

and energy saving is clearly understood, its co-relation with the spatial development 

pattern of a city, its location, topography, land use, built-use and urban density it serves, 

is yet to be explored for greater benefits. An important part in this nexus of urban 

development pattern and the municipal energy consumption is also the electrical energy 

consumption for these municipal services at an individual built level of each typology. 
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1.2 Project Description 

This DRP is a part of a larger project on energy efficiency in urban areas called 

iNUMBER (Integrated urban model for built environment energy research) by 

CARBSE, CEPT. The iNUMBER project is a four-year collaboration (2017-2022) 

between India and UK (London), to help cities reduce their energy demand and improve 

their electricity and water services (iNUMBER, 2018). It comprises of three work 

packages: 

WP1: Creating a 3D building stock model 

WP2: Incorporating municipal energy services 

WP3: Improving data granularity 

This project is a part of work package 2 (WP2). Ahmedabad municipal corporation 

(AMC) is an important stakeholder of the project. Therefore, the area chosen on a pilot 

basis is the major urban center and the capital city of Gujarat i.e. Ahmedabad. 

Ahmedabad is a ‘data rich’ city in terms of availability of time-series of data on 

electricity and water consumption. 

1.3 Problem statement 

As discussed in the background scenario and project description, this research project 

intends to explore:  

Is there any relationship between the urban development pattern of a city and 

electricity consumption by energy-intensive municipal services like water systems 

(i.e. both water supply, wastewater) and street lighting? 

 Aim and Objectives 

The aim of this research is the assessment of energy consumption in municipal services 

in relation to the urban form of a city. The findings of the research aim to inform city 

planners and urban local bodies the implications of the same in order to adopt the 

energy-efficiency measures at design, planning, and operations level accordingly. 
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1.3.1.1 Objectives 

In order to achieve the aim stated above, the study has the following identified 

objectives: 

1. To review the literature available on energy-efficiency in municipal services in 

India, zooming in the initiatives taken at the national level, state level (Gujarat) 

and then at ULB level (Ahmedabad Municipal Corporation (AMC)). 

2. Identifying the urban parameters other than financial parameters (electricity bills) 

that act as the drivers of energy-efficiency in municipal services. For instance: 

per capita electricity consumption (kWh/ca), units consumed per square 

kilometer of an urban area (kWh/sq.km), units consumed per km of network 

length (kWh/Km), etc. 

3. To test the relationship between the identified urban parameters and electricity 

consumption by energy-intensive municipal services. 

4. To identify the role of building stock as an important part of urban form in 

electricity consumption for service like water supply as: 

 Building level electricity consumption versus municipal level electricity 

consumption. 
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1.4 Research Methodology 

Figure 1: Research Methodology 
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The research methodology illustrated in Figure 1 shows the broad sequential steps 

followed at each stage of the research which has been an iterative process. The 

description of each stage is discussed in detail in the subsequent chapters.  

1.5 Scope and limitations 

As the scope of the study, the urban form and the municipal services within the AMC 

boundary area has only been taken for data collection and sampling. 

 

The study aimed at identifying the relationship between the identified urban parameters 

and electricity consumption by three energy-intensive municipal services i.e. 

1. water supply  

2. wastewater 

3. street lighting 

is limited to water supply pumping from water distribution stations (WDS) to the end 

users. 

AMC’s water works and water operation department collectively account for the 

highest share i.e. 60.6% in the total annual electricity consumption for the basic services 

like water supply, sewage treatment and street lighting (AMC E. E., 2017). Each of the 

municipal service mentioned above has a robust network of service delivery spread over 

a large area of the city administratively. Database preparation for testing the 

relationship requires complex datasets like command areas of WDS being served to be 

collected from AMC which further needs to be processed and digitized as per the 

requirement for the desired analysis. The whole methodology being complex for each 

service, as the scope of the study due to the time limitation of the thesis deadlines, the 

study is limited to the most energy-intensive service of the three i.e. water supply. 

Though 95% of the city area is covered under water supply network, the study is limited 

to the urban area covered under WDS command area mapped by water projects 

department, AMC and to the corresponding WDS for which SCADA (Supervisory 

Control and Data Acquisition) data for electricity consumption is available for 2018. 
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2 LITERATURE STUDY 

 

2.1 Post-Independence national EE initiatives 

The energy-efficiency initiatives taken in India since the post-independence era can be 

divided into five major phases: 

1. Post-independence till 1970 (1947-1970) 

2. 1970-1980 

3. 1980-1990 

4. 1990-2000 

5. 2000-till present 

 

1. Post-independence till 1970 (1947-1970) 

 

 

Source: Prepared by Author based on (Reshami Vasudevan, Dr. Koshi Cherail, Cdr. Ramesh 

Bhatia, Nisha Jayaram, 2011) 

Figure 2: Timeline of post-independence (1947-1970) EE initiatives  

 

The 18th century was the phase of industrial growth in India. Fifteen-twenty years 

after independence, the main aim of the government was to meet the growing 

demand for energy and electricity for the industrial-economic growth and post-war 

reconstruction. Identifying the source of energy and power supply. Managing the 

supply side of energy was an initial focus. Some of the important events that took 

place are illustrated chronologically in Figure 2. 
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2. 1970-1980 

 

Source: Prepared by Author based on (Reshami Vasudevan, Dr. Koshi Cherail, Cdr. Ramesh 

Bhatia, Nisha Jayaram, 2011) 

For the very first time, energy conservation became a matter of national interest 

in India when there was a global oil crisis due to war between Israel and a 

coalition of Arab states in 1970. This resulted in the worldwide rise in the price 

of oil and petroleum products. 

To tackle with which was a problem for oil-importing developing countries like 

India. Rationing was introduced for the first time in the world market. 

With the growing economy, reduction in consumption was a major challenge in 

India. In fact, every sector like housing, infrastructure development, 

transportation, agriculture depended on the energy inputs. So, the only option 

available was conservation. The step taken was creating awareness among the 

fore players like oil and petroleum ministry and power sector to a smaller extent. 

Some of the important events that took place are illustrated chronologically in 

Figure 3. 

 

3. 1980-1990 

This decade was majorly the phase of institutional and financial reforms as 

illustrated in Figure 4 timeline. 

 

 

 

 

Figure 3: Timeline of EE initiatives: 1970-1980 
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Source: Prepared by Author based on (Reshami Vasudevan, Dr. Koshi Cherail, Cdr. Ramesh 

Bhatia, Nisha Jayaram, 2011) 

4. 1990-2000 

This decade was majorly the phase of legislative reforms as illustrated in Figure 

5 timeline. 

 

Source: Prepared by Author based on (Reshami Vasudevan, Dr. Koshi Cherail, Cdr. Ramesh 

Bhatia, Nisha Jayaram, 2011) 

Figure 5: Timeline of EE initiatives: 1990-2000 

 

5. 2000-2018 

Major statutory reforms at the national level in the area of energy conservation 

and energy-efficiency for the various sectors other than oil and petroleum 

industries took place in the last fifteen years. The timeline is depicted below: 

 

Figure 4: Timeline of EE initiatives: 1980-1990 
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Source: Prepared by Author based on (Reshami Vasudevan, Dr. Koshi Cherail, Cdr. Ramesh 

Bhatia, Nisha Jayaram, 2011) 

Figure 6: Timeline of EE initiatives: 2000-till present (2018) 

2.2 Municipal energy-efficiency initiatives  

From the above timeline, it is very evident that energy conservation and energy-

efficiency for the Demand Side Energy Management (DSM) became a priority after the 

enactment of Bureau of energy-efficiency (BEE) as a statutory body under the Energy 

Conservation Act 2001 and Electricity Act 2003. The major initiative was taken by 

BEE during the Eleventh five year plan (2007-2012) by launching the Municipal 

Demand Side Management Scheme (MuDSM) in 2007 and inclusion of municipal 

sector for National Energy Conservation Award in 2008. 

 

 Municipal Demand Side Management Scheme (MuDSM) 

The scheme was a step taken by the national government to help the 171 ULBs in the 

twenty-three states of the country in enhancing their efforts towards energy 

conservation and energy-efficiency by: 

• Conducting a situational survey in 171 ULBs of 23 states. 

• Grading of ULBs on the basis of  5 parameters and 100 points for energy audits 

by conducting a situational survey in the 171 ULBs. Priority was given to the 

ULB which didn’t qualify the parameters of the survey (parameters discussed 

below). 

• Preparation of bankable detailed project report (DPR) of 134 ULBs. 

  



Energy Consumption in Municipal Services 

 27 

 

Source: Prepared by Author based on (Asia, TUV SUD South, 2008) 

The grading system adopted with parameters and corresponding grade points is shown 

below: 

 

Source: Prepared by Author based on (Asia, TUV SUD South, 2008) 

 

Thus the major parameters of the system were :                                    

1. Energy-efficiency projects/initiatives taken in the fours major sectors of 

municipal services – buildings, water, sewage, and street-lights. 

2. Presence of energy cell. 

3. Energy Bills 

4. Budget allocation for energy consumption activities. 

5. Population/per capita energy consumption. 

  

Figure 7: Components of Municipal Demand Side Energy Management (MuDSM) situational Survey 

Table 1: MuDSM grading criteria and points system 
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2.2.1.1 Overall findings of MuDSM Situational survey 

▪ Only 9 ULBs out of 171 have energy cells to focus on the energy efficiency 

of municipal services. 

▪ Out of the total identified potential projects, the maximum potential exists 

in the building sectors followed by water sector, street lighting and then the 

sewage sector. 

▪ Gujarat, Maharashtra, and Rajasthan were identified as the top states with 

the most focus on energy efficacy at the planning level for the municipal 

services. This was on the basis of the parameters identified for the survey. 

 

2.2.1.2 MuDSM survey findings for Gujarat 

As per the states aggregate score, Gujarat stood 

third in the list of 23 states. Ten ULBs were 

selected from Gujarat for the energy audit in two 

groups (Group 5 & 6: as per the survey format), 

selected randomly as shown in Map 2below: 

Source: Prepared by the author based on 

MuDSM Score 

Source: Prepared by the author based on (TUV SUD 

South Asia, 2008) 
 

 

 

  

 

Ahmedabad was not selected for the study because of the ULBs relatively high 

level of efforts in EC and EE projects. 

Map 1: Mapping of states as per MuDSM grading score 

Map 2: ULBs in Gujarat selected for energy audit 

under MuDSM 

Group 5: Vadodara, Bhavnagar, Himmatnagar, 

Porbander, Bhuj. 

 
Group 6: Rajkot, Surat, Jamnagar, Navsari, Valsad 

 



Energy Consumption in Municipal Services 

 29 

Potential projects were identified for 10 ULBs as shown in Error! Not a valid 

bookmark self-reference.. But the lack of institutional capacity for the implementation 

of these projects both in the form of state identified designated agencies (SDAs) and 

EE cell, was the major challenge in 9 out of 10 ULBs.  

 

 

Source: (TUV SUD South Asia, 2008) 
                                                                               

 

2.2.1.3 MuDSM Project inferences 

Being the very initial step taken in the sector of EC and EE at such a large scale, it 

lacked in coming up with a comparative grading of states. The state’s score depended 

on the number of ULBs selected for the survey. The implementation of the results of 

the audit was dependent on the state and ULB, both financially and institutional 

capacity wise.  

 

Building on the shortcomings of the BEE’s MuDSM programme, Alliance for energy 

efficient economy under the guidance of BEE and NITI Aayog published India’s first 

‘State energy-efficiency Index’ for thirty states in 2018. 

  

Graph 1: Potential EE projects identified in the 10 ULBs of Gujarat. 
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2.3 State energy-efficiency Index 

The refined objectives focus on creating a healthy competition between the states, index 

the states as ‘Front runner’, ‘Achiever’, ‘Contender’ and ‘Aspirant’, check the readiness 

of the states in implementing the EE policies and programmes. The index includes 5 

major demand sectors along with the DISCOMs. The weightage to each sector was 

given depending on their share in energy consumption. The below shows the parameters 

taken in each sector with their weightages. 

Source: (NITI Aayog, BEEE, AEEE, 2018) 
Figure 8: State Energy Efficiency Index: sector wise score allocation 

 Gujarat’s stand in the Index  

As identified in the MuDSM survey 

programme, Gujarat with the third 

highest score which meant higher 

potential in terms of potential EE 

projects. Gujarat has been indexed as 

the ‘ACHIEVER’ in the AEEE’s State 

EE Index as shown in Map 3. 

 

 

 

 

                                                                            Source: (NITI Aayog, BEEE, AEEE, 2018)    

                                Map 3: Mapping of states as per State Energy Efficiency Index. 
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2.4 Gujarat’s Municipal EE project (MEEP)           

Gujarat’s state government appointed Energy Services Company (ESCO) and Energy 

Efficiency Services Ltd. (EESL) as the nodal agencies for the implementation of EE 

projects. It signed up for EESL’s MEEP programme in 2016 under which: 

▪ LED street lighting has been implemented through the Street Light National 

Programme under PM Narendra Modi’s UJALA (Unnat Jyoti by Affordable 

LEDs for All) scheme. 

▪ Implemented LED programme for rural areas and additional subsidies for LED 

bulbs. 

With ESCO, it has implemented EE water pumping under BEE’s MuDSM 

programme. 

Inferences for Gujarat: With the efficient urban local bodies and state development 

agencies (SDAs) in place (Gujarat Urban Development Agency in case of Gujarat), 

there lies an immense scope in upgrading its index from ‘Achiever’ to ‘Front runner’. 

As recommended, states should set EE targets for the cities. The vigilant and data-

rich cities like Ahmedabad in this sector can be developed as a model in managing 

their energy footprint.  

There is no mandate in EC Act for states to direct ULBs to take EE measures, but since 

states have control on municipalities, therefore, they have the ability to enable EE in 

municipalities (AEEE, 2018). 

 

 Ahmedabad city’s EE initiatives          

In AMC, two major departments play an important role towards energy conservation 

and energy efficiency in the municipal services. They are: 

1. Light Department 

 

Energy Efficiency Cell (EE Cell) was formed under the light department to address 

energy conservation issues and thereby minimize the ever increasing energy 

consumption by all ways possible. The major activities undertaken by EE cell for the 

municipal services as per the AMC website (Corporation, viewed in 2019) are: 

 



Energy consumption in Municipal Services 

32   

▪ Energy bill analysis for tariff rationalization. 

▪ Energy audit at different AMC services such as pumping stations, office 

buildings, Hospitals, Public gardens, etc. To suggest different Energy 

Conservation Measures like DSM (Demand Side Management), Power Factor 

Improvement, Replacement of old inefficient machinery and proper lighting. 

▪ Establishing contacts with various government organizations related to energy 

sectors such as GEDA, GUVNL, and GERC. 

▪ To study different energy conservation projects and submit a feasibility report. 

▪ Publishing energy conservation related circulars on AMC's public domain from 

time to time for the awareness of AMC's employees. 

▪ For new and upcoming projects having electrical loading more than 30 KW, 

E.E. Cell suggests different energy saving methods wherever applicable. 

2. Water Operation (Electrical & Mechanical): Initiatives taken by the 

department are (Corporation, viewed in 2019) 

▪ Power Factor improvement 

▪ Works related to energy efficiency 

▪ Energy audit 

Projects are undertaken by the department aimed at EE: Supervisory 

Control and Data Acquisition (SCADA) installation at 185 water distribution 

stations as per 2019 data. 

 Ahmedabad Smart City’s EE initiatives 

As per the smart city guidelines, a smart city should have at least 10 percent of its 

electricity consumed, generated by renewables and electricity saved through EE 

measures such as LED street lights, water-energy audits, household energy audits, etc. 

In the case of Ahmedabad the EE initiatives include the following (Smart city website, 

2016): 

▪ Service monitoring through the Integrated Command and Control Centre 

(ICCC). 

▪ SCADA in water supply- Continuous water audit and central monitoring 

system through flow meters; identification of leakages. 

▪ SCADA in sewerage- To monitor a variety of SPS/STP data including 

flows, motor currents, water levels, voltages, and pressure.     

▪ Incentives in the rate of chargeable FSI for the EE buildings (Green 

Building) as 5% discount in the total payable amount. 
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3 URBAN FORM AND ELECTRICITY CONSUMPTION 

 

The objective of studying the relationship between the urban form of a city and the 

electricity consumption by municipal services like water systems taking Ahmedabad 

as a case can be decoded into three important components which are- 

1. Understanding the urban form of Ahmedabad (for the past two decades). 

2. Understanding the scenario of water supply infrastructure system in 

Ahmedabad. 

3. Understanding the electricity consumption measurement system in place, for 

e.g. SCADA. 

3.1 The urban form of Ahmedabad 

The study focusses on understanding the urban form of Ahmedabad particularly in the 

past two decades after the sanction of development plan 2002 for the horizon period 

2011, development plan 2011 for the horizon period 2021 in order to assess how the 

current urban form of Ahmedabad has evolved. But before getting into the nitty-gritty 

of that, it becomes to answer two important questions: 

1. What do we understand by the urban form of a city? 

2. What elements make the urban form of a city different from another? 

It becomes important to answer these questions in order to understand and define the 

scope of the study when we refer to the urban form of Ahmedabad. 

 

The term “Urban form” generally refers to the physical characteristics that make up a 

city (Nicola Dempsey, Caroline Brown, Shibu Raman, Sergio Porta, Mike Jenks, Colin 

Jones, Glen Bramley, 2009). But on the basis of various other description available in 

the literature, urban form not only depends on the physical characteristics but also the 

underlying social, economic, planned and unplanned growth processes, demographic 

processes that influence the urban form and give a city a distinct urban form. 

Depending on the nature of the study, the urban form can be understood in two 

important aspects: the external urban form and the internal urban form. The external 

urban form is referred for inter-city comparison studies which look at size and shape of 

the city (for e.g. linear, radial, grid-iron, ring-radial, etc.). The internal urban form looks 

more closely at the internal structure of the city i.e. land use, built-use, density, 
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decentralization of services etc. (Chakraborty, Mousumi, 2009). Thus the main five 

broad categories of elements identified that make up the urban form of a city different 

from another include: 

Source: Prepared by the author based on (Nicola Dempsey, Caroline Brown, Shibu Raman, Sergio 

Porta, Mike Jenks, Colin Jones, Glen Bramley, 2009) 

 Urban form as a function of land development 

The evolution of the urban form of Ahmedabad has been a result of many historic events 

(organic and statutory), chronologically which have been summarized in Table 2. 

 

Table 2: Evolution of urban form of Ahmedabad 

Source: Prepared by the author based on (Vikashsaini79, 2014) 

Year Event/s Urban Form 

1411AD The historical origin of Ahmedabad city dates back 

to the year 1411AD when Sultan Ahmed Shah built 

citadel defining a periphery to the city limits. The city 

with its enclosing wall got structured into wards, 

organized by 12 main roads each terminating at a gate 

in the wall. 

Historic Walled 

city along the 

eastern bank of 

Sabarmati river  

1487AD Mahmud Begada, the grandson of Ahmed Shah, 

fortified the city with an outer wall 10 km in 

circumference, consisting of twelve gates, 189 

bastions, and over 6,000 battlements. 

Fortified walled 

city 

1860 With the coming of the railway, development began 

to spill over (beyond the city-limits) towards the 

northeast and southeast of the walled city. 

Industrial and 

residential 

development 

started sprawling 

beyond the 

historic city limits 

1861 The first textile mill was started by Ranchhodlal 

Chhotalal. This also resulted in the industrial and 

Figure 9: Elements of urban form 
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residential development across the western side of 

the Sabarmati River. 

across the western 

side of Sabarmati 

river. 

 

1950 The city municipality was given the status of 

Ahmedabad Municipal Corporation (AMC). 

Eastward and 

Southward 

expansion of the 

city. 

1965 First sanctioned development plan of Ahmedabad 

was prepared in 1954 under BTPA of 1950. 

Restricted zoning, 

the green belt was 

introduced to 

control the urban 

sprawl. 

1980 Until 1980, Ahmedabad was known as the 

Manchester of East, but the textile industries began 

to decline in the late 1980s. 

Service sector and 

the commercial 

sector began to 

flourish. 

1987 The second sanctioned development plan of 

Ahmedabad was prepared in 1976 under 

GTPUDA of 1976. 

Planning efforts 

made from time to 

time in order to 

facilitate the 

development and 

urban form. 

2002 The development plan was revised. 

2012 The fourth development plan was prepared for 

the horizon period of 2021. 

 

From the above series of events, it is evident that Ahmedabad as a city has quite a 

diverse urban character in terms of having a historic core. To the development of 

infrastructure (for e.g. railways, roads, and bridges) leading to growth in the industrial 

sector along with the residential sector.  

The rapid growth in the urban sprawl of Ahmedabad has been facilitated by 

statutory planning processes like development plan/town planning scheme 

mechanism and other development policies from time to time. And, hence 
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Ahmedabad is considered to be one 

of the most planned city today when 

compared to other cities in the state 

and the country 

Demographic and administrative 

(layout) evolution  

The rapidly expanding Ahmedabad 

city saw a   decadal growth of 22% 

from 1991 to 2001, with an annual 

growth of 2.2% in the population1. 

Based on Census 2001, Ahmedabad 

had a population of 3.5 million spread 

within the municipal boundary of 191 

sq.km. with a population density of 

184 persons per hectare. Average 

household size was 5.08. The 

Ahmedabad Municipal Corporation consisted of forty-three census wards (Adhvaryu, 

2011) as shown in map1.  

 

The urban built-up covered an area of about 185 sq.km. (Patricia Clarke Annex, 2012) 

i.e. 97% of the total municipal area. 

 

In 2006, AMC boundary was extended to cover an area of 464 sq.km. (Adhvaryu, 

2011). The surrounding peripheral area under Ahmedabad Urban Complex (AUC) got 

included in the municipal boundary and the number of wards increased to sixty-four 

Map 5. 

 

Due to the inclusion of surrounding AUC area in municipal boundary, the population 

of AMC registered as per census 2011 was 5.5 million spread over an area of 464 sq.km. 

The decadal growth in population from 2001 to 2011 cannot be calculated due to change 

                                                 

1 AMC population as per Census 1991 was 28, 76,710, which increased to 35, 20,085 in 2001 as per 

Census 2001. Thus AMC (191 Sqkm.) experienced a decadal growth of 22% and an annual growth of 

2.2% approximately in population. 

 

AMC area 191Sqkm: Ward 1-43 

AUC area excluding AMC wards approx. 319Sqkm 

Map 4: AMC and AUC 2001  

Source: (Adhvaryu, 2011) 
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of municipal boundary in 2006. However, there was an absolute increase of 20, 50,500 

in population from 2001 to 2011. The population density in 2011 was 120 persons per 

hectare. The urban built-up covered an area of about 212 sq.km.  (Patricia Clarke 

Annex, 2012) i.e. 46% of the total municipal area (464 sq.km.). 

In 2015, AMC ward boundaries were 

again redefined. Sixty-four wards 

spread within the municipal boundary 

of 464 sq.km got reorganized into 

forty-eight wards Map 6. The current 

forty-eight wards are clubbed into six 

zones2 for administrative purposes. 

The evolution of population and built 

areas in AMC over the period of the 

census year 2001 and 2011 has been 

summarized in Table 3. 

 

Source: (AMC, 2018) 

 

The study focuses on the urban form within the six zones and the corresponding 

forty-eight wards as per 2015 revision for reference, data collection, and sampling. 

The classification and characteristics of six administrative zones are briefly 

discussed below with the help of Map 7 so that the relationship obtained after the 

analysis can be reflected back.  

                                                 

2 Recently, in 2018, New West Zone got subdivided and hence currently AMC has seven zones. But, this study 

considers the six zones only as the data till the year 2018 was available as per the six administrative zones. 

AMC  1991 2001 2011 

Area (sqkm)  191  191  464 

Population 28,76,710 35,20,085  55,70,585 

Built-up area 

(sq.km) 

   185   212 

Built%   97% 46% 

Decadal Growth 

Rate (%) 

  22% 
 

Population Density 

(persons/ha) 

  184 120 

Table 3: AMC population and built area 2001, 2011 

Map 5: AMC 2011 (464 sq.km): 64 Wards Map 6: AMC 2015 (464 sq.km): 48 Wards 
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                                 Source: Prepared by the author 

                       Map 7: AMC Zones and Wards 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SOUTH ZONE 
Annual pop. GR: 2.90% 

Zone characteristics: 

Known for major lung spaces of the city like Kankaria lake front development. The 

major built-use and typology in the zone is low rise residential, slum type informal 

settlements, mixed use commercial and residential, light and heavy industries.  

CENTRAL ZONE 
Annual pop. GR: -0.28% 

Zone Characteristics: 

old walled city area, The 

building typology is 

predominantly low-rise 

high-density pol housing 

and other heritage 

structures. 

NORTH ZONE 
Annual pop. GR: 1.40% 

Zone Characteristics:  

Primarily known for fast 

developing industrial area 

in Naroda. 

EAST ZONE 
Annual pop. GR: 1.20% 

Predominantly industrial. 

 

WEST ZONE 

Annual pop. GR: 2.30% 

Zone characteristics: 

Ashram road which is proposed to developed as the CBD (Central Business District) of 

the city. Initially with major mid-rise building typology, many buildings are getting 

redeveloped into high-rise buildings with the introduction of Transit oriented 

development policy. Another major typology is the institutional buildings like Gujarat 

University, CEPT University etc. 

NEW WEST ZONE 

ANNUAL POP. GR: 3.90% 

Zone Characteristics: 

New west zone is like an extension of west zone comprising of fast growing suburbs 

like Gota, Jodhpur and Sarkhej. Bodakdev is a commercial hub. The built-use is 

predominantly low-rise residential comprising of bungalow societies, farmhouses, 

pockets of gamtal areas and affordable housing. 
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Source: https://cdn.homeonline.com/public/uploads/editor-images/images/Ahmedabad-

Topbanner.jpg 

Figure 10: Ahmedabad aerial view (Spatially, Sabarmati divides Ahmedabad into two halves: 

Eastern and Western Ahmedabad) 

 Urban form as a function of density 

After getting a brief understanding of the 

evolution of the current form of 

Ahmedabad administratively and 

demographic evolution till the census 

year 2011. In order to know the current 

population distribution, population 

projection was done ward wise by trend 

based population projection and density 

based population projection method 

using the annual population growth rate 

for each zone as discussed above. On the 

basis of projected population for the year 

2018, the population density of each 

ward was calculated and mapped in order 

to find out the ward with highest, lowest and average population density (Table 4) and 

the density ranges in which the forty-eight wards fall. 

 

Source: Prepared by the author based on projected populated 2018 (for both Map 8 and Table 4) 

Table 4: Wards classification as per population density 

 

 

 Highest density Average density Lowest density 

2018 Gomtipur(1182) Sabarmati (143) Danilimda (8) 

2011 Gomtipur(1095) Nikol (120) Gota (10) 

Map 8: AMC population density 2018 ward wise 
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The forty-eight wards of AMC can be categorized into the following density groups: 

 

Table 5: Wards classification as per population density ranges 

DENSITY 

(persons/ha) 

WARDS  

<120 Nikol, Maninagar, Bodakdev, Maktampura, Thaltej, Jodhpur, 

Naroda, Vastral, Sarkhej, Vatva, Chandkheda, Isanpur, Gota, 

Danilimda, Lambha, Ramol (16) 

121-160 Sabarmati, Chandlodia (02) 

161-200 Ranip, Nava Wadaj, Amraiwadi, Sardarnagar, Navrangpura (06) 

201-500 Kubernagar, Asarwa, Paldi, Bapunagar, Stadium, Vasna, Shahibaug, 

Naranpura, Ghatlodia, Saijpubogha, Behrampura, Thakkarbappa 

Nagar, Vejalpur (14) 

>500 Gomtipur, Bhaipura, Viratnagar, Dariyapur, Shahpur, Jamalpur, 

India Colony, Odhav, Khadia, Khokhara, Saraspur Rakhiyal (13) 

 

3.2 Water supply infrastructure system in Ahmedabad 

Basic Infrastructure facilities like water systems, roads is acknowledged as an important 

part of urban form (Nicola Dempsey, Caroline Brown, Shibu Raman, Sergio Porta, 

Mike Jenks, Colin Jones, Glen Bramley, 2009). Water supply infrastructure system in 

any city comprises of the following main elements:  

 

                                                Source: Prepared based on (US, EPA, 2013) 

 

The scenario in the case of Ahmedabad city is presented below in Table 6: 

Source: (AMC, Water Project and Water Production, 2018) 

Table 6: Sources of water and treatment plants 

 

 

                                                                             

WATER TREATMENT 

PLANT (WTP) 

SOURCE OF RAW WATER FOR 

THE WTP 

KOTARPUR WTP Narmada main canal - HR(Gravity-I ) 

2 Intake well I at Kotarpur  

3 Intake well II at Kotarpur 

JASPUR WTP Dholka branch canal 

DUDHESWAR WTP Sabarmati River 

RASKA WTP Shedhi branch canal 

  French wells 

  Borewells 

Treatment facility 

Water Distribution Stations 

Trunk/main line 

Distribution line 

ESRs/GSRs 
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Water treated from the different water treatment plant is supplied to around 2263 water 

distribution stations (WDS) spread spatially across the city as shown in Map 9 and zone 

wise distribution for O & M purposes as given in Table 7 below.  

 

Table 7: Total no. of WDS 

zone wise 

 

 

 

 

                

 

    

                                                                                      Source: prepared based on (AMC, 2018) 

 

 

Thus, the city has an area of 442Sqkm covered by water supply network (AMC, C-

WAS, 2018) i.e. AMC has 95% water network coverage by area which comprises 

of around 250Km of trunk main facility and 3600Km of distribution network facility 

(AMC, Water Project and Water Production, 2018). A decentralized system of four 

major treatment plants supplying water to around 226 WDS spread across the city 

provides around an average of around 1,330MLD (180MLD groundwater, 1,150MLD 

surface water) volume of treated water daily (AMC, C-WAS, 2018). 

 

 

 

  

                                                 

3 Total number of Water Distribution stations have been calculated with a combination of number of WDS under 

SCADA monitoring currently and a map obtained through AMC water projects department. 

Zone Total WDS 

WZ 37 

NWZ 51 

NZ 34 

EZ 39 

SZ 45 

CZ 20 

Total 226 

Map 9: Location of WDS in AMC zone wise 
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3.3 Electricity consumption 

AMC’s water works and water operation department collectively account for the 

highest share i.e. 60.6% in the total annual electricity consumption for the basic services 

like water supply, sewage treatment and street lighting (AMC E. E., 2017). The 

department-wise share is shown below: 

 

 

 

 

Graph 2: Department wise electricity consumption 

 

In the entire water supply value chain, energy is a need at each stage i.e. from raw water 

extraction, treatment, conveyance and distribution to the end users which is depicted in 

the figure below: 

 

 

 

Source: (US, EPA, 2013) 

Figure 11: Average electricity consumption in a water supply chain 

 

As illustrated in the figure above, the total average energy usage for a typical water 

supply network is around 0.3962kWh/m3 (1500kWh/MG) (US, EPA, 2013).  

• Source to Treatment: 0.0264kWh/m3 (100kWh/MG) | 6.7% of the total 

consumption 

• Treatment to WDS: 0.0660kWh/m3 (250kWh/MG) | 16.6% of the total 

consumption 

• WDS to End User: 0.3038 kWh/m3 (1,150kWh/MG) | 76.7% of the total 

consumption 

Thus, the electricity required to pump water from WDS into the network to supply 

it to the end users is the highest in the entire supply chain. 

Water 

Works 

Water 

Operations 

ST

P 

Street Lights 

18.34% 42.26% 14.81% 24.59% 

SOURCE INTAKE: 

Groundwater/Surface 

water extraction 

TREATMENT 

STORAGE/DISTRIBUTION 

Pumping 

Pumping 

END USERS 

0.0264 kWh/m3 

6.7% 

0.0660 kWh/m3 

16.6% 

0.3038 kWh/m3 

76.7 % 
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Water systems in AMC pumping groundwater consume an average of 700 kWh 

annually and 100 kWh for surface water pumping (Operations, Electricity consumption 

in AMC water supply systems, 2019). But pumping in total, either for groundwater 

or surface, water extraction accounts for 90-99% of electricity consumption in the 

entire water supply system (US, EPA, 2013). 

Factors affecting pumping electricity consumption  

With the highest share in electricity consumption, it becomes important to look at the 

various factors affecting the power consumption for energy-efficiency in water supply 

systems. The power consumption in pumping depends on factors like the type of system 

in place (pumps/motors)4, age of the infrastructure in place, topography and the 

command area it serves. 

But, the two major factors pumping electricity consumption depends on: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 

4 The CPHEEO manual on Water Supply and Treatment, 1999 provides guidelines for the selection of 

pumps/motors for a particular WDS. The selection majorly depends on present and projected demand 

and pattern of change in demand, type of duty required, i.e. whether continuous, intermittent or cyclic, 

details of head and flow rate required etc. 

Pumping system in place i.e. 

pumps/motors 

Equipment’s efficiency 

CPHEEO manual on water 

supply and Treatment, 

1999 mentions the system 

and mechanical factors 

responsible for excessive 

power consumption for 

different pump types. 

Chapter 11: Pumping 

Stations and Machinery 

(Table: 11.7, 11.8, 11.9), 

of CPHEEO manual can 

be referred to for more 

details. 

 

Urban form of the command 

area being served 

Operation’s efficiency 

Various studies show that automation systems save water, 

energy and operation costs, improves service and hence 

lengthens equipment’s life. Automation handles 

operational functions in real time. 

A properly designed automation system interventions like 

SCADA for water pumping offers following achievable 

saving ranges: 

• Water savings: 10% 

• Power Savings: 12-30% 

• Reduced maintenance and personnel cost: 15-30% 

                                                    Source: Invalid source 

specified. 
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 AMC’s water operation department 

commissioned SCADA (Supervisory Control and 

Data Acquisition) for the automation of its vast 

Water Distribution Network under Smart City 

Mission. Currently, in 2019, approximately 185 

out of an estimated 226 WDS (81%) are under 

SCADA monitoring (Operations, Electricity 

consumption in AMC water supply systems, 

2019). For operation and maintenance purposes, 

zone wise distribution is given in Table 8. 

                                                                     

 SCADA: Electricity consumption measurement unit 

AMC’s SCADA monitoring center is stationed in the premises of Stadium WDS. The 

monitoring of all WDS under SCADA takes place 24X7. The data collected is reported 

in the following three formats: 

 

Figure 12: SCADA daily pump report sample 

 

Figure 13: SCADA monthly report sample 

Zone  Total WDS 

under SCADA  

WZ 34 

NWZ 41 

NZ 24 

EZ 30 

SZ 40 

CZ 16 

Total  185 

Table 8: Total no. of WDS under SCADA 
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Figure 14: SCADA zonal report sample  

Source:  (Operations, Electricity consumption in AMC water supply systems, 2019)  
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The analysis of three levels of databases collected is illustrated in table 10 below: 

 

Table 9: SCADA report format analysis 

REPORTING 

FORMAT 

UNIT OF 

MEASUREMENT 

DATA COLLECTED NATURE OF 

DATA 

COLLECTED 

DAILY PUMP 

REPORT 

Pumps In a particular 

WDS 

1. Individual pump’s 

total running hours 

and minutes in a day. 

2. The minimum, 

maximum power 

factor in a day. 

3. Cumulative 

electricity 

consumption data at 

an interval of 15 

minutes.  

1. Quite 

comprehensive. 

2. A large amount of 

dataset needs to be 

processed for 

analyzing annual 

consumption. 

3. Majorly useful for 

operational 

efficiency of the 

pumps. 

MONTHLY 

REPORT 

Individual WDS 1. Total run time of all 

the pumps in WDS 

for all days in a 

month. 

2. Total electricity 

consumption day-

wise (Units consumed 

for the one-meter 

cube of water 

supplied). 

3. Quite 

comprehensive. 

4. A large amount of 

dataset needs to be 

processed for 

analyzing annual 

consumption. 

5. Majorly useful for 

operational 

efficiency of the 

pumps. 

DAILY 

ZONAL 

REPORT 

All WDS in a 

particular Zone 

1. WDS wise total units 

consumed on a 

particular day. 

2. Pressure head (PSI) 

for a particular WDS. 

1. Quite Objective. 

2. Comparatively 

fewer datasets 

need to be 

processed for 

analyzing annual 

consumption. 

3. Useful for 

analyzing overall 

WDS 

performance. 

 

The table above presents a comparative analysis of three formats in which electricity 

consumption data is reported. Depending on the purpose of the study and granularity 

of data required, the corresponding report can be referred for data collection and 

analysis. The study takes into account the daily zonal report for analysis.  
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4 DATA COLLECTION 

 

4.1 Municipal level 

In order to find the relationship of the urban form of Ahmedabad covered under water 

supply network and electricity consumption by the water distribution stations (WDS), 

two major datasets are required. They are: 

1. Command area of the WDS: Command area of a WDS can be defined as the 

extent or boundary to which a WDS supplies water. In reality, a defined 

command area can receive water supply from a combination of two or more 

WDS which is known as a combined command area. 

2. Total Annual average electricity consumption by the WDS: To take into 

account the impact of seasonal variation on units consumed, SCADA electricity 

consumption data needs to be collected for at least a year. 

4.2 Sampling methodology 

Due to the robust nature of datasets required for the entire city, following three 

methodologies of sampled data collection were adopted: 

 

1. Random convenient based method 

This method was based on a bottom-up approach. In the very initial stage, the 

major barrier was how to get the command area associated with each WDS5. 

Therefore, the first methodology aimed at studying SCADA electricity 

consumption data for twenty WDS available initially6 and map the command 

areas of these twenty WDS in order to test the relationship. 

 

            Limitation of the method: SCADA data was available only for 20 WDS which   

            were not sampled on the basis of their electricity consumption or command area. 

Thus the data reliability in terms of testing the hypothesis was very low. 

  

                                                 

5 Map of command areas of all WDS in the city is needed to be obtained from AMC, if prepared. 
6 SCADA Zonal report for one day and monthly report for a month was collected in 2017 as a part of 

studio on water supply infrastructure in Ahmedabad. 
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As a part of this methodology, an exercise was done to map the command areas of WDS 

in the Navrangpura ward Figure 15 in consultation with the supervisor of Navrangpura 

ward in the west zone. Data were 

collected on:                                       

▪ Total number of WDS in the ward 

and their location 

▪ Command area of each WDS 

▪ Number of connections 

▪ Ward population 

Data on ward population and number of 

connection wasn’t available with the 

ward offices.                                                        Source: Mapped based on (Bhai, 2019) 

 

2. Purposive sampling method 

In the second method, following the other way round approach wards were 

selected from each zone on the basis of  

1. Highest and lowest population density on the basis of the 2018 projected ward 

population. 

2. Highest and lowest plot density on the basis of GIS mapping. 

 

Table 10: Wards Sampling 

 WARD NAME POP_DENSITY_2018 
(persons/Sqkm) 

Net plot DENSITY 
(plots/Sqkm) 

NZ 

IndiaColony 66,594 108 

Naroda 5,180 310 

Kubernagar 44,101 667 

EZ 

Gomtipur 1,18,215 161 

Vastral 5,040 87 

Odhav 64,687 338 

SZ 
Khokara 52,421 548 

Danilimda 835 289 

WZ 

Paldi 41,749 451 

Chandkheda 841 167 

New Vadaj 18,650 510 

CZ 
Dariyapur 95,373 178 

Shahibaug 25,628 208 

NWZ 

Ghatlodia 23,354  
Gota 1,837  

Figure 15: WDS command area mapping exercise 
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Map 10: Location of sampled wards as per Table 10 

After identification of wards from each zone, ward offices were visited7 to obtain the 

command areas of WDS in the sampled wards as per the pilot exercise conducted. 

Rough command area boundary could only be obtained from Danilimda and 

Kubernagar ward only. 

Limitation of the method: Command area drawings couldn’t be obtained from all the 

sampled wards. The one which obtained were very rough in terms of accuracy and 

hence of moderate reliability. 

 

But, this method helped in obtaining backward linkages on the availability of 

centralized data with AMC water projects and operations department at Danapith. 

 

 

                                                 

7 Visited Paldi (WZ), Danilimda (SZ), Dariyapur (CZ), Kubernagar (NZ), Naroda (NZ). 
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The data obtained is illustrated in Figure 16 below. 

 

Figure 16: Data collection methodology 

3. Unbiased sampling method 

After comprehensive data collection from AMC and preparation of database i.e. 

digitization of network maps in GIS for command areas and preparation of 

spreadsheets for SCADA electricity consumption data as illustrated in Figure 

16, with no filter applied on the basis of pre- conceptualized assumptions 

(hypothesis): 

▪ studying the wards with the highest/lowest density or 

▪ studying the WDS with the highest/lowest electricity consumption 

Unbiased sampling of command areas was done mainly on the basis of availability of 

SCADA electricity consumption data for the corresponding WDS.  

So, out of 185 WDS under SCADA monitoring, usable command area 8was 

available for 80 WDS. Therefore, the total sample size of command area available 

for study was 80 i.e. 36% of the total number of approximated WDS in the city. 

The sampled population covered was 32% of the total population estimated in  

2018. Zone-wise distribution of WDS is shown in Table 11.  

                                                 

8 SCADA data for all the command areas mapped (96) was not available for the ten months due to 

incorporation of some WDS under SCADA in September 2018 and thereafter. 



Energy Consumption in Municipal Services 

 51 

Table 11: Command areas Sample 

Zone Total No. of WDS 

under SCADA 

Command Area 

mapped 

Discrepancy in 

SCADA data 

Total Sampled 

Command areas 

WZ 34 30 3 27 

NWZ 41 14 1 13 

NZ 24 15 1 14 

EZ 30 11 1 10 

SZ 40 26 10 16 

CZ 16 0 0 0 

Total 185 96 16 80 

 

 

  

Map 11: Mapped and sampled command areas 
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Out of the sampled command areas, many command areas also existed as 

COMBINED COMMAND AREAS as discussed before and also verified through 

network maps obtained. The following types of overlapping existed: 

The area associated with each WDS’s service area was calculated based on the above 

illustration for the analysis. 

  

Figure 17: Types of command areas 
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4.3 Building Level 

In order to collect data on building stock electricity consumption, three major building 

typologies were aimed at: 

1. High Rise (>5 floors)                                                                                  Apartments 

2. Mid Rise (3-5 floors)                   Row Houses, Bungalow Societies, Low Rise Apartments 

3. Low Rise (<3 floors)                                                                                Row Housing 

 

Building Stock Sampling 

The sampling of the building stock was based on the convenient based method. The 

method doesn’t imply a completely scattered sampling but with 70 percent of the 

samples aimed at within the sampled command area. This was ensured so that we also 

have municipal electricity consumption data for that area, for comparison. 

 

Data collection 

A questionnaire was prepared to collect the baseline data. The questionnaire was 

divided into three sections: 

1. Background information- to collect general information about the building like a 

number of blocks, floors, dwelling units on each floor. 

2. Water baseline data collection (energy consumption in pumping water)– to 

collect information on the source of water, number of AMC connection and pump 

details like the pump running hours, capacity, design efficiency of the pump, etc. 

3. Elevator baseline data collection- to collect data on number of elevators and 

operational hours in order to assess energy consumption in an elevator at the building 

level. 

 

Since most of the societies had the automated sensors installed in their pumps to start 

the pump when the level of water drops in the overhead tank. So, they were not aware 

of the actual runtime of the pump. And therefore, the electricity bills of common 

amenities (water pumping, elevator, and lighting at parking and corridors) of the 

past six months from the societies were obtained. 
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5 ANALYSIS AND FINDINGS 

 

With the aim of finding the relation between the electricity consumption by water 

systems and urban form of a city, through literature study it has been found out that 

electricity consumption by water distribution station in pumping water into the network 

as a function of urban form can be analyzed on the basis of five major urban parameters. 

5.1 Urban Parameters and Research Questions 

Table 12: Urban parameters and research questions 

 

*Correlation has been explained in detail under research tools. 
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5.2 Research Tool 

The statistical tool of CORRELATION has been used to find out whether and how 

strongly the above defined urban parameters are related to the daily average electricity 

consumed by the WDS. 

The main result of a correlation is called the correlation coefficient (or "r"). It ranges 

from -1.0 to +1.0. The closer r is to +1 or -1, the more closely the two variables are 

related. If r is close to 0, it means there is no relationship between the variables 

(Research Aids: Creative Research Systems, viewed in 2019). 

Positive Correlation: If r is positive, the correlation is called positive. It means as the 

one variable increases the other variable also increases. 

Negative Correlation: If r is negative, the correlation is called negative. It means as 

the one variable increases the other variable decreases (also known as inverse 

correlation). 

The strength of the relationship for different ranges of r that has been followed for the 

analysis is illustrated below: 

 

Figure 18: Correlation coefficient interpretation guide chart 
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5.3 Correlation Findings 

 Volume of water supplied (m3) 

The volume of water supplied by each WDS is a function of current and projected 

demand of population in the command area being served. The correlation between the 

daily average volume of water supplied and electricity consumed by the sampled WDS 

was obtained for the city on an average and each zone as shown in Figure 19.  

                                              

   

VERY STRONG POSITIVE CORRELATION both at the city level and zonal level 

i.e. with an increase in the volume of water supplied by the WDS, the electricity 

consumed by the corresponding WDS also increases. The linear positive correlation 

with the sampled WDS is plotted. 

 

Graph 3: Correlation plot: volume of water supplied (m^3) and units consumed (kWh) 

The increase in electricity consumption with an increase in the volume of water 

supplied can be given by the linear equation – 

Units consumed (kWh) = 0.0723 m3+88.72 

That means the electricity consumption increases by 0.0723 times the volume of water 

supplied with an increase in the volume of water to be supplied by the WDS. 
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Out of the 80 sampled WDS, the average units consumed for supplying one-meter cube 

of water was found to be around 0.100 units/m^3. In order to assess, the efficiency of 

pumps, the standard deviation graph was plotted as shown below: 

 

 

Graph 4: Standard deviation plot: kWh/m^3 

 

From the above plot it can be concluded that, with increase in volume of water supplied 

absolute increase in units consumption take place but the units consumed/m3 of 

water supplied doesn’t vary much from the average as verified by LOW VALUE OF 

SD = 0.04 (which implies that the operational efficiency of the sampled WDS also 

doesn’t differ much). 
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 Command area served (Square meters) 

The area of the command area served by each of the sampled WDS was calculated as 

illustrated in Figure 17: Types of command areas. The correlation between the area of 

command area served (Sqmts.) and daily average electricity consumed (kWh) by the 

sampled WDS was obtained for the city on an average and each zone as shown below. 

 

 

 

 

 

 

MODERATELY POSITIVE CORRELATION at city level i.e. with an increase in 

the area served by the WDS, electricity consumed by the WDS to pump water in that 

area increases moderately to a certain extent. The plot below shows the nature of the 

relation. 

 

Graph 5: Correlation plot: Square meters of command area served and units consumed (kWh) 

The correlation coefficient values obtained for the city on an average, North Zone and 

New West Zone show not a very strong correlation but those for East, South and West 

Zone shows a considerably strong correlation.  

The command area as a whole is a function of many other urban parameters and 

hence reasons for the difference in correlation is dealt with in greater details by 

studying other parameters like plot density and network length.  
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 Net plot density (plots/sqkm) 

Plot density in the study has been taken as a proxy to the number of connections9 and 

proximity to the water source connection point. Studies show that moving from high 

plot density to low density, network experiences a larger increase in length10 in terms 

of the proximity to the water source connection point as compared to high plot density 

areas (Hannah G Wong, Vanessa L Speight, Yves R Filion, 2015).  

The plot density has been calculated by dividing the total number of plots in the defined 

command area of a WDS by the net command area. Net command area is obtained by 

neglecting the area under roads, railways and water bodies majorly. 

The correlation coefficient for the net plot density (plots/Sqkm.) and daily average 

electricity consumed (kWh) by the sampled WDS was obtained for the city on an 

average and each zone as shown below.  

 

 

 

 

 

WEAK POSITIVE CORRELATION at city level i.e. Consumption doesn’t increase 

much with an increase in plot density. But plotting being a function of planning and 

zoning regulation was looked out more specifically at Zonal level than city level. More 

also, the correlation value obtained for Eastern AMC (comprising of North Zone, East 

Zone, South Zone) show a different nature than Western AMC (comprising of West 

Zone and New West Zone). The correlation coefficient obtained zone wise can be 

presented conceptually as  

 

 

 

 

                                                 

9 The data of number of connections per plot couldn’t be obtained from the AMC. Hence, for the 

simplicity of the study number of connection per plot was assumed to be one.  
10 Increase in length implies increase in electricity consumption due to energy loss to friction. 

Figure 21: Correlation coefficient: net plot density 

WEAK NEGATIVE 

CORRELATION i.e. 

consumption somewhat 

decreases with increase 

in plot density. 

STRONG POSITIVE 

CORRELATION i.e. 

consumption increases 

considerably with increase 

in plot density. 
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For analyzing this variation, land-use-landcover (LULC) plot-wise of the sampled 

WDS command area was mapped and studied. 

 

Eastern Ahmedabad comprising of North Zone, East Zone, and South Zone  

These zones when analyzed spatially, present a mix of following major LULC 

typologies: 

1. Slum Type, Kachha, Unplanned, Informal Settlements. 

2. Row Houses. 

3. High-density Low Rise Residential Units. 

4. Small and Heavy Industrial Units. 

 

Western Ahmedabad comprising of West Zone and New West Zone 

When analyzed spatially has comparatively less permanent slum type, Kachha, 

unplanned, informal settlements. West zone comprises majorly of low rise low density 

and some high-rise high-density apartments while the New West Zone comprises 

majorly of bungalow society, farmhouses, commercial buildings, affordable housing 

apartments, etc. 

   

Map 12: LULC of the sampled WDS 
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In order to have a comparative analysis, the absolute number of plots under slum 

typology, small and heavy industrial units for sampled WDS command areas was 

calculated as shown in Map 13. 

 

From the above mapping, it is evident that eastern Ahmedabad as a whole has a greater 

number of plots under slum type, kachha, unplanned, informal settlements and 

industrial units in comparison to western Ahmedabad. And, if we look into the city’s 

service statistics, only 75% of the slum households in AMC have water connections 

(AMC, C-WAS, 2018). AMC supplies a limited amount of water (lpcd) to 

Industrial Units. They are majorly depended on ground water or other sources of 

water. 

Therefore, it can be inferred that many plots may be a part of the command area as a 

whole but individual plots might not be having a connection or might be having a shared 

connection. And thus, electricity consumption shows a decrease with increase in 

plot density in eastern Ahmedabad. Western Ahmedabad on the other hand as stated 

above, has comparatively less number of permanent slum settlements. Majorly all 

typologies have a legal connection (1 or more than one). And thus, electricity 

consumption shows an increase with an increase in plot density in western 

Ahmedabad.  

Western 

Ahmedabad 

(WZ, NWZ)

TOTAL 

NUMBER OF 

PLOTS

Eastern 

Ahmedabad 

(NZ,EZ,SZ)

443 SLUM PLOTS 749

21
INDUSTRIAL 

PLOTS 1671

Map 13: Net plots: Slum plots and Industrial plots  
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 Network length (meters) 

Network length as a parameter in this study has been taken to explore the link between 

the spatial spread of the pipes that make up water distribution systems and the area they 

serve. Network pipe infrastructure mainly follows the street typology which a major 

factor in governing the built-typology that comes up along it in any city. And thus, the 

network length associated with the distribution network of the WDS command area 

depends largely on the area under street network in that area. 

The correlation between the total network length in a command area and electricity 

consumed by the WDS was obtained by running the correlation coefficient for the city 

on an average and the three zones11 as shown below. 

 

STRONG POSITIVE CORRELATION at city level i.e. with an increase in the 

network length in a command area, the electricity consumed by the corresponding WDS 

also increases. When analyzed at zonal level, south zone and west zone exhibit more 

strong correlation than the New West zone. 

Energy consumption by a network is a function of length in terms of energy loss to 

friction. The pipe properties that affect frictional loss are – flow, diameter, length, and 

roughness (Hannah G Wong, Vanessa L Speight, Yves R Filion, 2015). Thus, with an 

increase in length electricity consumption also increases due to an increase in the energy 

loss to friction. The comparatively weaker correlation in the New West zone as 

stated above reflects the impact of comparatively newer network infrastructure 

leading to less frictional energy loss in the new west zone as compared to the other 

two zones with an older network. 

 

  

                                                 

11 As data limitation, network length was available only for West Zone, New West Zone and South 

Zone. 

Figure 22: Correlation coefficient: network length 
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 Population density (persons/sqkm) 

Population density as a parameter has been taken to explore the link between the spatial 

spread of water users and the daily average electricity consumed by the WDS to pump 

water to the end users. It is assumed that the water distribution system supplying water 

to a highly dense area should consume considerably less amount of electricity as 

compared to an area with a sparse spread of population. This suggests the electricity 

consumption follows the concept of economies of density. In order to validate this 

concept, the correlation between the population density of the sampled WDS command 

area and the daily average electricity consumption by the corresponding WDS was 

obtained as shown below. 

 

VERY WEAK POSITIVE CORRELATION at city level which means that 

relationship between the population density and electricity consumption by the WDS is 

very negligible. But when analyzed at the resolution of zonal level, the correlation 

coefficient obtained for the sampled command areas in the eastern part show a weak 

negative correlation while those in the western part show a very weak positive 

correlation as illustrated below. 

 

The service providers in Indian cities that is AMC in case of Ahmedabad supplies water 

for a certain pressure head irrespective of the density, both the population and built 

density. In the case of highly dense areas, the volume of water to be supplied also 

increase which results in an increase in the pipe diameter to supply the required volume 

Figure 23: Correlation coefficient: Population density 

WEAK NEGATIVE 

CORRELATION i.e. 

consumption somewhat 

decreases with increase 

in population density. 

VERY WEAK POSITIVE 

CORRELATION i.e. 

consumption increases a 

bit with increase in 

population density. 
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of water and also to meet the minimum pressure criterion. Hence, Ahmedabad being a 

very medium dense city with a quiet sparse urban development doesn’t bring out any 

significant correlation with population density at the city level as verified by the 

coefficient value of 0.098. The inverse relation for the eastern command areas reflects 

on the possibility of comparatively less connections per household or plot due to a 

comparatively large share of slum population and industrial areas in comparison to the 

western command areas with one or more AMC connections per plot as also discussed 

in section Error! Reference source not found. on plot density. 
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5.4 Municipal level versus building level  

As per the building level data collection methodology mentioned in section 4.3, the 

building samples were surveyed for three typologies shown spatially in Map 14. 

1. High Rise (>5 floors)                                                                                  Apartments 

2. Mid Rise (3-5 floors)                   Row Houses, Bungalow Societies, Low Rise Apartments 

3. Low Rise (<3 floors)                                                                       Affordable Housing 

 

 Per capita pumping electricity consumption 

The building sample with the highest number of residents was taken as the standard for 

computing electricity consumption per capita for pumping water in each sample of 

building typology. The high rise high-density apartment with the calculated total 

number of residents, two hundred and ten was taken as the standard (stilt + 10 floors, 

forty-two households with average household size taken as 5). The daily average 

electricity consumption for the building samples was calculated on the basis of the 

respective electricity bills (common services) obtained for the six months.  

 

  

Map 14: Location of building samples 

High-Rise (S+10) 

Mid-Rise (S+4) 
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The share of electricity consumed for pumping water was calculated as per the given 

percentage share: 

Building typology Pumping electricity consumption as the 

percentage share of total daily average 

consumption 
High Rise High Density (HH) 50% 

Low Rise Low Density (LL): 

Bungalow Society 
80% 

Low Rise Low Density (LL): 

Apartments 
60% 

Low Rise Low Density (LL): Row 

House 

3% (Specific to the sample based on the pump run 

hours and capacity) 

 

The findings of the electricity consumption per capita at the building level are illustrated 

below. 

The graph obtained showed that bungalow societies consume even more than the high 

rise high-density apartments as the water needs to be pumped both horizontally and 

vertically. The trend among the other building typologies was the highest in high rise 

apartments followed by mid-rise apartments, and then the least in the low-rise row 

housing. 

But when the municipal level per capita electricity consumption for the corresponding 

command areas to which these building samples belonged was plotted, it was found to 

be lower for high and mid-density command areas than low-density command areas.  

Figure 24: Building level electricity consumption per capita 
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This confirmed that municipal level electricity consumption follows the concept of 

economies of density and varied accordingly. The comparative graph is shown below 

 

                      Graph 6: Municipal level vs building level electricity consumption per capita 

The combined findings for the sampled built typologies, both at the building level and 

municipal level can be summarized as shown below. 

 

 

The combined findings hold true if, 

The low-rise bungalow societies belong to a low-density urban area. 

The low-rise row housing belongs to a medium-density urban area. 

The mid-rise row buildings belong to a medium-density urban area. 

The high-rise row buildings belong to a low-density urban area. 

 

 

 

 

 

 

 

 

 

 

Electricity 

consumption per 

capita 

High-Rise Mid-Rise Low Rise 

Row 

Housing 

Bungalow 

Societies 

Building Level High Medium Low High 

Municipal Level High Medium Low Low 
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6 CONCLUSION: PATHWAYS FOR AHMEDABAD 

 

Depending on the findings of the study both at the municipal level and building level, 

the study concludes with the probable pathways Ahmedabad could follow for shaping 

the future urbanization as the city expands in an energy-efficient manner. Density acting 

as a synonym of efficiency has been taken as an important urban parameter along with 

other guiding parameters of urban development such as percentage share of the 

population getting access to these basic services, land coverage and per capita electrical 

energy expenditure at the building level and the city level. 

 

6.1 Pathways for Ahmedabad’s future urbanization 

 PATHWAY 1: 

If the city decides to go for low-density   

(<50 persons per hectare) low-rise 

bungalow type development, unit cost 

(electricity cost) will be high at both the 

ends. People getting access to basic 

services is low. The land coverage is high. 

 

 PATHWAY 2:   

If the city decides to go for medium-

density (50-145ppha) low-rise medium-

density row housing type development, the 

unit cost is medium at both ends. Access to 

services is comparatively high and land 

coverage is also not high but with the 

increased demand of increased per capita 

space for a better quality of life, the urban 

development could be of the third type as discussed in pathway 3. 

 

  

Figure 25: Pathway 1(Low-density low-rise 

development) 

Figure 26: Pathway 2 (Medium density low rise 

development) 
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 PATHWAY 3 

High-density (>150 ppha) urban 

development with a mix of mid-rise and 

high-rise built typology. In this pathway, the 

unit cost will be higher at the building level 

but will be less at the municipal level. 

Access to services is to a higher number of 

people. Also, the land covered is 

comparatively very less which can be then 

opened to other social infrastructure 

development and green and open spaces. 

 

6.2 Conclusion 

From the three pathways discussed above, it can be concluded that density as an 

important parameter of urban form and synonym of energy – efficiency doesn’t always 

mean high rise development. Medium-rise, high-density urban areas can achieve a 

similar level of density as high rise (medium evidence, high agreement).  

Thus a good mix of mid-rise, high-rise seems to be an optimum way forward for 

shaping Ahmedabad’s future urbanization in an efficient manner wherein land market 

dynamics will definitely play a major role. 

 

 

 

 

 

 

 

 

 

 

  

Figure 27: Pathway 3 (High-density mid-rise, 

high-rise development) 
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8 ANNEXURES 

 

8.1 Questionnaire prepared for baseline building level electricity 

consumption 
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8. Unique id of the building (eg: NWZ_BL001) 

i.e. NWZ - New West Zone 

 
 

 
9. Total number of blocks/ buildings 

Mark only one oval. 
 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 or more 

 

10. Total number of floors 

Mark only one oval. 
 

1- 4 

5- 10 

10 and above 

 

11. Total number of dwelling units 

 
 

 
Baseline data collection - Water 
Energy consumption at Building level in pumping water 

 
12. Source of water 

Check all that apply. 
 

AMC 

Private Bore well 

 

Total number of AMC connections (Mark only one oval) 
 

1 

2 

3 

4 

5 

more than 5 



Energy consumption in Municipal Services 

74   

14. Diameter of AMC water connection i.e. 

(Number of connections)-(Diameter of the pipe in 

inches) e.g. 3-0.5', 2-1.0' 

 
 

 
15. Type of pump 1  
Mark only one oval. 
 

Submersible pump 

Bore well compressor pump 

Pressure booster pump 

Other: 

 
16. Company of the pump 1 

 
 

 
17. Capacity of the pump 1 (HP) 

 
 

 
18. Designed efficiency of the pump 1 (%) 

 
 

 
19. Operational hours of the pump 1 in summer 

(hours per day, e.g. 2) 

 
 

 
20. Operational hours of the pump 1 in winter 

(hours per day, e.g. 2) 

 
 

 
21. Gross pumping head of pump 1 (m) 

 
 

 
22. Type of pump 2 

Mark only one oval. 
 

Submersible pump 

Bore well compressor pump 

Pressure booster pump 

Other: 
 

 

23. Company of the pump 2 
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24. Capacity of the pump 2 (HP) 

 
 

 
25. Designed efficiency of the pump 2 (%) 

 
 

 
26. Operational hours of the pump 2 in 

summer (hours per day, e.g. 2) 

 
 

 
27. Operational hours of the pump 2 in 

winter (hours per day, e.g. 2) 

 
 

 
28. Gross pumping head of pump 2 (m) 

 
 

 
29. Electricity bills for past 12 months 
 

 

 
30. Photograph of electricity meter - water pump 

 

 
 

Baseline data collection - Elevator 
Energy consumption at Building level in elevators 

 
31. Number of elevators in each tower 

 
 

32. Number of elevators functional in each tower 

 

 

43. Photograph of electricity meter - Elevator 
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