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Executive Summary 

This report presents the findings of the Thane District Cooling Pre-Feasibility Studies. The project is 
funded and supported by IFC, and is part of the deep assessment activities underway in India, seeking 
to accelerate the deployment of district cooling through the District Energy in Cities Initiative (DES 
Initiative), led by UN Environment. Carbon Trust, as a partner of the initiative, was appointed to 
investigate and assess the feasibility of district energy networks in Thane City, India. ICLEI South Asia 
supported this assessment by providing on-the-ground technical support, local stakeholder 
engagement, and data collection. Thane Municipal Corporation (TMC) and Energy Efficiency Services 
Limited (EESL), the Indian Government’s state utility company, are the likely developers of this 
infrastructure in Thane, and were engaged extensively throughout the project.   

The Carbon Trust team was appointed to undertake district cooling pre-feasibility studies to 
understand the potential for district cooling in two locations within the city of Thane, India. The first 
location is Ghodbunder Road, which is characterised by a cluster of existing commercial and retail 
buildings of varying ages, primarily using centralised cooling systems that could be retrofitted to 
connect to a new district cooling system. The second location is Hiranandani Estate, Thane’s largest 
township situated across 300 acres, with a large proportion of the site already built and commissioned, 
but potential to construct a new district cooling system to connect to a cluster of commercial buildings 
in the South-Easternmost corner of the development site. 

Energy Demand Assessment 

Existing and future energy demands in the Ghodbunder Road area arise mainly from several shopping 
malls, a hospital, commercial offices and data centre. Cooling and electricity demands have been 
assessed for these sites, resulting in an estimated peak cooling demand of 10,180 TR, annual 
consumption of 18,789 MWh/year and total electricity consumption of 65,552 MWh/yr. Existing and 
future energy demands in the Hiranandani Estate area arise from commercial offices, data centres and 
a hotel. Cooling and electricity demands have been assessed for these sites, resulting in a larger 
estimated peak cooling demand of 11,295 TR, annual cooling consumption of 39,075 MWh/year and 
total electricity consumption of 93,938 MWh/yr. 

Stakeholders associated with these buildings have been engaged throughout the development 
process, and are largely supportive of the potential to connect to a district cooling network. They 
should be continually engaged as the project progresses, to ensure the project is commercially 
deliverable and any concerns are addressed. For the Hiranandani scheme, engagement with the 
developer, in particular, will be crucial to ensuring that upcoming buildings are designed to be 
technically compatible with the planned district cooling network, and to explore the potential for the 
developer to provide the district cooling operator with a demand guarantee associated with the 
planned buildings within their control.    

Energy Supply Assessment 

Following a review of the technology options for the supply of chilled water, we selected and analysed 
two primary technology options for district cooling at both the Ghodbunder Road and Hiranandani 
Estate sites: 

1. Electric chiller: using electrically driven vapour compression chillers to meet the total cooling 
demand.  
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2. Tri-generation: using a combination of a spark-ignition gas-engine CHP sized to meet the 
baseload of the cooling demand, along with electric chillers used to meet the balance of the 
demand in high demand periods. In addition to cooling, this option would generate electricity, 
which could be sold to customers directly through use of a private wire or exported to the 
grid.  

For both options, the base case refrigerant used for the electric chillers is R134a, however we 
recommend that the range of three broad refrigerant options are investigated further before selecting 
a preferred option. The detailed feasibility study should further investigate the environmental, safety, 
and cost implications of each option to select the optimal refrigerant for the network. The three 
potential refrigerant-types for the electric chillers are described below.  

Electric chiller refrigerant options: 

• HFCs –  continue with R134a and ensure leakages are minimised, recognising that in the longer 

term the refrigerant supply may become more constrained and more expensive, global 

warming impact = 1430 (i.e. 1430 times the impact of a unit of CO2). 

• ‘‘Natural’ refrigerants which have no global warming impact, the most commonly used 

refrigerant in district cooling of this type is ammonia (NH3); this can result in higher efficiency 

chillers however the safety risks need to be fully understood and mitigated. Ammonia is also 

commonly used in industrial applications e.g. low temperature warehouses. 

• HFOs also known as u-HFCs where the most suitable are R-1233zd, R1234yf or R514A (global 

warming impact of <10), again, safety and wider environmental risks and impacts need to be 

assessed and mitigated. 

A summary of the preferred network configuration for options 1 & 2 in the Ghodbunder Road project 
is provided in Table 1.  

Table 1. Ghodbunder Road network summary – options 1 & 2 

Ghodbunder Road network summary 
Total cooling demand 13,356,878 ton.hr/yr 

Peak cooling demand (total of all 
buildings) 
Note: diversity factor of 80% is 
applied to this demand 

10,180 TR 

Option 1: 
Electric chiller capacity 

8,874 TR 

Option 2: 
Tri-generation option capacities 

Gas CHP 3 units, total of 9.576 MWe 
Absorption chiller 2,010 TR 

Auxiliary electric chiller 6,833 TR 

Number of cooling connections 6 

Number of phases 
1 – it is assumed that all buildings could be 

connected in the first year of operation 

Key cooling loads 

Viviana Mall 
TCS Yantra Park 

Korum Mall 
Jupiter Hospital 

Assumed operating temperatures 
at peak demand 

flow 5°C, return 11°C 
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A summary of the preferred network configuration for options 1 & 2 in the Hiranandani Estate project 
is provided in Table 2. 

Table 2. Hiranandani Estate network summary – options 1 & 2 

Hiranandani network summary 
Total cooling demand 38,888,334 ton.hr/yr 

Peak cooling demand (total of all 
buildings) 
Note: diversity factor of 80% is 
applied to this demand 

11,295 TR 

Option 1: 
Electric chiller capacity 

9,754 TR 

Option 2: 
Tri-generation option capacities 

Gas CHP 4 units, total of 12.8 MWe 
Absorption chiller 2,682 TR 

Auxiliary electric chiller 7,076 TR 

Number of cooling connections 6 

Number of phases 
2 – IT Building 2 connected in second year, 

IT Building 3 connected in third year 

Key cooling loads 
IT Building 1, 2 & 3 

TCS 1 

Assumed operating temperatures 
at peak demand 

flow 5°C, return 11°C 

 

Network Route Assessment 

For both projects, we conducted an assessment of the preferred energy centre location and network 
route, considering the most cost effective and technically feasible.  

Figure 1 presents the preferred network route and energy centre location selected for the cooling 
network at Ghodbunder Road. The main length of pipework from the energy centre to Korum Mall 
follows an access road that runs parallel to the Eastern Express Highway, rather than running along 
the highway itself. The total network length shown in the map is 2,280 m.  
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Figure 1. Preferred network route and energy centre location for Ghodbunder Road 

Figure 2 presents the preferred network route and energy centre location selected for the cooling 
network at Hiranandani Estate. The total network length is 2000m.  

 
Figure 2. Preferred network route and energy centre location for Hiranandani Estate 
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Financial Assessment 
The projected results indicate that there is a financial case for a district cooling network at both the 
Ghodbunder Road and Hiranandani Estate sites, for both the tri-generation technology option (using 
CHP, absorption chillers and auxiliary electric chillers) and the electric chiller only option. While the 
electric chiller only option presents better financial returns in the Hiranandani Estate site, the tri-
generation option presents better financial returns at the Ghodbunder Road site. In both cases, the 
tri-generation option offers greater carbon savings. Having said this, these results are part of a pre-
feasibility study and it will be important to undertake additional analysis to better refine the 
assumptions regarding costs, risks, and revenue from a potential project. Table 3 and Table 4 provide 
an overview of the financial modelling results associated with the Ghodbunder Road and Hiranandani 
Estate projects respectively.  

Table 3. Financial modelling results for Ghodbunder Road 

 Electric Chillers Tri-generation 

20 year 40 year 20 year 40 year 

Capital costs (incl. 17% 
contingency) 

₹ 88,02,02,347 ₹ 1,57,96,62,538 

IRR (pre-tax) 23.99% 23.84% 31.04% 31.15% 

NPV  ₹ 
38,86,54,810 

₹ 
46,75,43,074 

₹ 
1,21,22,97,379 

₹ 
1,45,14,16,340 

Simple Payback 5.3 years 5.4 years 4.3 years 4.3 years 

Annual savings to customers 
relative to benchmark 

₹ 3,10,49,406 ₹ 6,99,03,555 

Lifetime carbon savings1 
91,244 tCO2e 

1,68,980 
tCO2e 

2,97,532 
tCO2e 

4,90,671 
tCO2e 

 

 

 

 

 

 

 

                                                           
1 Using the scenario 
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Table 4. Financial modelling results for Hiranandani Estate 

 Electric Chillers Tri-generation 

20 year 40 year 20 year 40 year 

Capital costs (incl. 17% 
contingency) 

₹ 1,16,03,99,058 ₹ 1,95,07,60,553 

IRR (pre-tax) 23.4% 23.3% 18.7 % 19.5% 

NPV  ₹61,30,05,061 ₹74,87,27,806 ₹42,25,24,736 ₹63,50,45,446 

Simple Payback 5.4 years 5.6 years 6.4 6.5 

Annual savings to customers 
relative to benchmark 

₹ 6,06,32,056 ₹ 8,96,87,849 

Lifetime carbon savings2 
89,002 tCO2e 

1,97,071 
tCO2e 

2,87,780 
tCO2e 

4,78,403 
tCO2e 

Next steps and recommendations 

Our analysis indicates that there is strong potential for district cooling at both the Ghodbunder Road 
and Hiranandani Estate sites. It is recommended that both projects are progressed to the Detailed 
Feasibility stage, to better refine estimates associated with cooling demand, costs, and revenue, and 
based on the additional information obtained to clarify the technology options selected (i.e. 
refrigerant selection and thermal storage). The Detailed Feasibility Stage should also be used to 
further explore the preferred business model for the cooling networks and the approach to 
implementation. It is recommended that both projects are progressed to the Detailed Feasibility stage.

                                                           
2 Using the possible energy efficiency and energy mix in the Indian economy scenario. 
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Introduction 

Context 

This report presents the findings of the Thane District Cooling Pre-Feasibility Studies. The studies have 
been funded and supported by the International Finance Corporation (IFC) under its Eco-Cities 
program and the District Energy in Cities Initiative. These studies are part of the Initiative’s broader 
activities in Thane, the Initiative’s first pilot city in India and will feed into the Initiative’s efforts to 
scale-up district cooling in India. Carbon Trust, as a partner of the initiative, was appointed to 
investigate and assess the feasibility of district energy networks in Thane City, India. Thane Municipal 
Corporation (TMC) and Energy Efficiency Services Limited (EESL), a publicly owned energy service 
company, are the likely developers of this infrastructure in Thane, and were engaged extensively 
throughout the project.  

The Eco-cities in India Program is a joint program of the European Union and IFC to deliver climate-
smart infrastructure and green buildings in Indian cities. 

The District Energy in Cities Initiative is a multi-stakeholder partnership coordinated by UN 
Environment, with financial support from DANIDA, the Global Environment Facility, the Italian 
Ministry of Environment and Protection of Land and Sea and the Kigali Cooling Efficiency Programme 
(K-CEP). As one of six accelerators of the Sustainable Energy for All (SEforALL) Energy Efficiency 
Accelerator Platform, the Initiative aims to double the rate of energy efficiency improvements for 
heating and cooling in buildings by 2030, helping countries meet their climate and sustainable 
development targets. 

The Initiative supports local and national governments to build know-how and implement enabling 
policies that will accelerate investment in low-carbon and climate-resilient district energy systems. It 
currently provides technical support to cities in four pilot countries, including in India and ten 
replication countries. 

The Initiative uses the convening power of UN Environment to bring together stakeholder groups with 
diverse capabilities and expertise to deliver market transformation and accelerated uptake of district 
energy. International partners include: Cities/Municipal Governments; National and State 
Governments; Utilities; Private Sector; Industry Associations; International Organizations; Financial 
Institutions; City Networks; Think Tanks; and Research Institutions and Universities. Many of these 
partners have been engaged throughout the development of the pre-feasibility studies, most notably 
through a webinar delivered in September 2018 and subsequent peer review. Feedback from these 
activities was subsequently incorporated into the study. 

Carbon Trust has worked closely with the ICLEI South Asia team, who in their role as an Initiative 
partner, have provided on-the-ground technical support and facilitated engagement with 
stakeholders to build support, collect data and insights.  In addition, we have conducted multiple trips 
to Thane in order to undertake site visits, plant room surveys and stakeholder meetings; gathering 
information and data that has been used to inform the assessment. 
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Key stakeholders 

There are a wide range of key stakeholders that have been involved in project delivery since the 
inception of the Thane District Cooling Pre-Feasibility Studies. Figure 3 provides a high-level overview 
of the key stakeholders and their role in project delivery.  

 

Figure 3. Key stakeholders roles in project delivery 

Project scope 
 
The Carbon Trust team was appointed to undertake district cooling pre-feasibility studies to 
understand the potential for district cooling in two locations within the city of Thane, India. The first 
location is Ghodbunder Road, which is characterised by a cluster of existing commercial and retail 
buildings of varying ages, primarily using centralised cooling systems that could be retrofitted to 
connect to a new district cooling system. The second location is Hiranandani Estate, Thane’s largest 
township situated across 250 acres, with a large proportion of the site already built and commissioned, 
but potential to construct a new district cooling system to connect to a cluster of commercial buildings 
in the South-Easternmost corner of the development site. 
 
Figure 4 provides an overview of the breakdown of key activities included within the scope of the 
techno-economic assessment. 

Overseeing delivery of project, creating 
political buy-in, initial technical and 
financial rapid assessment of sites by 
C2E2, stakeholder engagement, quality 
assurance of Carbon Trust outputs, 
provision of cost data and some 
methodological assumptions, and 
information from initiative partners such 
as Tabreed, Clarke Energy, Shell India 

Deliver pre-feasibility study technical and 
financial assessments, delivery of 
presentations/workshops, conduct site 
visits 

Local stakeholder engagement, data 
collection, and on-ground technical 
support 

Thane Municipal Corporation – potential 
developer/enabler of district cooling in Thane, 
sharing local insights and information, 
stakeholder facilitation   

Potential investor/developer of district cooling 
in Thane, informing scope of financial model, 
sharing national insights and information 

Funding support to study, interest in 
investing in district cooling in India, 
informing scope of financial model   

Engagement with other stakeholders including 
gas grid operator, DISCOM, developers, 
potential network customers etc.  
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Figure 4. Overview of the scope of works for the Thane District Cooling Pre-Feasibility Studies 

The techno-economic assessment has culminated in a summary of recommended scheme options 
for both project sites, alongside support and training on business models and procurement to aid 
the project sponsors in taking the projects forward.  
 
Preliminary results have been communicated with local stakeholders and have been subjected to a 
robust peer review conducted by partners of the DES Initiative.  

Project history 

A rapid assessment was previously undertaken by UN Environment and the DES Initiative team, 
identifying significant potential for district cooling in Thane. In consultation with the local government 
and stakeholders, this resulted in the Ghodbunder Road and Hiranandani Estate projects being 
selected for pre-feasibility.  

Project objectives 

A robust district cooling business case is one that links the project to strategic objectives, such as city 
and government objectives, and which resonates with project sponsors and key stakeholders. This will 
ensure a project is supported and ultimately secures the approvals it requires to progress. Setting a 
project vision enables the project sponsor(s) to explore why they want to pursue a district cooling 
network and what they want the network to achieve. Communicating this vision to technical, financial, 
and other external consultants as the project is taken forward will help ensure the solutions developed 
are tailored to these needs. It is important to consider how different priorities may interact e.g. the 
desire to reduce carbon versus the desire to cut customer costs – and where compromises need to be 
made.  

In order to explore the project objectives for Thane City, the Carbon Trust carried workshop exercises 
with key stakeholders to identify common objectives and priorities between stakeholders including 
Thane Municipal Corporation (TMC), Energy Efficiency Services Limited (EESL) and potential 
customers. This included the roles each stakeholder would play in the delivery of a district cooling 
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network, the most pertinent drivers, and a discussion to reach a consensus on the overall project 
objectives for a district cooling network in Thane. A summary of the key drivers identified during these 
discussions is provided below: 
 

 Transforming the energy efficiency market in India 

 

 Addressing the problem of increasing AC demand and its impact on the grid 

 

 Delivering carbon reduction and the Kigali Amendment phase down of HFCs 

 

 Demonstrating innovative technologies and renewable integration 

 

 Delivering cost savings to customers 

 

 Addressing the reliability of supply 

 
 
 
 
 
 



 

 

2. Energy demand assessment 

 



Thane District Cooling Pre-Feasibility Studies 

UN Environment District Energy in Cities Initiative  | 24 

 
 

Approach 

Estimates for both annual cooling consumption (ton.hr/year) and peak cooling demand (TR) were 
made for all sites. It’s worth noting that at this stage, hot water consumption was not estimated for 
either project, due to a lack of information about the extent or nature of DHW consumption. For 
existing sites (Ghodbunder Road), monthly cooling demands was estimated using chiller consumption 
meter readings where available. For each site, a system efficiency was estimated in order to 
approximate the likely cooling demand3. Peak demands were estimated from information relating to 
the capacity of standalone installed systems and benchmarks by floor area4Daily consumption and 
seasonal demand data were also provided for two sites, which was used to sense check peak demand 
estimates. Additionally, when estimating seasonal profiles, climatic and occupancy data was taken 
into account.     

For sites not yet constructed/non-operational (Hiranandani Estate and Cadbury Company), peak 
cooling and annual consumption was estimated using India specific benchmarks figures per floor area5 
and rules of thumb. Consumption and peak estimates were sense checked with cooling design figures 
(W/m2) and actual data from operational sites where available i.e. 7 months’ of data was provided for 
TCS 1 (see Hiranandani Estate section below). 

Operators of district cooling systems report that there is an observed diversity of demand i.e. the peak 
demand seen at the Energy Centre is less than the sum of the individual peak demands that are 
assumed to be required at the customers. This can result from a degree of oversizing of the peak 
demand estimates and also because the peak demands may not occur at the same time of day for 
each building, due to variation in occupancy levels and also the influence of solar gain being dependent 
on the orientation of the buildings. Applying a diversity factor to the design means that pipe sizes 
nearest the Energy Centre can be reduced in diameter and the capacity of the central plant can also 
be reduced. A diversity factor of 80% has been applied for the base case design, based on operating 
experience from other district cooling schemes. 
 

Ghodbunder Road 

Introduction to Ghodbunder Road 
 
The area adjacent to Thane’s Ghodbunder Road is characterised by a range of commercial buildings, 
including shopping malls, commercial offices, a hospital, and a hotel. The majority of sites are already 
built and operational, and as such, a district cooling scheme in this location would primarily involve 
retrofit connections, with some potential for the connection of upcoming new development. 
Ghodbunder Road was selected as a preferred location for district cooling in Thane due to the 
availability of diverse, non-domestic cooling loads situated within close proximity of one another and 
because of the interest of building owners.  

The six sites selected for the Ghodbunder Road assessment are located within a ~5km2 area west of 
the Eastern Express highway and East of Vartak Nagar locality (See Figure 5). The area lies at the 
junction of two important roads in the city, the Nashik Mumbai Expressway and the Ghodbunder 

                                                           
3 Data was not made available to ascertain actual cooling system operational performance – COP. A system COP of 2.5 was 

applied to ascertain existing system cooling demand. 
4 Peak cooling demand of a district cooling system is less than the sum of the individual standalone systems therefore an 
80% diversity factor was applied.  
5 https://www.coolrooftoolkit.org/wp-content/uploads/2012/05/Developing-an-ECBC-Implementation-Strategy-in-India-
Report-No.1028.pdf 

https://www.coolrooftoolkit.org/wp-content/uploads/2012/05/Developing-an-ECBC-Implementation-Strategy-in-India-Report-No.1028.pdf
https://www.coolrooftoolkit.org/wp-content/uploads/2012/05/Developing-an-ECBC-Implementation-Strategy-in-India-Report-No.1028.pdf
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Road. The junction connects the city of Thane to Nashik city, Mira-Bhayender, Bhiwandi and Kalyan- 
Dombivali.  

The energy demand assessment area was reviewed, incorporating a review of the information 
presented in the rapid assessment study completed in 2017 and more up to date information shared 
by ICLEI South Asia. Jupiter Hospital, Viviana Mall, and the  TCS (Tata Consultancy Services) Yantra Park 
Campus remain included in the assessment (as selected in the Rapid assessment report). Following 
further discussions and data collection, Korum Mall, Cadbury Company, and Raymond Company were 
also included as additional connections. The assessment has therefore focussed on these six sites.  

It should be noted that we were also made aware of the LODHA iThink commercial offices, located in 
close proximity to the TCS Yantra Park. We understand that the building owners have not yet been 
engaged and data has not been provided for this site therefore it hasn’t been included in the analysis. 
Nonetheless, an initial review of the site indicates that it could be a suitable connection, which would 
lead to an increased cooling demand density across the district cooling network. We recommended 
further investigation into the potential for the connection of this load.  

Data Collection 

The collection of data was led by ICLEI South Asia and involved contacting potential key stakeholders 
to obtain information such as site contacts, energy usage, building and site plans showing locations 
and floor areas, building use and potential occupancy levels and patterns. 

A request for information was submitted to the building owners/operators in order to make an 
estimate of cooling consumption and peak demands. The following information was requested: 

 Background (building age, layout, construction, planned changes etc.) 

 Floor areas and building plans/schematics 

 Maintained space cooling temperatures (per zone) 

 Technical specifications of installed AC plant 

 Cooling consumption data (e.g. hourly cooling output, flow & return temps etc.) 

 Total site electricity consumption data  

 Efficiency of the plant (design and operational COPs) 

 Costs (breakdown of prices for cooling) 

 Plant replacement (summary of plant replacement plans etc.) 

 Heating demand data/plant/operation (e.g. prevalence of DHW) 

 Operating hours 

 Energy efficiency (implemented or planned measures) 
 
A variety of data and information was received from the building owners/operators, as summarised 
in Table 5. The most detailed information was received from Jupiter Hospital and Viviana Mall. Jupiter 
hospital was able to provide daily consumption data (the most granular form received). TCS building 
operators were also able to provide a reasonably granular level of data. Limited information was 
received from Cadbury Company and Raymond Company. In these instances, a number of 
assumptions and benchmarks were required in order to estimate a full annual cooling consumption 
and peak demand profile. Operational efficiencies (CoPs) were not provided (for any site) therefore 
assumptions were made throughout as detailed below.    
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Table 5. Ghodbunder Road Data Collection Summary 

Sr.No. Stakeholder Mode in which 
data was 

shared 

Depth of data 
shared 

Reliability 
level of 

data 

Data Limitations  

1 Viviana Mall  Email 

 Discussions  

Overall system 
parameters and 
monthly electricity 
consumption 
associated with 
cooling plant 

Medium No daily/half 
hourly data 
provided, have 
had to estimate 
operational CoP 

2 Jupiter 
Hospital 

& 

Fortune Park 
Hotel 

 Hard copies 

 Email 

Daily electricity 
consumption 
associated with 
cooling plant 

Medium Manual record-
keeping of data so 
scope for manual 
errors, no BMS 
present, have had 
to estimate 
operational CoP  

3 Korum Mall  Email Overall system 
capacities and 
indicative cooling 
demand daily 
profile  

Low BMS data not 
shared, no 
daily/half hourly 
data provided, 
have had to 
estimate 
operational CoP 

4 Raymond 
Company 

 Discussion  Thumb-rule figures 
and HVAC 
capacities, 
electricity bill 
provided 

Low Very little data 
available, cooling 
demand and CoP 
estimated 

5 Mondelez 
India Ltd. 
(formerly 
Cadbury Co.) 

 Discussion Data provided on 
planned chiller 
capacity (including 
estimated 
proportion of back 
up capacity) and 
floor area for the 
new building  

Low Building is under 
construction, 
measured data 
not available, have 
had to estimate 
cooling demand 
and CoP 

6 TCS Yantra 
Park Campus 

 Email Overall system 
parameters and 
monthly electricity 
consumption 
associated with 
cooling plant 

Medium No daily/half 
hourly data 
provided, have 
had to estimate 
operational CoP 
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Energy Demand Assessment 

Figure 5 shows the location of the sites assessed for the Ghodbunder Road. The figure shows the 
relative estimated cooling demand (diameter of blue circles – see legend). The largest demand is 
estimated to be Viviana Mall equating to 37% of the total cooling load. The smallest load is estimated 
to be Cadbury Company at 3% of the total cooling load. For all sites, an estimated co-efficient of 
performance (CoP) of 2.5 was applied to the chiller consumption data provided. Table 6 shows the 
relevant estimated consumption and peak demand data for cooling and total site electricity.    

Figure 5. Map of Ghodbunder Road Cooling Demand (MWh) 

 

Table 6. Summary of Ghodbunder road estimated cooling consumption and peak demands  

Site Name 
Cooling demand 
estimate6 (ton.h/yr) 

Peak demand 
estimate (TR) 

Total site electricity 
estimate (MWh/yr) 

Jupiter Hospital 1,184,355  616 7,835 

Viviana Mall 5,000,171  3,500 23,441 

Korum Mall 2,223,545  2,145 10,809 

Cadbury Company 458,364  231 1,500 

Raymond Company 1,789,058  1,655 5,800 

Tata Consultancy Services 2,701,384  2,033 16,165 

TOTAL 13,356,878  10,180 65,552 

Due to the lack of actual operational performance data (CoPs), consumption and peak demand 
estimates are expected to have a reasonable margin of error. Future research should aim to clarify 

                                                           
6 chiller consumption requirements multiplied by an assumed CoP of 2.5  
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operational performances of existing equipment, which will enable a more accurate estimate of actual 
cooling consumption. Accurate peak demand data should also be obtained to more precisely assess 
an overall system peak demand figure. 

Hiranandani Estate 

Introduction to Hiranandani Estate 

The sites selected for this part of the assessment are located within a ~6km2 area north of the Thane 
city centre. The site can be found adjacent to Vasai Creek approximately 2km east of where Highway 
48 passes through the northern part of Thane, a map layout is pictured in Figure 6. The estate is an 
upmarket condominium-style township built by the Hiranandani Group spanning more than 300 acres. 
The township includes of a wide variety of commercial and residential building types, including a 
cluster of commercial buildings in the easternmost part of the site. 

 

Figure 6. Hiranandani Estate Layout 

Following discussions with the architect, it was determined that the existing residential buildings 
would not be suitable for connection without major refurbishment of the secondary side systems. 
Cooling in these buildings is provided using split AC systems that are installed on an ad hoc basis by 
the homeowners; these incumbent systems are incompatible for connection to district cooling and 
the developer has very limited influence over this following the sale of property. It is also common for 
homeowners to choose only to air condition certain rooms in their home, meaning that the resulting 
cooling demand is likely lower than would be expected. It may be possible to influence the design of 
upcoming residential buildings across the estate, selecting a centrally cooled system that would be 
compatible for connection to district cooling. However, the architect expressed that this is seen as a 
barrier to sale and would represent a significant diversion from the status quo with respect to the air 
conditioning of residential buildings in India. Consequently, we have excluded all residential sites from 
the current analysis in order to remain conservative; however, it is recommended that further 
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engagement is conducted with the developer to understand the potential to influence the design of 
upcoming residential buildings in Hiranandani Estate.  

Figure 7 and Table 7 provide an overview of all buildings considered for connection to a district cooling 
system in Hiranandani Estate, and an explanation for their inclusion or exclusion in the analysis. 
Following this investigation, six suitable sites were selected due to their relatively high loads and 
proximity to each other. At the time of site selection, only one of the sites had been constructed, 
therefore the assessment is based on the assumption that all sites would eventually be built and 
connect into the network. As can been seen in the cooling demand assessment section below, the 
selected sites are anticipated to have sizable cooling demands due to the commercial/data centre 
driven loads.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Upcoming commercial buildings in Hiranandani Estate 

 

Table 7. Description of upcoming commercial buildings in Hiranandani Estate 

ID Name Description Status 

1 
TCS 2 Building under construction, plan to use 

centralised chilled water cooling system 
Included in the 
assessment 

2 
TCS 1 Existing building using centralised chilled water 

cooling system 
Included in the 
assessment 

3 

Bayer Company 
Corporate Office 

Existing commercial building using VRV system Excluded due to 
incompatibility of 
cooling system 
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4 
Upcoming hotel 

building 
Planned building that will use centralised 
chilled water cooling system 

Included in the 
assessment 

5 

Business Hub 1 Business hub under construction, will house 4 
office spaces of 1,000 m2 each. Each office will 
be sold out in retail. Hiranandani will have no 
influence over cooling systems, most offices 
will have their own AC system, but this won’t 
necessarily be centralised. If site is connected, 
will likely need to convince 150 society 
members.  

Excluded due to likely 
incompatibility of 
cooling system and 
commercial 
complexity 

6 

Business Hub 2 Business hub under construction, will house 
300 offices of 300-500 m2 each. Each office will 
be sold out in retail. Hiranandani will have no 
influence over cooling systems, most offices 
will have their own AC system, but this won’t 
necessarily be centralised. If site is connected, 
will likely need to convince 300 society 
members. 

Excluded due to likely 
incompatibility of 
cooling system and 
commercial 
complexity 

7 IT Building 1 Planned IT Building with a total FSI area of 
30,000 m2. Likely tenant is IT Giant Amazon, 
but deal not yet finalised. Building will be 
constructed within a year. Will likely use 
centralised chilled water cooling system.  

Included in the 
assessment 

8 IT Building 2 Planned IT building with a total FSI area of 
75,000 m2. Client not yet finalised, building is 
expected to be constructed within two years. 
Will likely use centralised chilled water cooling 
system. 

Included in the 
assessment 

9 IT Building 3 Planned IT Building with a total FSI area of 
75,000 m2, expected to be constructed in two 
to three years. Still in concept stage, plan is to 
seek approval for a commercial IT building. If 
market conditions are not favourable, the plot 
may alternatively be used for a residential 
building.   

Included in the 
assessment 

10 Waste facility Small biomethanation plant that will process 5 
Tonnes of waste per day, generating power to 
be used for auxiliary heaters. Considered as 
waste heat source, but unlikely to be of 
sufficient scale for cost effective extraction and 
a lack of information provided about the 
system design. 

Excluded from the 
assessment  

Data Collection 

A request for information was submitted to the building owners/operators of TCS 1 to estimate 
cooling consumption and peak demands (as per the above data collection section for Ghodbunder 
Road). However, as the majority of sites included were not yet constructed (at the time of request), 
Carbon Trust instead requested the following evidence to approximate cooling demands and peak 
consumption from design information: 
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 Building floor plans and floor areas 

 Design specifications for cooling plant (where available) 

 Cooling design metrics (W/m2) 

 India and building specific energy/cooling benchmarks (Ton.hr/m2/year) 
 
The information received was then used to estimate chiller consumption, cooling demand, and peak 
demands. Table 8 provides a summary of the data received.   
 
Table 8. Hiranandani Estate Data Collection Summary 

Sr.No. Stakeholder Mode in 
which data 
was shared 

Depth of data 
shared 

Reliability 
level of data 

Data Limitations  

1 Hiranandani 
Developers 

 Email, 
Discussion 

High-level data 
reflective of 
planning stage of 
most buildings. 
Estimated floor 
areas and 
locations for 
each building 
provided. 

Low - At this 
stage, very 
limited data 
is available 
with even 
the owner of 
the 
buildings.  

 

Very likely to change 
as development 
plans evolve. Next 
steps would to 
receive: floor plans, 
number of storeys, 
more detail on the 
building use, location 
of plant room, detail 
on planned HVAC 
capacities, flow and 
return temps etc.  

2 TCS 
Hiranandani 
Estate 

 Email, 
Discussion 

Overall system 
parameters and 
daily electricity 
consumption 
associated with 
cooling plant 

Medium No half hourly data 
provided, have had 
to estimate 
operational CoP 

 

Energy Demand Assessment 

Figure 8 shows the location of the sites assessed for Hiranandani Estate. The schematic indicates the 
relative estimated cooling demand (diameter of blue circles – see legend). The largest demand is 
estimated to arise from IT buildings 2 and 3 requiring over 50% of total cooling. For all sites, a co-
efficient of performance (CoP) of 3.5 was applied to the estimated chiller consumption data7, 
reflecting the higher level of efficiency expected in the new buildings and newly installed chiller plant 
compared with that of the existing buildings in Ghodbunder Road. Table 9 shows the relevant data 
associated with consumption and peak demand estimates for cooling and total site electricity. Figures 
are based on India specific benchmarks1 except in the case of TCS 1 where 7 months of chiller 
consumption data was used to approximate an annual consumption profile.       

                                                           
7 Chiller consumption data not available – estimated using floor areas and design benchmarks – W/m2 
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Figure 8. Map of Hiranandani Estate Cooling Demand (MWh) 

Table 9.  Summary of Hiranandani Estate estimated cooling consumption and peak demands  

Site Name 
Cooling demand 
estimate8 (ton.hr/yr) 

Peak demand 
estimate (TR) 

Total site electricity 
estimate (MWh/yr) 

TCS 1 4,226,310 3,487 18,230 

TCS 2 2,626,512 2,167 11,329 

Hotel 865,614 199 1,740 

IT building 1  5,194,983 907 10,440 

IT building 2 12,987,458 2,267 26,100 

IT building 3 12,987,458 2,267 26,100 

TOTAL 38,888,334 11,295 93,938 

Due to the absence of consumption data (ton.hr), consumption and peak demand estimates are 
expected to have a significant margin for error (greater than Ghodbunder Road). Further research 
should to aim to conduct dynamic simulation modelling to more accurately estimate consumption 
profiles of the proposed sites. Where sites become operational, hourly or half-hourly cooling system 
electricity use and operational data should be obtained. Subsequently, annual cooling load duration 
curves should be produced. Additionally, local climatic conditions should be accounted for in any 
future modelling.  

 

 

                                                           
8 chiller consumption requirements multiplied by an assumed COP of 3.5 



 

 

3. Energy supply assessment 
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Overview of technology options 

Introduction 

District cooling involves generating cooling energy in the form of chilled water at a centralised energy 
centre and distributing the chilled water to a number of buildings to meet their cooling requirements. 
District cooling has the potential to provide a variety of benefits9 including: 

 Reducing greenhouse gas emissions and improving air quality: district energy systems can 
reduce primary energy consumption by 30-50% and can transition away from more pollution-
intensive fuels also resulting in air quality improvements. For example, Tokyo district cooling 
and heating systems emit 50% less Co2 compared to individual systems.  

 Taking advantage of local renewable resources: district cooling and heating systems are 
currently one of the best ways of integrating renewable energy into the production of cooling 
or heating. These systems can take advantage of period of oversupply of renewables through 
thermal storage.  

 Improving the energy efficiency of buildings: District cooling in Dubai can reduce electricity 
consumption by 50% compared with other forms of cooling, In Japan, high CHP efficiencies 
has made it possible to reduce imports of natural gas, and in Frankfurt, Germany and in 
Rotterdam, the Netherlands has shown that district energy can be a more cost-effective 
measure than retrofitting buildings.  

 Increasing resilience: district cooling systems can reduce peak power demand, in turn 
reducing the risk of brownouts. For example, its estimated that in Kuwait City, district cooling 
could reduce peak demand by 46% and reduce annual electricity consumption by 44%.  

 Creating wealth through the green economy: district energy can create wealth through 
reducing fossil fuel expenditure, generating local tax revenue, creating employment, and 
deferring investment in power generation expenditure. For example, Oslo estimates that 
district energy is related to 1,375 full-time jobs and Toronto earned US 89million from selling 
43% share of its district energy system.  

For the project to be financed, the centralised cooling plant needs to generate cooling energy more 
efficiently and at lower cost than chillers in each building. In addition, the district cooling system needs 
to offer environmental advantages, including a reduction in greenhouse gases, for it to gain 
stakeholder support. Figure 9 provides a visualisation of a typical district cooling network.  

                                                           
9 Sources of benefits facts and figures: UNEP. District Energy in Cities: Unlocking the potential of energy 
efficiency and renewable energy. 
http://www.districtenergyinitiative.org/sites/default/files/publications/districtenergyreportbook-
07032017532.pdf 

http://www.districtenergyinitiative.org/sites/default/files/publications/districtenergyreportbook-07032017532.pdf
http://www.districtenergyinitiative.org/sites/default/files/publications/districtenergyreportbook-07032017532.pdf
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Figure 9.  District Cooling Graphic (Image concept based on State of Green, Copenhagen Solutions for Sustainable Cities 
2012 and subsequently adapted) 

A range of technologies can be used to generate the chilled water in the central energy centre. These 
can be grouped as either electric driven chillers or heat driven chillers and within these broad 
categories there are several variants.  

A third category can be described as ‘free cooling’ using ambient sources such as rivers, lakes, or the 
sea provided these sources are a sufficiently low temperature. It is also possible to obtain free cooling 
where a heat pump is being used to generate heat as the heat source for the heat pump may be 
lowered in temperature sufficiently for it to act as a district cooling source. It is not anticipated that 
any of these free cooling options are available for the Thane district. 

Any district cooling system needs to reject the heat taken out of the buildings to the ambient 
environment and there are various options available, depending on the local circumstances.  

The use of cooling storage is also often used in conjunction with district cooling as this brings a number 
of benefits including: operating the chillers more at night using lower cost electricity and lower 
ambient temperatures, reducing the capacity of the chillers by meeting short-term peaks from the 
store and managing the load on the chillers to optimise efficiency. The benefits of storage and a 
preliminary cost benefit analysis are discussed later in this chapter in the cooling storage section. 

This section reviews the technology options available and concludes with the assumptions used for 
the base case analysis in this report. However, a more detailed comparison of the options is 
recommended during the next stage of project development. 

Electric driven 

Electric driven chillers are the most common form of producing cooling. In this instance, a closed cycle 
refrigerant is taken through four stages: 

• Compression of gas to high pressure increasing its temperature; 

• cooling of the gas in a condenser to return the fluid to liquid; 
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• expansion of liquid to low pressure resulting in a reduction in temperature; and 

• heating the liquid to return it to a gas. 

It is the last stage that provides the cooling of the buildings, the heat rejected from the building into 
the chilled water is used to heat and boil the refrigerant liquid. 

Although a number of different compressor technologies are available (e.g. centrifugal, screw, scroll) 
it is the refrigerant used that is the main differentiator between chillers. 

Choice of refrigerant 

The Montreal protocol signed in 1987 has resulted in the progressive elimination of the CFC and HCFC 
refrigerants that were used widely in air-conditioning. As a result, the damage to the ozone layer is 
slowly being repaired. Alternative refrigerants were produced with zero ozone depleting potential, 
termed HFCs, the most common for large-scale chillers being R134a. An amendment to the protocol 
was signed in 2016 in Kigali which sets out requirements to cap the production of HFCs as although 
HFCs do not damage the ozone layer, they do have a global warming impact if released into the 
atmosphere. The predicted global growth in air-conditioning combined with the fall in fossil fuel use 
means that the global warming impact of refrigerant gases will become more significant over time.  

The Kigali Amendment will enter into force on January 1, 2019 and will phase down the use of 
hydrofluorocarbons (HFCs), including R134a. Figure 10 depicts the different phase down schedules for 
developed countries (Article 1 countries (A1)), developing countries (Article 5 (A5) group 1 countries), 
and developing countries with hot climates (Article 5 (A5) group 2 countries).  

 

  

 

 

 

 

 

 

 

Figure 10. Kigali Amendment HFC Phase Down by year 
(UK secretary of State for Foreign and Commonwealth Affairs. 2017. Kigali Amendment to the Montreal Protocol on 
Substances that Deplete the Ozone Layer. Online. < 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/642391/Kigali_Cm94
96_Print.pdf> accessed 29/10/2018.) 

 
India is one of the countries in Article 5 group 2 which means that their HFC phase down is set to begin 
in 2032 (the anticipated 14th year of operation for the cooling network) and will be reduced down to 
15% by 2047 (the anticipated 29th year of operation for the cooling network). Whilst India has 
committed to a slower rate of HFC phase down than A1 and A5 group 1 countries, its worth noting 
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that the country is already contemplating more immediate efforts to reduce HFC manufacturing use, 
as can seen in the draft India Cooling Action Plan10. 
 
Against this backdrop, developers of district cooling systems need to consider carefully the options for 
refrigerant use. Whilst Lithium Bromide heat driven absorption chillers have been included in the 
analysis, that have no global warming impact, it is likely that an optimal economic solution for district 
cooling in Thane will include some element of electrically driven vapour compression chillers. The 
available refrigerants for this type of chiller falls into three categories: 
 

• HFCs –  continue with R134a and ensure leakages are minimised, recognising that in the longer 

term the refrigerant supply may become more constrained and more expensive, global 

warming impact = 1430 (i.e. 1430 times the impact of a unit of CO2). 

• ‘Natural’ refrigerants which have no global warming impact, the most commonly used 

refrigerant in district cooling of this type is ammonia (NH3); this can result in higher efficiency 

chillers however the safety risks need to be fully understood and mitigated. Ammonia is also 

commonly used in industrial applications e.g. low temperature warehouses. 

• HFOs also known as u-HFCs where the most suitable are R-1233zd, R1234yf or R514A (global 

warming impact of <10), again, safety and wider environmental risks and impacts need to be 

assessed and mitigated. 

Each of these refrigerant options have different characteristics and a full comparison is 
recommended for the next stage of work. The following sections detail the environmental, safety, 
and cost considerations that should be weighed for each refrigerant option during the next stage of 
work. It’s worth noting that there may be a tendency to lean towards HFCs, the currently prevailing 
refrigerant option and the option that is more familiar to technicians. However, it’s important not to 
discount HFOs and ‘natural’ refrigerants. The Kigali amendment means that HFCs increasingly may not 
make the most sense from a cost perspective. Additionally, the Kigali amendment also facilitates a 
future market transition away from HFCs, as such, it’s important that projects take a forward-looking 
approach.  Furthermore, increasingly we seen that the safety risks of non-HFC options can be 
adequately managed in new markets, as is happening with ammonia in Colombia and Jordan, and in 
urban environments, as can be seen with the use of ammonia at various locations in London.  

Environmental impact 
 
The main reason for limiting the use of R134a is that it has a high global warming potential (GWP) 
when released to atmosphere. However, normally the total global warming impact (TGWI) associated 
with the electricity use of the chiller is much more significant than the TGWI associated with 
refrigerant leakage/disposal. Because of this, it will be important to compare not just the GWP of the 
refrigerant but also its impact on the efficiency of the chillers, otherwise the benefit of using an 
alternative refrigerant could be negated by increased emissions from electricity use. Other 
environmental issues have been identified in relation to both the manufacture and leakage of HFOs. 
For example, HFOs decompose into tri-fluoro acetic acid, which will persist in the atmosphere. A total 
life cycle environmental impact assessment is recommended during the next stage of analysis. 
 
Safety 

One of the reasons that conventional refrigerants were developed is that there are fewer safety 
concerns associated with their use. By contrast, both ammonia and HFOs have significant safety issues 
(ammonia is highly toxic) and both are classified by ASHRAE as slightly flammable. One of the 

                                                           
10 Draft India Cooling Action Plan. September 2018. 
http://www.indiaenvironmentportal.org.in/files/file/DRAFT-India%20Cooling%20Action%20Plan.pdf 

http://www.indiaenvironmentportal.org.in/files/file/DRAFT-India%20Cooling%20Action%20Plan.pdf
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advantages of ammonia is that it is readily detected by humans at low concentrations of 5ppm 
whereas levels dangerous to health are >300ppm. In contrast, a leak of HFO refrigerant would not be 
detectable by humans and would displace oxygen in the space. Ammonia has a lower ignition 
temperature than HFOs and requires a higher concentration for combustion.  

In both the case of ammonia and HFOs, the design of the energy centre needs to provide:  

• Restricted access sealed compartments for each chiller; 

• removal of ignition sources from the compartment; 

• an emergency ventilation and dilution system; 

• high-level discharge in the event of a leak; and 

• continuous monitoring to detect leakage.  

These design features, combined with staff training and clear operating procedures, have normally 
been sufficient to mitigate the safety risks to acceptable levels. For both classes of refrigerant, 
designing a chiller system to use a low volume of refrigerant charge will also reduce risks, and it should 
be noted that the volume of ammonia required for a given cooling effect is much less than for HFOs.  

The proposed energy centre concept for Thane involves a separate building some distance away from 
the general population. A number of examples of district cooling schemes using ammonia in urban 
areas can be cited e.g. the London 2012 Olympic Park scheme (35MW), Terminal 5 Heathrow (40MW) 
and Chicago USA (350MW). All of these systems house the chillers in separate dedicated energy centre 
buildings. Further examples can be found in Amman, Jordan and Medellin, Columbia. Ammonia is also 
widely used in industrial applications e.g. for low temperature warehouse facilities. 

Cost 
 
The capital and operating costs of the district cooling system, will be affected by the choice of 
refrigerant. In capital cost terms, the chiller itself and associated safety features will vary and in 
operation the cost of refrigerant make-up will need to be predicted. 
 
It is worth noting that the Kigali Amendment to the Montreal Protocol could significantly increase the 
price to purchase top-up HFC 134a during the district cooling network’s lifetime. In 2015, before the 
Kigali Amendment was ratified, the EU began its own HFC phase-down programme. The EU phase 
down results show substantial price increases of over 200% for R134a. Both the phase down schedule 
and the price increases can be seen in Figure 11. 
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Figure 11. EU HFC phase down schedule and observed price changes to R134a and R410a between 2015 and 2017. 
( EU, Oko-Recherche. 2018. Monitoring of refrigerant prices against the background of the F-gas Regulation (EU) No 
517/2014. Online. < https://industriaeformazione.files.wordpress.com/2018/06/webinar_hfc-price-monitoring_29-
may_c3b6ko-recherche.pdf> accessed 29/10/2018) 

 

Heat driven 

The main alternative to electric-driven cooling is chillers that use heat as the energy source. There are 
three cycles available: 

• Absorption – uses a Lithium Bromide salt in solution in water and works on the principle that 
a concentrated salt solution can be used to absorb water vapour which can then be 
pressurised using a low power pump; 

• Adsorption – similar to absorption cycle but works on a batch process rather than 
continuously; and 

• Desiccant – this is an open cycle using water as the refrigerant and is typically applied to air 
streams at a building level. 

Of these, the absorption cycle is the most widely used in larger-scale district cooling applications. 

There are two types of absorption chillers available, single effect or double effect. The double effect 
chiller is more efficient (CoP of c1.2 compared to c0.7 for single effect), but is significantly more 
expensive and complex to operate. It also requires a higher temperature heat source, which can offset 
its efficiency advantage.  

A range of heat sources can be used for absorption chillers although it should be noted that 
temperatures in excess of 90°C are normally required for cost-effective chillers. These sources are 

• District heating – where available at appropriate temperatures in cooling season 

• Natural gas – direct firing 
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• Steam or hot water – generated from any boiler plant using fossil fuels, biomass or waste fuel 
, where the heat is available at temperatures above 120°C, steam is usually preferred to 
(pressurised) hot water 

• Heat recovery from power generation - using reciprocating engines at the energy centre, also 
termed Combined Cooling Heat and Power (CCHP) or tri-generation 

• Steam extraction from thermal power stations, such as an energy from waste plant – may 
be too remote from the district cooling energy centre and the impact on the electricity output 
of the power station needs to be considered. This may be a good option where a district 
heating supply is also viable. 

•  Heat recovery from industry – where suitable high temperatures exist 

• Solar thermal panels – depends on sufficient area (land or building roofs) being available – 
has the benefit that maximum output occurs when solar energy is at a maximum which is 
likely to be at the time of maximum cooling demand 

• Deep geothermal – where suitably high temperatures exist 

Although in principle heat generated from a heat pump with a low temperature heat source (such as 
the ground or river) could be used to supply an absorption chiller the overall CoP for this system would 
be less than that from an electric chiller. 

As absorption chillers use a water-based refrigerant, the chilled water temperature supplied is 
normally above 6°C to avoid freezing. There are also restrictions on the maximum and minimum 
temperatures allowable in the heat rejection heat exchanger. 

Clearly local circumstances will influence the choice and some of the above will not be 
feasible/available in a given location. Where natural gas is available, the use of CCHP (tri-generation) 
is preferred on environmental grounds over direct gas-firing. However, the CO2 savings from of tri-
generation over electric chillers depend on the source of the national grid electricity supply and its 
emission factor. Where the grid is coal based with a CO2 emission factor of c800g/kWh gas-fired tri-
generation will have a significant environmental benefit. Where the electricity grid is based on natural 
gas the CO2 benefit will be more marginal. The financial benefit of CCHP will depend on the relative 
prices of gas and electricity. 

Generating electricity locally with a CCHP system has the potential to improve resilience of the 
electricity supply and save on investments in the wider power generation and transmission system. 

Where the heat source is a spark-ignition gas-engine CHP some heat is available at suitable 
temperatures to supply a double effect chiller from the exhaust (at c120°C) with the balance available 
at c90-95°C which is suitable for the single effect chiller. Hence a more complex absorption chiller 
linked to gas-engine CHP can be used with two different heat recovery circuits at these different 
temperatures. Whether the additional cost and complexity can be justified should be investigated 
further during the next stage of project development. 

Where there is availability of low carbon, low cost heat for use in absorption chillers it is possible to 
also supply this heat in the form of hot water via a district heating system which would generate 
additional CO2 savings. This option has not been analysed as part of this project but could be 
considered for any buildings with a significant need for heating (e.g. hospital, hotels, laundry). 
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Optimal sizing of centralised chiller plant 

As a CCHP plant has a relatively high capital cost it would be common for this to be sized to meet the 
base-load of the cooling demand with the lower cost electric chillers used to meet the balance of the 
demand in the high demand periods. An economically optimal size of tri-generation plant can be 
determined by varying the CCHP capacity and calculating the lifecycle costs for a range of sizes. 

Heat rejection 

Any centralised cooling plant needs to reject the heat taken from the buildings to the ambient 
environment. The temperature at which the heat is rejected determines the efficiency of the chillers, 
the lower the temperature the higher the chiller efficiency. There are a number of options to reject 
the heat: 

 To the air, using dry air coolers – the temperature the heat is rejected is set by the ambient 
dry bulb temperature. This is likely to be a common approach used by the alternative of 
chillers at each building so will not provide an efficiency benefit for district cooling and it may 
be too high a temperature for an absorption chiller. 

 To the air using evaporative cooling towers – in this case the temperature the heat is rejected 
is set by the wet bulb temperature which is normally significantly lower than the dry bulb 
temperature except in very humid climates. 

 To a water body e.g. a river, lake, or the sea – the temperature of these heat sinks may be 
significantly lower than the air e.g. where the river is flowing from a mountainous region and 
includes snow melt in early summer or where there is a cold ocean current.  

 To the ground – using a closed loop heat exchanger or an open loop where a suitable water 
aquifer exists. Such systems are often used in northern climates in combination with a ground 
source heat pump system taking heat from the ground in winter. 

The most likely technology for Thane is the evaporative cooling towers. The main drawback is that the 
evaporation results in a loss of water, which has to be made up by using the public water supply. An 
alternative would be to use or a local ground water source that would require some limited treatment 
to meet the quality requirements for the condenser water system, but could be cheaper than a 
potable water supply. Another option for the water supply is to use treated sewage effluent (TSE) 
which has been used in the Middle East where water supply is restricted and expensive as it is mainly 
supplied from desalination plants. The main safety concern is ensuring that legionella bacteria is 
controlled, usually by chemical means. The bacteria will grow more rapidly if there are nutrients in the 
water so regular cleaning of the towers is important. A water supply that is relatively clear of such 
nutrients is also preferred (untreated river water is unlikely to be suitable) and so mains water 
supplied by TMC is preferred for this reason. Further investigations into alternative water supply 
options should be carried out in the next stage, however the cost savings from these options will be 
relatively small. 

Cooling storage 

It can often be of benefit to decouple the cooling demand profile over the day with the production of 
the cooling energy through the use of a cooling store. There are four potential benefits of using cooling 
thermal storage: 



Thane District Cooling Pre-Feasibility Studies 

UN Environment District Energy in Cities Initiative  | 42 

• Electricity is typically lower cost at night compared to the price in the afternoon so generating 
cooling at night for use the following day can reduce operating costs. 

• On the hottest days the peak cooling demand may only occur for a few hours in the day and 
if the cooling store is used to help meet the peak demand for these few hours and then refilled 
overnight, the capacity of the chillers can be reduced leading to a reduction in capital costs. 

• When cooling is generated at night the ambient temperatures can be much lower in some 
climates resulting in higher chiller efficiencies. 

• As the chiller operation does not need to exactly follow the varying demand the chillers can 
be operated more closely to their optimal operating load thus improving efficiency. 

Cooling storage is normally more difficult to arrange within buildings where space is at a premium so 
this is a design concept where district cooling can offer an advantage over local chillers. However, 
storage at customer’s premises does provide additional resilience in the event of a fault with the 
district cooling supply and would allow the district cooling system to be shut down for maintenance 
purposes for short periods. For this report we have only considered centralised storage.  

There are three possible technologies for the store: 

• Chilled water storage – the simplest solution is to simply store the chilled water in a large 
cylindrical tank, normally part of the main chilled water circuit. The disadvantage is that the 
volume required is large given the limited temperature range within the chilled water circuit 
– normally 6-9°C. 

• Ice storage – this has been popular in the US for many decades and as it uses the latent heat 
of the change of state from water to ice the volumes required are much reduced (c25% of the 
volume of a chilled water store). However, the disadvantage is that the chillers need to 
operate at lower temperatures which limits the technology selection (absorption chillers 
cannot produce ice) and the chiller is also less efficient when operating at the lower 
temperatures required for ice production. 

• Phase change material (PCM) – this involves adding a salt compound to water so that the 
freezing temperature is increased to around 6-9°C which can then be used in conjunction with 
a district cooling system. The volume of store required is reduced but there is an added cost 
for the PCM itself and this is contained in a separate circuit so there is a temperature 
difference required to transfer the heat into and out of the store which impacts on chiller 
efficiency. 

Cooling storage in Thane 
 
The profile of the cooling demand over a 24 hour period depends on a number of factors: occupancy 
periods, variation in ambient temperatures, solar gain and the impact of internal heat gains from 
lighting and IT equipment. The relative importance of these will vary with the type of building use and 
its design. The profile for an office building will depend on occupancy, the size and type of glazing and 
its orientation whereas the cooling profile for a datacentre will depend mainly on how the equipment 
load varies. At present the 24 hour variation in cooling demand over the year and on the peak day for 
the buildings to be connected is not well understood. To illustrate the principles of thermal storage 
we have taken two assumptions: 
 

 Case A – where the peak demand on the design day occurs for an 8 hour period e.g. 10am to 

4pm which might be the case for example for a retail centre 
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 Case B – where the peak demand on the design day occurs for a 4 hour period e.g. 12 noon to 

4pm which might be the case for an office building strongly influenced by solar gain in the 

afternoon 

The costs of thermal storage have been obtained from district cooling companies operating in the 
Middle East. It was found that a typical size was around 3000-5000m3. If larger stores are required 
then multiple stores would be constructed. We have therefore based the illustration on a 4000m3 
thermal store. This provides a reduction in chiller capacity of between 12% (Case A) and 24% (Case B). 
The cost of electric chillers have been assessed on a per RT basis using the same data as for the main 
financial model.  The results of the calculation are shown in the table below. 

Table 10.  Cooling storage in Thane 

  
Case A Case B 

Size of store m3 4,000 4,000 

delta T in store C 6 6 

max energy stored MJ 100800 100800 

hours of peak hrs 8 4 

rate of discharge kW 3500 7000 

rate of discharge TR 995 1990     

cost of store Rs/m3 29319 29319 

cost of chiller Rs/kW 16843 16843 

cost of chiller Rs/TR 59236 59236     

cost of store Rs 117276000 117276000 

saving on chiller cost Rs 58949945 117899891 

net cost of store Rs 58326055 -623891 

 
It can be seen that in Case A with an 8 hour peak period there is a net cost for the thermal store so 
the store is not justified purely on reducing the chiller capacity. However, in Case B with a 4 hour peak 
period the cost of the store is slightly less than the cost of the chiller capacity. 
 
The second benefit considered is the potential saving in electricity cost by operating more at night 
than during the day. The maximum financial benefit can be calculated assuming the store is fully 
charged using night rate electricity and discharged during the peak day period each day of the year. 
This is shown in the table below. 

Table 11. Cooling Storage in Thane 

Size of thermal store 4,000 m3 

maximum energy stored at night 100800 MJ 

maximum energy stored at night 28000 kWh 

CoP of electric chillers 5 
 

electricity required for this cooling storage 5600 kWh 

electricity night price 12.65 Rs/kWh 

electricity day price 14.95 Rs/kWh 

difference in price 2.3 Rs/kWh 

value obtained from store 12880 Rs/day 

max value over year 4701200 Rs p.a. 
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When comparing this benefit with the net cost of the store calculated above for Case A it can be seen 
that the payback period is 58326055/4701200 = 12 years. 
 
In conclusion, the economic case for the thermal store is marginal for the case with an 8 hour peak 
duration after taking account of the use of the store to maximise the use of night rate electricity. For 
the case with a 4 hour peak duration the cost of the store is slightly less than the cost of the chiller 
capacity and the greater use of night rate electricity will provide an additional saving of up to 4701200 
RS p.a. A more detailed economic case can only be made if there is a detailed prediction of the demand 
profile over 24 hours on the peak cooling days. 
 
For this report we have taken a pessimistic view and not included any benefit from the incorporation 
of thermal storage. However, we recommend that the use of a thermal store is considered further 
during the next stage of development when other issues such as space availability and visual impact 
will also need to be considered. 

District cooling distribution network 

The district cooling network typically operates as a closed circuit with a flow temperature of 5°C and 
return temperatures of 12°C to 16°C. The higher the return temperature the more cost-effective the 
cooling network will be but to achieve temperatures above 12°C would normally involve some 
additional investment within the buildings themselves (e.g. larger air-handling unit coils or use of 
chilled beams). 

Although heat gains from the environment will be relatively small, especially with buried pipe it is 
normally necessary to insulate the pipes. To prevent condensation on the pipes the insulation needs 
to be vapour sealed. A common solution is to use pre-insulated pipe, which is produced for district 
heating applications; the European standard EN253 and associated standards defines this type of 
system. This consists of sections of steel pipe within a polyurethane foam insulation and a high density 
polyethylene outer casing. The pipes are delivered in 12m lengths and are welded together on site. 
An outer casing joint closure is formed over the weld and foam insulation injected into the cavity. This 
provides an efficient system that is sealed against water ingress resulting in a long life. These pipes 
also incorporate wires that detect the ingress of water either from the ground or from the chilled 
water and give early warning of any faults so that repairs can be made before any corrosion damage 
or significant loss occurs (see European standard EN14419). 

An alternative is to use polyethylene or polybutylene for the carrier pipe however these pipe systems 
are typically more expensive at the larger diameters required for district cooling. 

Building connection 

At the connection to the buildings, the district cooling water can either pass directly into the building’s 
cooling systems - known as a direct connection system - or transfer the cooling across a plate heat 
exchanger so that the district cooling water is kept separate from the building heating system – known 
as an indirect system. To transfer the cooling across a heat exchanger requires a temperature 
difference such that the district cooling temperatures need to be lower than the temperatures of the 
building's cooling system. A lower district cooling temperature results in less efficient chillers so in 
terms of energy efficiency a direct connection is preferred. However, the district cooling developer 
will need to be assured that the building’s chilled water circuit is suitably rated for the pressures in 
the district cooling network and that the water quality has been controlled so that corrosion products 
do not enter the district cooling system. Because of these issues it is often the case that an indirect 
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system is installed using a plate heat exchanger designed for as small a temperature drop across it as 
practical. 

Customer side improvements 
 
An efficient district cooling system will partly depend on how the customer’s cooling system has 
been designed and how it operates in practice. The main requirements are: 
 

• operating with flow temperatures not less than 6°C and ideally higher temperatures; 

• return temperatures above 12°C and ideally higher; 

• a variable volume circuit using 2-port control valves so that return temperatures do not fall 

under part-load as would be the case with a constant volume system using 3-port control 

valves. This enables the district cooling system to operate with variable volumes, reducing 

pumping energy. 

Discussions with potential customers should seek to establish how the existing cooling circuits are 
operated and controlled and agree any necessary changes in advance of the connection. This can be 
difficult to achieve as such changes may be seen negatively by customers. It would be particularly 
useful if agreement can be reached that the customer’s cooling systems can be operated at slightly 
higher temperatures e.g. 7°C flow 14°C return as this will improve efficiencies of the chillers and enable 
absorption chillers to be used to meet more of the demand. This may be possible provided the demand 
for dehumidification is not too great. Detailed calculations will be required on the operating 
characteristics of existing equipment and the required cooling and dehumidification demands. 

Technologies selected for Thane 

From the above discussion and with the information currently available, the following technologies 
have been selected as the most appropriate for district cooling systems at both the Ghodbunder road 
and the Hiranandani Estate locations: 

 CCHP using natural gas as fuel, spark-ignition gas-engine CHP and single effect absorption 
chillers, optimally sized, operating to supply 6°C chilled water from 95°C heat recovered from 
the gas-engine; 

 electric chillers for using R134a refrigerant, normally supplying at 5°C, in the CHP option these 
are used to supplement the output from the absorption chillers during period of higher cooling 
demand and at times of peak will operate to supply 4.5°C so that a mixed temperature of 5°C 
is delivered to the network; 

 evaporative cooling towers using mains water supply; 

 pre-insulated pipe sized for 5°C flow 11°C return under peak conditions; 

 indirect connection to buildings via brazed plate heat exchangers with 1-2°C approach 
temperature depending on their requirements. 

It is recommended that the benefits of thermal storage and double effect absorption chillers are 
considered further during the next stage of project development. In addition, the selection of 
refrigerant for the electric chillers is a critical element of the design and the options need to be 
compared and evaluated in a holistic way at the start of the next stage. Although it is considered 
unlikely that other options will be viable, they should still be kept under review, e.g. heat recovery 
from industry, heat rejected from waste to energy plants or solar thermal heat could be used in 
conjunction with absorption chillers. 
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Ghodbunder Road 

Energy source assessment 

A summary of potential energy sources for use in the Ghodbunder Road district cooling network is 
outlined in Table 12.  

Table 12. Summary of potential energy sources considered for Ghodbunder Road 

Energy Source High level technical viability considerations Status 

Heat recovery from power 
generation using CCHP 

• Mahanagar Gas operates two gas networks 
in Thane. Following consultation, it was 
determined that it is feasible to connect to 
the gas network at the Ghodbunder road 
location. 

• Project would provide good carbon savings 
in short and medium term given the 
displacement of the electricity grid, which is 
predominantly coal-based 

• Well established technology compatible 
with existing and future secondary side 
systems 

• Significant opportunity for private wire 
network 

Taken forward in the 
assessment 

Electric driven chillers 

• Engagement with Maharashtra State 
Electricity Distribution Company 
determined that connection to electricity 
grid is feasible 

• Well established technology compatible 
with existing and future secondary side 
systems 

• Potential to increase operational efficiency 
compared with standalone building-level 
chiller plant 

• Would provide more limited carbon savings 
given use of electricity as the primary fuel 

• Lower cost and could be combined with 
CCHP 

Taken forward in the 
assessment 

Steam extraction from 
thermal power stations 

• A large waste incinerator is planned in 
Thane 

• Will be located circa 12km away from 
Ghodbunder Road, likely to be too remote 
to be cost effective for the level of demand 
identified. Could be viable as a future heat 
source 

• No further details provided 

Excluded from the 
analysis – but 
recommend that this 
site is considered as a 
future waste heat 
source for district 
cooling in Thane 

Solar thermal 
• Solar irradiance levels are very high, with 

over 200 MW/km resource available 
Excluded from the 
analysis  
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• Could not identify significant land or roof 
availability within close enough proximity to 
the Ghodbunder Road demands 

Heat recovery from 
industry 

• Based on information available, we could 
not identify the presence of any industrial 
sites with a sufficient level of waste heat 
available 

Excluded from the 
analysis 

Ambient water sources 

• Nearest ambient water source is Ambe 
Ghosle Lake, located around 1.5 km away 
from the preferred energy centre location, 
which would not be sufficiently close  

• A walk around indicated that levels of 
pollution in the lake are high, which could 
affect operation 

• Will not be suitable for free cooling or heat 
rejection as temperatures are not low 
enough 

Excluded from the 
assessment 

 

Energy Centre Location Assessment 

The map in Figure 12. Potential energy centre locations at Ghodbunder Roadbelow shows the three 
locations that we examined as potential sites for the energy centre. Ultimately, location 1, north of 
Jupiter hospital was preferred due to its proximity to the cooling demand. Locations 2 and 3 posed 
additional challenges that aren’t present at location 1. Location 2 would require crossing the eastern 
express highway, and location 3 is situated on privately owned land, which may pose additional costs 
to purchase the land. Its worth noting that the star marking location 3 on the map is only indicative, 
the exact land available to situate the energy centre on Raymond Company’s property was not 
provided. A summary of each location is provided in Table 13. 
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Figure 12. Potential energy centre locations at Ghodbunder Road 

 

Table 13. Summary of Ghodbunder road potential energy locations 

Site Name Description Owner 
Area of site 
(m2) 

Comments 

Location 1: North of 
Jupiter Hospital 

Currently proposed 
to be developed 
into a garden or 
aquarium, TMC 
have indicated 
that it could be 
used for an energy 
centre 

TMC 3,500 • Preferred location due 
to proximity to cooling 
demand 

• TMC could possibly 
provide land for free, or 
in return for an equity 
stake in the network  

Location 2: South 
side of Eastern 
Express Highway 

Currently used for 
storage of 
electrical material 

TMC 3,133 • Physical barrier: pipe 
network would have to 
cross the eastern express 
highway 

Location 3: 
Raymond Company 

Exact location of 
the site available 
for the energy 
centre is unknown 
 

Raymond 
Company 
(private 
developer) 

TBD • Will likely involve a cost 
to purchase the land 

• Unable to evaluate exact 
location of potential 
energy centre 

Recommend scheme options 

We have analysed two primary scenarios for district cooling at Ghodbunder Road: 
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3. Electric chiller: using electrically driven vapour compression chillers to meet the total cooling 
demand.  

4. Tri-generation: using a combination of a spark-ignition gas-engine CHP sized to meet the 
baseload of the cooling demand, along with electric chillers used to meet the balance of the 
demand in high demand periods. In addition to cooling, this option would generate electricity, 
which could be sold to customers directly through use of a private wire or exported to the 
grid.  

Based on the demand analysis described in chapter two and the energy supply assessment described 
in chapter three we have sized the plant and machinery required for the two technology options.  

Option One – Electric Chiller scenario 

Table 14. Ghodbunder Road Option One Network Summary 

Ghodbunder Road Option 1 network summary 
Total cooling demand 13,356,878 ton.hr/yr 

Electric chiller capacity 8,874 TR 

Peak cooling demand 10,180 TR 

Number of cooling connections 6 

Number of phases 
1 – it is assumed that all buildings could be 

connected in the first year of operation 

Key cooling loads 

Viviana Mall 
TCS Yantra Park 

Korum Mall 
Jupiter Hospital 

 

Option Two – Tri-generation scenario 

Table 15. Ghodbunder Road Option Two Network Summary 

Ghodbunder Road Option 2 network summary 
Total cooling demand 13,356,878 ton.hr/yr 

Gas CHP capacity 9.576 MWe 

Absorption chiller capacity 2,010 TR 

Auxiliary electric chiller capacity 6,833 TR  

Cooling demand met by gas CHP 56% 

Cooling demand met by auxiliary 
electric chillers 

44% 

Peak cooling demand 10,180 TR 

Number of cooling connections 6 

Electricity generated 37,806.05 MWh/yr 

Number of electricity private wire 
connections 

3 

Number of phases 
1 – it is assumed that all buildings could be 

connected in the first year of operation 

Key cooling loads 

Viviana Mall 
TCS Yantra Park 

Korum Mall 
Jupiter Hospital 
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CHP modelling 

An operating model was set up to determine the CHP capacity and its operation over the year. the 
CHP was sized to supply the baseload demand i.e. so that it operates throughout the year. Electric 
chillers would then operate to 
meet the balance of the cooling 
demand. This is shown on the 
graph below for the 
Ghodbunder Rd site. The 
equivalent full load operating 
hours of the CHP for this site is 
3948 hours. In the next stage it 
is recommended that the 
optimisation of CHP capacity is 
studied in more detail as 
additional capacity could be 
installed if it is economic to do 
so and the electricity demand at 
the customers is large enough. 
 
 
CHP availability 
The CHP engines will require regular maintenance and may also experience unplanned outages as a 
result of disturbances on the electricity grid, lack of gas supply or gas pressure or too high 
temperatures on the absorption chiller circuit. An overall availability of 90% has been assumed which 
simplistically has been modelled as 3 days per month outage. When assessing the capacity of the 
electric chillers during the peak demand period it has been assumed that one of the CHP units will be 
unavailable. 

Improved reliability of electricity supply 
Discussions with some of the customers indicated that a reliable supply of electricity was of high 
importance. The base case for the CHP option assumes that the customers will be supplied with 
electricity from the central plant with the demand met by a combination of CHP generated electricity 
and imported power from the grid supply. The supply of power is therefore partly dependent on the 
reliability of the grid supply. A more reliable supply could be obtained if back-up diesel generators 
were installed centrally to provide sufficient power should the grid supply be unavailable. These diesel 
generators would use oil which can be stored on site so would also be independent of the gas supply. 
This system would obviously require additional cost which could be recovered by setting a higher 
electricity selling price to the private wire customers. There would also be a need for a co-ordinated 
system of load management at the customers to allow the load to be built up gradually as the diesel 
generators are brought on line. The capacity of the diesel generators could be reduced if it is assumed 
that cooling storage is incorporated as the store could supply the district cooling network for a short 
time with the chillers being shut down. Including storage at the customers site would also enable the 
central chillers to be shut down during an electricity outage and also provides additional security of 
supply for the cooling service. However, this depends on the store being operated so that there is 
always some cooling capacity available to cover this eventuality and for the grid outages to be 
relatively short in duration. Storage at customer sites will depend on space being available. The option 
of incorporating back-up diesel generators could be considered during the next stage of development 
depending on the customer’s priorities and the potential for negotiating a higher electricity selling 
price. In some countries (e.g. China, Singapore and Hong Kong) such a reliable supply would be 
charged for using a ‘high reliability fee’ which would be a monthly fixed payment based on the kVA of 
the customer’s connection.  
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Figure 13. CHP modelling – cooling supply for Ghodbunder Road 
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Hiranandani Estate 

Energy source assessment 

A summary of potential energy sources for use in the Ghodbunder Road district cooling network is 
outlined in Table 16.  

Table 16. Summary of potential energy sources considered for Ghodbunder Road 

Energy Source High level technical viability considerations Status 

Heat recovery from power 
generation using CCHP 

• Mahanagar Gas operates two gas networks 
in Thane. Following consultation, it was 
determined that it is feasible to connect to 
the gas network at the Hiranandani Estate 
location. 

• Project would provide good carbon savings 
in short and medium term given the 
displacement of the electricity grid, which is 
predominantly coal-based 

• Well established technology compatible 
with existing and future secondary side 
systems 

• Chilled water temperature may be limited 
to 6C, but 5C district cooling is still possible 
when absorption chillers are combined with 
the use of electric chillers at times of high 
cooling demand 

• Significant opportunity for private wire 
network 

Taken forward in the 
assessment 

Electric driven chillers 

• Engagement with Maharashtra State 
Electricity Distribution Company 
determined that connection to electricity 
grid is feasible 

• Well established technology compatible 
with existing and future secondary side 
systems 

• Potential to increase operational efficiency 
compared with standalone building-level 
chiller plant 

• Would provide more limited carbon savings 
given use of electricity as the primary fuel 

• Lower cost and could be combined with 
CCHP 

Taken forward in the 
assessment 

Steam extraction from 
planned biomethanation 
plant 

• Small biomethanation plant that will 
process 5 tonnes of waste per day, 
generating power to be used for auxiliary 
heaters 

• Unlikely to be of sufficient scale for cost 
effective extraction of waste heat  

• No further details provided 

Excluded from the 
analysis  
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Solar thermal 

• Solar irradiance levels are very high, with 
over 200 MW/km resource available 

• Could not identify significant land or roof 
availability within close enough proximity to 
the Hiranandani Estate demands 

Excluded from the 
analysis  

Heat recovery from 
industry 

• Based on information available, we could 
not identify the presence of any industrial 
sites with a sufficient level of waste heat 
available 

Excluded from the 
analysis 

Ambient water sources 

• Nearest ambient water source is the Ulhas 
river, located several hundred metres from 
the preferred energy centre location  

• Evidence indicates that the depth is around 
1-2m and temperatures range from 25°C-
35°C 

• Will not be suitable for free cooling or heat 
rejection as temperatures are not low 
enough 

Excluded from the 
assessment 

Energy Centre Location Assessment 

Two locations were assessed as potential sites for the energy centre at Hiranandani Estate. These 
locations can be seen in the map in Figure 14 below. Location 1 is the building that currently houses 
the cooling plant and machinery for building TCS 1. However, a site visit determined that there was 
not enough room in the building to include the plant for a district cooling network. Therefore, location 
2, which currently is unoccupied open space, is the preferred location for the energy centre. It is worth 
noting that the Hiranandani Estate architect validated this location, stating that it is her preferred 
location for the energy centre. A summary of both potential locations is provided in Table 17. 
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Figure 14. Potential energy centre locations at Hiranandani Estate 

Table 17. Summary of Hiranandani Estate potential energy locations 

Site Name Description Owner 
Area of site 

(m2) 
Comments 

Location 1: Existing 
TCS plant room 
building 

This building 
houses the cooling 
plant and 
machinery used to 
cool building TCS 1 

Tata 
Consultancy 
Services 

n/a  Site visit confirmed that 
there is not sufficient 
space to located the 
energy centre at this 
location 

Location 2: South of 
sunrays 

Open space 
currently not being 
used. Indicated by 
architect as 
preferred location 

Hiranandani 
Estate 

TBD  Indicated by architect 
as preferred location 

Recommended scheme options 

We have analysed two primary scenarios for district cooling at Hiranandani Estate: 

1. Electric chiller: using electrically driven vapour compression chillers to meet the total cooling 
demand.  

2. Tri-generation: using a combination of a spark-ignition gas-engine CHP sized to meet the 
baseload of the cooling demand, along with electric chillers used to meet the balance of the 
demand in high demand periods. In addition to cooling, this option would generate electricity, 
which could be sold to customers directly through use of a private wire or exported to the 
grid.  
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Based on the demand analysis described in chapter two and the energy supply assessment described 
in chapter three we have sized the plant and machinery required for the two technology options.  

Option One – Electric Chiller scenario 

Table 18. Hiranandani Estate Option One Network Summary 

Hiranandani Estate Option 1 network summary 
Total cooling demand 38,888,334 ton.hr/yr 

Electric chiller capacity 9,754 TR 

Peak cooling demand 11,295 TR 

Number of cooling connections 6 

Number of phases 2 

Key cooling loads 
IT Building 1, 2 & 3 

TCS 1 

 

Option Two – Tri-generation scenario 

Table 19. Hiranandani Estate Option Two Network Summary 

Hiranandani Estate Option 2 network summary 
Total cooling demand 38,888,334 ton.hr/yr 

Gas CHP capacity 12.8 MWe (4 units) 

Absorption chiller capacity 2,682 TR 

Auxiliary electric chiller capacity 7,076 TR 

Cooling demand met by gas CHP 34% 

Cooling demand met by auxiliary 
electric chillers 

66% 

Peak cooling demand 11,295 TR 

Number of cooling connections 6 

Electricity generated 67,210.75 MWh/yr 

Number of electricity private wire 
connections 

3 

Number of phases 
2 – IT Building 2 connected in second year, 

IT Building 3 connected in third year 

Key cooling loads 
IT Building 1, 2 & 3 

TCS 1 

 

CHP Modelling 

A similar approach was taken for the Hiranandadi estate as for Ghodbunder Rd. In this case it was 

assumed that the cooling demand would extend for a longer period in each day due to the presence 

of datacentres and as a result the equivalent full load running hours of the CHP is greater at 5264 

hours. In the next stage it is recommended that the optimisation of CHP capacity is studied in more 

detail as additional capacity could be installed if it is economic to do so and the electricity demand at 

the customers is large enough. 

 

The same assumptions were made for CHP availability for this site as for Ghodbunder Rd. 
 



 

 

4. Network route assessment 
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Approach 

There are significant costs associated with the piping and trench work needed for a district cooling 
network. As such, we evaluated a variety of parameters and conditions in order to evaluate which 
buildings are appropriate for network connection, to choose the optimum energy centre, and 
ultimately to select a route that maximises the network’s feasibility. The selection of the network 
route considers the following elements: 

 Minimising the pipework length: the route selected seeks to minimise the amount of 
pipework needed in order to reduce the related costs of said pipework, to reduce the pumping 
costs, and to reduce cooling losses as the water travels through the network.  

 Locating the network route on publically owned land and on land owned by buildings that 
will connect to the network: where possible the route is located on either publicly-owned 
land or the land owned by buildings that will connect to the network. Locating the land in this 
manner avoids the additional complexity of engaging with other actors. 

 Conditions for trench work: the costs associated with digging the trench work for the network 
pipes differ depending on whether the digging occurs on “soft” ground (soft-dig) or on “hard” 
concrete or asphalt surfaces (hard-dig). Typically, soft dig is less expensive than hard dig. 
Wherever possible, routes were located across soft-dig areas.  

 Physical constraints and site barriers: the network route avoids certain infrastructure that 

physically constrain the network including railway lines, future and historical building 

foundations, and underground structures. Route selection also tries to minimise disruptions 

caused by route construction and avoids, wherever possible, routing along major roads and 

high traffic areas.  Finally, the route also seeks a path that will lay the pipework in a 

complementary way to existing utilities. When determining the network routes for the 

Ghodbunder road and Hiranandani sites, we took into account main roads and railways. 

Information was not available regarding the location of existing buried services. Future 

feasibility analysis should seek to understand the location of existing underground utilities 

and how that could affect the route selection.  

 Potential for co-location / multi-utilities approach:  It is possible that use of an existing utility 
–corridor, or creation of a new utility corridor could be considered when implementing the 
district cooling network so as to facilitate the more cost effective rollout of utilities and less 
intrusive future utility changes.  

 Linear cooling density:   the linear cooling density is the cooling demand per metre of network 
and provides a sense of the value of connecting each building to the network. In other words, 
it answer the question: is it worthwhile to connect a specific building given the amount of 
pipework needed to connect said building. If a building has a low linear heat density it 
indicates that the length of the network is relatively long for the cooling demand provided by 
the building. We calculated the linear cooling density for each section of the route to help rule 
out any buildings with low linear cooling densities.  

In addition to undertaking the above assessments, the final network route was informed by 
information gathered from site walkovers and feedback from local stakeholders including developers 
and architects.  
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Ghodbunder Road 

Network Route Assessment  

Taking into account the parameters discussed in the approach section, the map in Figure 15 below 
presents the route selected for the cooling network at Ghodbunder Road. The main length of pipework 
from the energy centre to Korum Mall follows an access road that runs parallel to the Eastern Express 
Highway, rather than running along the highway itself. The total network length shown in the map is 
2,280 m.  

One uncertainty that could alter the network length and should be further explored in subsequent 
feasibility studies is that the connection points between the network and the buildings are currently 
estimated. Where known, the point of the connection was selected based on our knowledge of the 
current plant room location, as confirmed during site visits or satellite maps. Further feasibility analysis 
should understand exactly where the buildings will connect to the network. If the connection points 
are different than those presented, it could increase or decrease the amount of pipework needed or 
slightly alter the network route. We would not expect these changes to be substantial, except 
potentially in the case of Raymond Company. The Raymond Company site is a large area that involves 
a variety of different buildings. It will be important to understand how and where the Raymond 
company site will connect. 

 

Figure 15. Ghodbunder Road District cooling Network route 

The network route pipework should be MS C Class Pipe with PUF Insulation & HDPE Cladding. Table 
20 below presents the diameter for the pipework of the different segments of the cooling network. 
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Table 20. Pipework diameter for Ghodbunder Road cooling network segments 

Description of Pipework segment Pipe diameter (mm) 

Energy Centre to TCS 300 

Energy Centre to Node 1 600 

Node 1 to Hospital branch point 450 

Branch into hospital 200 

Hospital branch point to Viviana Mall 500 

Node 1 to Node 2 450 

Branch to Raymond 300 

Node 2 to Node 3 400 

Branch to Cadbury 150 

Branch to Korum Mall 350 

Alternate Route 

An alternate route, which slightly diverges from the selected network route in how the Tata 
Consultancy Services building is connected to the network, was also assessed. This route was not taken 
forward because it is slightly longer than the selected route.  The alternate route considered can be 
seen in Figure 16 below.  

 

Figure 16. Ghodbunder Road alternative cooling network route  

Linear Cooling Density  

The Linear Cooling Density, cooling demand per metre of network (MWh/m2), was calculated for the 
network route to understand the network viability. We ultimately chose to calculate the linear cooling 
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density it two ways. The first calculation is shown in Figure 17 where all network segments in blue 
have a viable linear cooling density and the deeper the shade of blue, the higher the linear cooling 
density. Using this methodology, the segment that connects the Cadbury company to the rest of the 
network has a low linear cooling density of just 3 MWh/m2 reflecting the fact that the Cadbury 
Company has the lowest cooling demand of all of the buildings and requires over 500m of pipework 
to connect it to Raymond company.  

 

Figure 17. Linear Cooling Density (methodology 1): Ghodbunder Road 

However, this methodology does not reflect that the network is being extended from Raymond 
Company to connect to both the Cadbury Company building and to Korum Mall. As is such, we present 
a second methodology for calculating the linear cooling density in Figure 18. In this alternative 
methodology, we calculate the collective linear cooling density for Korum Mall and the Cadbury 
Company. We also calculate the linear cooling density for Viviana Mall and Jupiter Hospital in the same 
way. We choose to use this second methodology to calculate the linear cooling density given that 
significant segments of pipework will be used to connect more than one building. This second 
methodology shows us that, provided Korum Mall is also connecting to the network, extending the 
pipework to include both Korum Mall and the Cadbury Company is worthwhile. 
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Figure 18. Linear Cooling Density (methodology 2): Ghodbunder Road. 

 

Hiranandani Estate 

Network Route Assessment 

Following the approach set out at the beginning of this chapter, we identified the network route for 
the Hiranandani Estate Cooling network site which can be seen in Figure 19 below. The total network 
length is 2000m. 

Many of the buildings in this network are in the planning stages and, as with the Ghodbunder Road 
site, the location where the network will connect to buildings is estimated, rather than the exact 
location. Changes to the point of connection at each building could slightly alter the length or route of 
the network. As such, additional feasibility work should understand the exact point where each 
building will connect to the network to understand the exact length of pipework required.  Likewise, 
its worth noting that the sizes of the buildings presented in the map are also estimations.  
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Figure 19. Hiranandani Estate district cooling network route 

The network route pipework should be MS C Class Pipe with PUF Insulation & HDPE Cladding. Table 
21 below presents the diameter for the pipework of the different segments of the cooling network. 

Table 21. Pipework diameter for Hiranandani Estate cooling network segments 

Description of Pipework segment Pipe diameter (mm) 

Energy Centre to Node 1 700 

Branch to IT Building 3 400 

Node 1 to Node 2 700 

Node 2 to Node 3 600 

Branch to TCS1 450 

Branch to TCS2 400 

Node 2 to Node 4 450 

Branch to hotel 150 

Node 4 to Node 5 400 

Branch to IT Building 2 400 

Branch to IT building 1 250 

 

Alternate Route 

Uncertainty surrounding the connection point of each building led us to map three routes, most of 
which are fundamentally the same in direction and only mildly different with respect to length. The 
route that we have presented above in Figure 19 is the middle route in terms of lengths. One of the 
other routes considered is presented below in Figure 20. 
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Figure 20. Hiranandani Estate alternative cooling network route 

Linear Cooling Density  

The linear cooling density was calculated for the sites identified in Hiranandani Estate to evaluate the 
viability of each of the sites. The results of this calculation can be seen in Figure 21. All of the buildings 
that we have included in the network route maps earlier in this document have a sufficient linear 
cooling density to be included in the network. This is reflected in the map where parts of the network 
with sufficient linear cooling density can be seen in blue; the shade deepening the higher the cooling 
density. However, you will note that another building, Fortuna Mall, was evaluated for connection to 
the network and did not achieve a high enough linear cooling density. This section of the network is 
presented on the map in red. Fortuna Mall had the smallest cooling demand of all of the buildings and 
a relatively long stretch of trenchwork needed to connect it with the rest of the network. Unlike, the 
Ghodbunder Road network, no other buildings will be connected after Fortuna Mall; therefore using 
an alternative method for calculating linear cooling density would not be appropriate.   
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Figure 21. Linear Cooling Density: Hiranandani Estate 

 

 

 

 



 

 

5. Financial assessment 
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Introduction 

As part of this pre-feasibility assessment we have built a cash flow model to better understand the 
potential financial returns of district cooling networks at the Ghodbunder Road and the Hiranandani 
Estate sites. In this section, we will review the key assumptions feeding into the financial models, 
outline the financial outputs of the models, review the findings from the sensitivity analysis and 
discuss the environmental benefits associated with both projects. 

The projected results indicate that there is a financial case for a district cooling network at both the 
Ghodbunder Road and Hiranandani Estate sites, for both the tri-generation technology option (using 
CHP, absorption chillers and auxiliary electric chillers) and the electric chiller only option. While the 
electric chiller only option presents better financial returns in the Hiranandani Estate site, the tri-
generation option presents better financial returns at the Ghodbunder Road site. In both cases, the 
tri-generation option offers greater carbon and HFC savings. Having said this, these results are part of 
a pre-feasibility study and it’s important to undertake additional analysis to better refine the 
assumptions regarding costs, risks, and revenue from a potential project. Recommended next steps 
are included in chapter nine. 

Financial Modelling 
Two tailored discounted cash flow models have been developed that model the respective 
development of a district cooling network at Ghodbunder Road and at Hiranandani Estate, Thane, 
India. Both models facilitate testing the impact of key variables for both technology options.  
 
The model incorporates technical assumptions for demand and supply that were developed during 
the course of this project, along with financial assumptions developed following consultation with 
EESL and IFC. A flat inflation assumption of 2% is modelled following direction provided by EESL in 
their response to our request for information document. Partial assumptions on discount rates for 
internally formulated Weighted Average Cost of Capital (WACC) were also provided by EESL, from this 
we estimated the rates relating to the cost of equity and debt. These rates are presented in Table 22 
and result in a nominal discount rate of 14.95%.  

Table 22. Weighted Cost of Capital rates and sources 

WACC variable Rate used Source 

The percentage of financing 
that is equity 

20% EESL 

The percentage of financing 
that is debt 

80% EESL 

The cost of equity 23.5% EESL 

The cost of debt 10% EESL 

 

Capital Cost Assumptions 

Table 23 and Table 24 below show the estimated capital costs for both networks and for both 
technology options. Development Costs, estimated at 10% of capital costs, are an allowance for 
engineering and architectural design and procurement. A further contingency of 17% of total capital 
costs (including development costs) has been included in the costs. Where possible, we have 
developed all of the costs based on quotes and estimates from developers and suppliers. When this 
information was not available, we have referred to cost estimates based on international experience.  
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Table 23. Capital Costs and contingencies for the Electric Chiller Option for both sites 

Initial capital investment cost Ghodbunder Road Costs Hiranandani Estate Costs 

Electric chiller ₹ 3,491,98,776 ₹ 38,55,87,775 

Energy centre building ₹ 1,93,75,500 ₹ 2,26,03,200 

Pipework costs ₹ 11,69,26,900 ₹ 17,49,85,600 

Trenching costs ₹ 9,56,381 ₹ 6,34,747 

Connection to electrical grid ₹ 83,86,875 ₹ 2,64,43,315 

Supply and installation of HIUs ₹ 6,13,12,500 ₹ 15,13,17,888 

Ancillary system component capex 
(e.g. cooling towers, pumps etc.) 

₹ 13,25,06,492 ₹ 14,63,14,612 

Other development costs ₹ 3,44,33,171 ₹ 4,53,94,357 

Capital cost contingency ₹ 12,29,26,421 ₹ 16,20,57,854 

 

Table 24. Capital Costs and contingencies for Tri-generation option for both sites 

Initial capital investment cost Ghodbunder Road Costs Hiranandani Estate Costs 

CHP ₹ 40,34,88,348 ₹ 25,82,32,543 

Absorption chiller ₹ 12,72,16,314 ₹ 8,48,71,197 

Electric chiller ₹ 41,45,82,858 ₹ 51,05,09,352 

Energy centre building ₹ 2,58,34,000 ₹ 3,22,91,736 

Pipework costs ₹ 14,98,95,300 ₹ 17,49,85,600 

Trenching costs ₹ 9,56,381 ₹ 6,34,747 

Connection to gas grid ₹ 45,00,000 ₹ 45,00,000 
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Private wire network ₹ 3,97,43,025  

Connection to electrical grid ₹ 83,86,875  

Supply and installation of HIUs ₹ 6,13,12,500 ₹ 15,13,17,888 

Other development costs ₹ 6,17,95,780 ₹ 6,08,67,153 

Capital cost contingency ₹ 22,06,10,934 ₹ 21,72,95,737 

 

Land Cost Assumptions 

We assumed there was no cost associated with any land that may be required for the cooling network. 
If there is any cost associated with land required for the development of the network (such as for the 
energy centre site), it should be considered in the detailed feasibility stage.  

 

Utility Costs 

Utility costs are an important input to estimate the price that the network will pay for utilities such as 
electricity, gas, and water, and also for the calculation of the price that buildings would normally pay 
for cooling. This section describes the utility prices used in our financial analysis.  

Electricity  

Three electricity tariffs are relevant to our financial analysis: Open access tariffs11 and the following 
two regular electricity tariffs: High tension industrial (HT – I A) and High Tension Commercial (HT – II). 

Open Access 

We understand that the district cooling network could, in principle, buy or sell electricity using an 
open access tariff. Importantly, the network cannot both buy and sell electricity at this price. This 
has implications for the tri-generation technology in the event that it exports electricity to the grid. 
Specifically, the Hiranandani Estate tri-generation technology option would need to both purchase 
electricity (for example, when the CCHP is down) and, at other times, to sell extra electricity generated 
by exporting it to the grid12. It cannot use the open access price to both purchase and sell electricity. 
Because of this, the Hiranandani Estate tri-generation option will use the open access price to sell 
electricity and the HT – IA price to purchase electricity. 

                                                           
11 Purchasing electricity from a TMC’s solar energy project was contemplated as a potential source of 
renewable energy to power the project. Ultimately, however there was a question if the solar project would 
provide enough power. It’s our understanding that if this was ultimately feasible, purchasing solar power from 
TMC would be negotiated through Open Access. Because of this, the estimated open access tariff is sufficient 
for pre-feasibility estimation.     
12 In this option, electricity is also sold via private wire to some of the buildings in the network that are 
connected to a private wire. 
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Table 25. Open Access Electricity tariff and application to financial model 

Open Access Tariff  ₹ 6.25/kWh 

Electric 
Chillers 

Ghodbunder 

Road 

The Open Access price is used to purchase the electricity used by the 
energy centre.  

Hiranandani 

Estate 

The Open Access price is used to purchase the electricity used by the 
energy centre.  

Tri-
generation 

Ghodbunder 

Road 

The Open Access price is used purchase the electricity used by the 
network as no electricity is exported to the grid. 

Hiranandani 

Estate 

The Open Access price issued to sell electricity when it is exported to 
the grid13.  

HT - I A and HT II Electricity Tariffs 

HT – I A and HT II tariffs are the respective electricity tariffs used in India for specific types of industrial 
activities or for commercial activities. These tariffs are used in this model to determine the BAU 
electricity price that buildings pay to cool their buildings in the absence of a cooling network (with HT 
– IA or HT- II being applied to buildings according to their designated activities). As explained in more 
detail in the open access section, HT - IA tariffs are also used in to purchase electricity at the 
Hiranandani Estate when using the tri-generation technology option since the network cannot both 
buy and sell electricity using the open access tariff.  

The total electricity tariff that Indian customers pay can broadly be broken down into several costs. 
These costs are listed in Table 26 alongside if this cost was included financial assessment and a 
description of the cost. 

Table 26. breakdown of fees that make up the HT – IA and HT II electricity tariffs and how they were included in the 
analysis 

Electricity Tariff component Included or Excluded from the 
tariff assessed 

Description  

Demand charge (KVA) Excluded Businesses pay a demand 
charge based on KVA. We did 
not have sufficiently granular 
data to determine the demand 
charge for each building 

                                                           
13 We believe this price would be inclusive of tax for the sale of electricity. However, ultimately all of the Open 
Access costs should be further explored in the detailed feasibility stage.  
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Variable energy charge (kWh) Included The variable charge is the rate 
that businesses pay per kWh of 
electricity consumed 

Time of day (TOD) tariff (kWh) Included Time of day tariffs alter the fee 
paid per kWh of electricity 
depending on the time of day it 
is consumed. Time of day tariffs 
were incorporated into the 
analysis of the price paid on an 
average basis. 14 

Wheeling Charge (kWh) Included The wheeling charge is an 
additional per kWh charge that 
is included in the HT II tariff at a 
rate of ₹0.78 per kWh. 

FAC Charge (kWh) Included The FAC charge is an additional 
per kWh charge that is included 
in the HT I-A tariff at a rate of 
₹0.15 per kWh and  in the HT II 
tariff at a rate of ₹0.35 per 
kWh. 

Electricity Duty Excluded At this stage of analysis, where 
possible, taxes have been 
excluded. For the calculation of 
BAU energy costs and the 
subsequent calculation of 
cooling network cooling and 
private wire electricity tariffs, 
excluding taxes facilitates 
understanding the tariff that 

Sales Tax Excluded 

                                                           
14  

Time of day Hours during 
this period 

change in price 
per kWh for 
electricity used 
during this 
time 

2200-0600 8  ₹            -1.50  

0600-0900 3  ₹                  -    

1200-1800 6  ₹                  -    

0900-1200 3  ₹              0.80  

1800-2200 4  ₹              1.10  

average  ₹               0.35 
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the cooling network could 
charge uncomplicated by tax 
considerations.  

Excluding the demand charge (KVA) from the electricity tariffs means that we may have slightly 
underestimated the cost savings that each customer would receive through connection to the 
network, and there may be headroom to provide additional cost savings to customers, or to increase 
the financial returns through a higher cooling price. The data available to us suggests that the demand 
charge typically represents about 5% of a total bill.  We recommend that customer demand charges 
are further investigated in the detailed feasibility stage so as to better price the network cooling tariffs. 

Table 27. HT – I A and HT II Electricity Tariff 

Rate category BAU Tariff (R/kWh) 

HT – I A ₹ 7.60 

HT - II ₹ 12.98 

Gas 

Natural gas is either supplied by the city gas network, or in the event that daily gas demand exceeds 
50,000 cubic meters, gas is supplied by the front pipeline network. In this case, both cooling networks 
using the tri-generation technology option will purchase their gas from the city gas network. The 
detailed feasibility stage should further explore what the gas price would be for the network operator, 
including whether there is an option to fix the price for 10-20 years, as has been suggested.  

City gas Network Price 

Table 28. Year 1 gas prices for tri-generation technology option  

Supply of Gas Year 1 Price 
(R/m3) Methodology 

City Gas Network  ₹ 2.24 
Based on monthly historic data from April 
2015 - May 2018 provided by Mahanagar Gas 
Limited and therefore includes sales tax. In 
the model the cost is linked to inflation. 

Front Pipeline ₹ 2.50 
Estimated from a methodology provided by 
Shell and excludes GST/VAT. The price 
fluctuates with estimated Brent price 
forecasts until 2030, after which it increases 
annually with inflation. 

 Water  

Table 29 below shows the cost of water included in the model. This figure was determined based on 
information in the preliminary model built by the District Energy in Cities initiative, following 
discussions with TMC.  
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Table 29. Cost of water  

Water price (R/m3) ₹ 40 

 
 

Cooling Tariffs 
We modelled two cooling tariffs for each building connected to the cooling network; the business as 
usual cooling tariff and the network cooling tariff.  

Business as Usual 
First, we estimated the BAU (business as usual) cooling tariff, which is the cost that each building pays 
to cool their own building in the absence of the district cooling network. The BAU cooling tariff is made 
up of the maintenance costs, the water and electricity costs, and what it will cost to replace the 
equipment. The electricity costs have been estimated based on the building’s cooling demand and the 
system COP (which is also assumed). Where possible, we have included the maintenance costs and 
annualized replacement costs based on data provided by each building; however these costs have 
been estimated for most buildings. It’s worth noting that the BAU price per kWh differs between each 
building due to different capital and maintenance costs, and at times, different utility tariffs.  

Table 30. Example of cooling business as usual cooling cost calculation. 

Cooling Demand 
(Ton hour/year) 

System 
COP15 

Electricity 
Costs for 
cooling 

Maintenan
ce costs 

Annualized 
replaceme
nt cost  

Water 
costs for 
cooling  

Annual 
BAU costs 
(R/Ton 
hour) 

GR HE 

11,90,759 2.5 3.5 ₹2,16,32,6
86 

₹35,36,292 ₹42,04,192 ₹10,80,0
00 

₹ 25.58 

 

Cooling Network Customer tariffs 
Next, we calculated the tariffs that customers will pay for the cooling provided by each of the 
networks. It’s worth noting that sales tax is not included in these tariffs and a full tax assessment, 
including VAT/GST should be undertaken in the detailed feasibility assessment. We used the BAU 
cooling tariffs discussed above to inform the price that customers will pay for cooling from the 
network. For the base case, we have assumed a conservative 10% saving against the BAU cooling price, 
in order to first determine if there is a financial case for the project. We received feedback that this 
might not be sufficient to attract a customer to connect, so we also tested the results under a 20% 
saving scenario, it is also relatively simple to vary this within the financial models.  
 
Since the BAU cooling tariff is different for each building this is also the case for the cooling network 
tariffs. In Table 31 we present the average cooling network cost for both the Ghodbunder Road and 
the Hiranandani Estate networks. Ultimately, the tariff is broken down between a standing tariff, a set 

                                                           
15 Assumed COP for cooling systems in Ghodbunder Road (GR)  buildings and Hiranandani Estate (HE) buildings. 
The COP for Hirnandani is assumed higher than that of Ghodbunder road to account for better performance in 
the newer buildings.  
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monthly fee, and a variable tariff, which is the price that each building will pay for each kWh of cooling 
used. These can be estimated as a combined tariff.  
  
Table 31. Average Customer cooling network tariffs 

Network Annual Standing tariff 
(R/day) 

Variable tariff 
(R/Ton hour) 

Combined Tariff 
(R/Ton hour) 

Ghodbunder Road ₹ 12,760 ₹ 19.85 ₹ 22.05 

Hiranandani Estate  ₹ 24,917 ₹ 15.19 ₹ 16.87 

It is also common for district cooling customers to be charged a one off connection fee at the point of 
connection. For new buildings, this is often levied to represent a price that is equal to, or provides a 
small discount against, the equivalent capital cost of installing building-level cooling plant, a cost which 
can be avoided should the building be connected to the district cooling network at the point of 
construction.  

For Ghodbunder Road, the customers would not offset such capital costs given they are occupying 
existing buildings; we have therefore included the conservative assumption that customers of this 
network would not be charged a connection fee. Should connection to the district cooling network 
represent an opportunity for these customers to avoid any near-term replacement costs associated 
with chiller equipment, there may be a case to include a connection fee.  

For Hiranandani Estate, five of the six customers represent buildings that are either planned or under 
construction. As a result, we have included a connection fee for these five customers, which is 
equivalent to the BAU capital costs associated with cooling equipment. This is assuming that the 
customer could forego investment in this plant and connect to the network at the point of 
construction.    

Private wire Electricity Tariffs 

In the case of the tri-generation technology option, electricity is generated which can be either sold 
directly to some or all of the cooling network buildings via a private wire or it can be exported to the 
grid. We developed a private wire electricity tariff for those buildings connected to the network via 
private wire by applying the same methodology that we used in to determine the cooling tariffs. That 
is to say, we estimated the business as usual electricity tariff (excluding tax and demand charges) and 
then applied a 10% discount.  

Table 32, below shows both the BAU rate per building category as well as the calculated customer 
private wire network rate. 

Table 32. Business as usual and private wire electricity tariffs for different building types (excluding sales tax) 

Rate category BAU Tariff (R/kWh) Network Private Wire Tariff 
(R/kWH) 

HT – I A ₹ 7.60 ₹ 6.84 

HT - II ₹ 12.98 ₹ 11.68 
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Financial Results 
The financial assumptions used in the analysis are as follows: 

 Time period  =  20 and 40 years 

 Inflation scenario =  2%   

 Real discount rate = 11.2% 

 Nominal discount rate = 13.42%  

 
The financial performance is assed using the following metrics:  

 Internal rate of return (IRR): The IRR is a measure of the profitability of potential investments. 

The IRR calculates a discount rate that makes the net present value of all cash flows from a 

particular project equal to zero. If the IRR is higher than the nominal discount rate, it indicates 

that the scheme is a profitable investment. 

 Net Present Value (NPV): the NPV is a discounted cash flow of an investment that takes into 

account the opportunity cost of investing that money elsewhere. NPV is used in capital 

budgeting to analyse the profitability of a projected investment or project. 

 Simple Payback:  the simple payback period is the time that it takes to recover the investment 

costs.   

 

Ghodbunder Road 

The modelling indicates that a cooling network at Ghodbunder Road is financially viable, using either 
an electric chiller only or tri-generation system to generate the cooling. Of the two technologies, the 
tri-generation option yields a better financial performance in the model, despite higher capital costs. 
For this option, the IRR improves from a 20 year project to a 40 year project from 31.04% to 31.15%. 
The project overcomes the nominal discount rate of 14.95% to yield a positive NPV of ₹ 1,21,22,97,379 
for a 20 year project and ₹ 1,45,14,16,340 for a 40 year project. The payback period for both project 
lifetimes is 4.3 years. The tri-generation project also yields more GHG emission savings and more 
customer cost savings (due the sale of private wire electricity) than the electric chiller option. 

That being said, the electric chiller option does also yield a financially viable project in the modelling. 
The 20 year IRR is 23.99% and decreases slightly to 23.84% at 40 years. The NPV overcomes the 
nominal discount rate to show a positive NPV of ₹ 38,86,54,810 for a 20 year project and increases to 
₹ 46,75,43,074 for a 40 year project. The payback period is 5.3 – 5.4 years, depending on the project 
lifespan.  

The results of the financial modelling are summarised in Table 33.  
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Table 33. Ghodbunder Road financial model result 

 Electric Chillers Tri-generation 

20 year 40 year 20 year 40 year 

Capital costs 

(incl. 17% contingency) 

₹ 88,02,02,347 ₹ 1,57,96,62,538 

IRR 23.99% 23.84% 31.04% 31.15% 

NPV  ₹ 38,86,54,810 ₹ 46,75,43,074 ₹ 1,21,22,97,379 ₹ 1,45,14,16,340 

Simple 
Payback 

5.3 years 5.4 years 4.3 years 4.3 years 

Annual savings 
to customers 
relative to 
benchmark 

₹ 3,10,49,406 ₹ 6,99,03,555 

Lifetime GHG 
emissions 
savings related 
to HFC 
refrigerant 
use16  

9,444 tCO2e 18,889 tCO2e 12,485 tCO2e 24,967 tCO2e 

Lifetime GHG 
emissions 
savings related 
to electricity or 
gas 
consumption17 

83,900 tCO2e 18,888 tCO2e 2,87,149 tCO2e 4,69,903 tCO2e 

Total Lifetime 
carbon 
savings18 

93,345 tCO2e 1,73,182 tCO2e 2,99,633 tCO2e 4,94,872 tCO2e 

Figure 22 and Figure 23 show the net cash surplus/loss and the cumulative discounted cash flow for 
both technology options and for 20 and 40 year project periods.  

                                                           
16 Using the possible energy efficiency and energy mix in the Indian economy scenario. 
17 Using the possible energy efficiency and energy mix in the Indian economy scenario. 
18 Using the possible energy efficiency and energy mix in the Indian economy scenario. 
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Figure 22. Ghodbunder Road Net cash surplus/loss graphs (rupees) 

Electric Chillers (R) Tri-generation (R) 

  

  

 

Figure 23. Ghodbunder Road Cumulative cash flow graphs 

Electric Chillers Tri-generation 
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Sensitivity analysis 

We performed a sensitivity analysis on the NPV and the IRR for both technology options, for both a 20 
year and a 40 year time period. A sensitivity analysis helps us to understand the importance of 
different cash flows (for example, the cost of capital vs. electricity costs) and what will happen to the 
financial viability of the project should these cash flows change. Ultimately, this serves to better 
understand the risks of the project. The results of the sensitivity analysis are presented below. The 
graphs can be interpreted through the slope of each line; where a cash flow appears as a horizontal 
line, it means that it has little to no effect on the results. The higher the slope of the line, the greater 
the change produced in the IRR and NPV, and the more impactful the variable.  

Electric Chillers:  

 

Figure 24. Ghodbunder Road Electric Chiller Sensitivity Results 
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Figure 24 shows the 40 year IRR sensitivity analysis for an electric chiller based cooling network. We 
can see that the model is the most sensitive to changes in revenue from the sale of cooling. The second 
most important cash flow variable are the project’s capital costs, this is followed by electricity costs. 
Operating costs are the fourth most important cash flow. Finally, replacement costs are noticeably the 
variable that least effects the IRR. It is worth noting, that both the 20 year and the 40 year models, 
and both the IRR and NPV sensitivity analyses reflect the same trends regarding the importance of 
different variables as those presented here. 

Tri-generation: 

40 year IRR 40 year NPV 

  

Figure 25. Ghodbunder Road Tri-generation Sensitivity analysis 

In Figure 25 above, the results of the sensitivity analysis for the tri-generation option are presented. 
In this case, we have presented both the sensitivity analysis for the IRR and the NPV as the yield slightly 
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40 year sensitivity analysis are the same. Revenue is still the cash flow variable that the most affects 
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changes in capital costs and gas costs are the next two most important variables. However, in the NPV 
gas costs are the most important whilst capital costs are the most important for the IRR. The different 
results between the IRR and NPV sensitivities reflect the different calculations used to determine 
these figures and more specifically, the time periods during which the costs are incurred. Changes in 
the operating costs, replacement costs, and electricity costs all produce much smaller effects on the 
IRR and the NPV.  

Hiranandani Estate 

The financial model produced for the Hiranandani Estate site indicates a positive financial case for a 
district cooling network using either the electric chiller technology option or the tri-generation 
technology option. In this case, the electric chiller technology produces a marginally better financial 
outcome than the tri-generation option. However, an electric chiller based cooling network also 
results in fewer GHG emissions saved and fewer customer cost savings. The IRR for the electric chiller 
option is 23.4 – 23.3%, depending on the project lifespan (20 or 40 years). The NPV is ₹ 61,30,05,061 
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for a 20 year project and ₹ 74,87,27,806 for a 40 year project. The payback of the project is 5.4 – 5.6 
years depending if the project lifespan is 20 or 40 years respectively.  

In comparison, the tri-generation technology option yields an IRR that increases from 18.7% to 19.5% 
between a 20 year and a 40 year lifespan in the model. The NPV increases from ₹ 42,25,24,736 to ₹ 
63,50,45,446 between a 20 year and 40 year project. The simple payback period is 6.4 – 6.5 years 
depending on the project lifespan (20 or 40 years).  

 

Table 34. Hiranandani Estate Financial Results 

 Electric Chillers Tri-generation 

20 year 40 year 20 year 40 year 

Capital costs (incl. 17% 
contingency) 

₹ 1,16,03,99,058 ₹ 1,95,07,60,553 

IRR 23.4% 23.3% 18.7 % 19.5% 

NPV  
₹           

61,30,05,061 
₹           

74,87,27,806 
₹           

42,25,24,736 
₹           

63,50,45,446  

Simple Payback 5.4 years 5.6 years 6.4 6.5 

Annual savings to customers 
relative to benchmark 

₹ 6,06,32,056 ₹ 8,96,87,849 

Lifetime GHG emissions savings 
related to HFC refrigerant use19  

64,953 tCO2e 
1,29,907 

tCO2e 
69,023 tCO2e 

1,38,047 
tCO2e 

Lifetime GHG emissions savings 
related to electricity or gas 
consumption20 

24,048 tCO2e 67,165 tCO2e 
2,18,721 

tCO2e 
3,40,321 

tCO2e 

Total Lifetime carbon savings21 
89,002 tCO2e 

1,97,071 
tCO2e 

2,87,744 
tCO2e 

4,78,368 
tCO2e 

One of the key differences between Ghodbunder Road and Hiranandani Estate that explain the 
difference in results between the two sites is that Hiranandani Estate has a higher cooling demand 
density than Ghodbunder road. A second key difference is that while 83% of the buildings in 
Hiranandani Estate use the HT – IA electricity tariff to generate their BAU cooling, 83% of buildings at 
Ghodbunder Road use HT –II electricity tariff. This tariff difference means that the cooling generated 

                                                           
19 Using the possible energy efficiency and energy mix in the Indian economy scenario. 
20 Using the possible energy efficiency and energy mix in the Indian economy scenario. 
21 Using the possible energy efficiency and energy mix in the Indian economy scenario. 
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by a cooling network at Hiranandani Estate is sold at a lower price/kWh than the cooling produced by 
the Ghodbunder Road network. 

Figure 26 and Figure 27 show the net cash surplus/loss and the cumulative discounted cash flow for 
both technology options and for 20 and 40 year project periods. 

Figure 26. Hiranandani Estate - Net cash surplus/loss graphs 
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Figure 27. Hiranandani Estate - Cumulative cash flow graphs 

Electric Chiller Tri-generation 

  

  

Sensitivity analysis 

Electric Chiller:  

40 year IRR 40 year NPV 

  

Figure 28. Hiranandani Estate Electric Chiller Sensitivity 

-1,500,000,000

-1,000,000,000

-500,000,000

 -

 500,000,000

 1,000,000,000
2

0
2

0

2
0
2

2

2
0
2

4

2
0
2

6

2
0
2

8

2
0
3

0

2
0
3

2

2
0
3

4

2
0
3

6

2
0
3

8

2
0
4

0

20 year Cumulative Discounted Cash Flow

-2,000,000,000

-1,500,000,000

-1,000,000,000

-500,000,000

 -

 500,000,000

 1,000,000,000

2
0
2

0

2
0
2

2

2
0
2

4

2
0
2

6

2
0
2

8

2
0
3

0

2
0
3

2

2
0
3

4

2
0
3

6

2
0
3

8

2
0
4

0

20 year Cumulative Discounted Cash 
Flow

-1,500,000,000

-1,000,000,000

-500,000,000

 -

 500,000,000

 1,000,000,000

2
0
2

0

2
0
2

4

2
0
2

8

2
0
3

2

2
0
3

6

2
0
4

0

2
0
4

4

2
0
4

8

2
0
5

2

2
0
5

6

2
0
6

0

40 year Cumulative Discounted Cash Flow

-1,500,000,000

-1,000,000,000

-500,000,000

 -

 500,000,000

 1,000,000,000

2
0
2

0

2
0
2

4

2
0
2

8

2
0
3

2

2
0
3

6

2
0
4

0

2
0
4

4

2
0
4

8

2
0
5

2

2
0
5

6

2
0
6

0

40 year Cumulative Discounted Cash 
Flow

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

-30% -20% -10% 0% 10% 20% 30%

IR
R

CAPEX OPEX Repex

Electricity Cost Revenue

-10

-5

0

5

10

15

20

-40% -20% 0% 20% 40%

N
P

V
 (

R
 B

ill
io

n
s)

CAPEX OPEX Repex

Electricity Cost Revenue



Thane District Cooling Pre-Feasibility Studies 

UN Environment District Energy in Cities Initiative  | 81 

 

Figure 28 above shows the results of the sensitivity analysis performed for the Hiranandani Estate 
electric chiller financial model. Revenue is the cash flow variable that produces the largest changes in 
both the NPV and the IRR. The next variables to which the model is the most sensitive are the capital 
costs and the electricity costs. In the IRR sensitivity analysis, capital costs are the second most 
important variable followed by the electricity costs. In the NPV sensitivity results, this is reversed; 
changes in the electricity costs produced the second most significant changes to the NPV, followed by 
capital costs. The reasons for the differences between the IRR and NPV sensitivity analysis are the 
same as those discussed in the Ghodbunder Road CCHP sensitivity analysis: the cost incurred the year 
that the capital is purchased shows more sensitivity in the IRR calculation. Operating costs and 
replacement costs show less sensitivity than the other cash flow variables.  

Tri-generation:  

 

Figure 29. Hiranandani Estate Tri-generation 40 year NPV sensitivity analysis  

The results to the sensitivity analysis undertaken for the tri-generation technology option at the 
Hiranandani Estate site can be seen in Figure 29. The 20 and 40 year NPV and IRR analyses show the 
same trends; the model shows the greatest sensitivity to revenue, followed by gas costs and capital 
costs respectively. Changes in the operating costs, replacement costs, and electricity costs have much 
less significant impact on the IRR and NPV in the model. 
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Environmental Benefits  
The following section describes the environmental benefits in terms of greenhouse gas emissions 
reductions associated with the 40 year network options.  

Greenhouse gas emissions assessment 

Emissions from electricity 
In order to understand the emissions reductions resulting from the district cooling network, we first 
needed to forecast the emissions produced from grid electricity in the future. In order to do this, we 
utilised the pathways from the IESS Energy Scenario Building Tool22 to calculate different emissions 
pathways23. The IESS Energy Scenario Building Tool focused on producing pathways relating to India’s 
energy security, rather than decarbonisation, and as such the pathway names, such as ‘determined 
effort’, are related to energy security effort rather than grid decarbonisation effort. In the model, it is 
possible to select the desired pathway on the dashboard. Figure 30 below shows the different energy 
security pathways and the resulting emission factor in kgCO2e/kWh.   

 

Figure 30. Grid electricity decarbonisation pathways 

The future grid electricity emissions projections are used to estimate the business as usual emissions 
for each building and also to estimate the emissions associated with the operation of the district 
cooling network for each technology. These two calculations subsequently demonstrate the emissions 
saved from network implementation. If open access electricity is purchased to supply the district 
cooling network (as is discussed in the in the utility cost section of this chapter), it’s likely that the 
emissions factor will be less than pathways described in Figure 30. In future project phases, a 

                                                           
22 http://indiaenergy.gov.in/iess/default.php 
23 The emissions factors calculated take into account transmission and distribution losses 
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monitoring, reporting and verification (MRV) framework should be developed to ensure that the 
project achieves the anticipated reduction in emissions.  

Emissions from HFC refrigerants 
The greenhouse gas savings calculation also takes into account emissions saved due to using less 
refrigerant or, at times, using a refrigerant with a lower global warming potential. The model makes a 
few important assumptions including that the cooling network is using R143a as the refrigerant for 
electric chillers and none of the refrigerant is recycled at the end of project. In Chapter 3 we discuss 
the merits and drawbacks of various refrigerants, and recommend that this is investigated further in 
the next stage of analysis. 

Ghodbunder Road 

Electric Chillers 

Emissions savings 

A cooling network operating with electric chillers at the Ghodbunder road site, averages 37%24 
lifetime greenhouse gas emissions savings when compared with the BAU scenario. On average 12% 
of the emissions saved are due to reducing emissions related to HFC use. Figure 31 shows both the 
electricity and HFC emissions saved under the different grid electricity emissions scenarios while 
Table 35 summarises the emissions savings 

 

Figure 31. 40 year GHG emissions savings (tCO2e) for electric chiller option at Ghodbunder Road 

Table 35. Summary of average electric chiller emissions savings under 20 year and 40 year lifetime 

Technology Option Average 20 year carbon savings  Average 40 year carbon savings 

Electric Chiller 90,811 tCO2e 1,65,372 tCO2e 

                                                           
24 This is average savings across all grid electricity emissions scenarios. 
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Network Emissions  

The electric chiller based option produces most of 
its emissions from electricity consumption. On 
average 91% of its emissions are due to electricity, 
while 9% are from HFC use.  

 

Tri-generation 

Emissions savings  

The emissions savings from the tri-generation option are greater than the savings produced from the 
electric chiller option. This is because using natural gas has a lower emissions factor than grid 
electricity per kWh, which is predominantly coal-based. A cooling network operating a tri-generation 
system at the Ghodbunder road site, averages 54%25 lifetime greenhouse gas emissions savings when 
compared against the BAU scenario. 7% of the emissions saved are due to reducing emissions related 
to HFC use. Table 36 below shows the average carbon savings across all pathways from a cooling 
network at Ghodbunder road for each technology and Figure 33 shows the savings related to fuel use 
(gas and electricity) and related to HFC use.  

 

Figure 33.  40 year GHG emissions savings (tCO2e) for trigeneration option at Ghodbunder Road 

Table 36. Average carbon GHG emissions savings from cooling network implementation  

Technology Option Average 20 year carbon savings  Average 40 year carbon savings 

Tri-generation 2,96,289 tCO2e 4,66,987 tCO2e 

                                                           
25 This is average savings across all grid electricity emissions scenarios. 
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Network emissions 

The majority of greenhouse gas emissions 
relate to the gas and electricity consumed by 
the CHP system (96%), while HFC use only 
accounts for 4% of the greenhouse gases 
produced by this option.  

 

 

 

 

Summary 

In summary, while Figure 35 shows the carbon savings attributable to the different buildings in the 
network.  

Electric Chiller Tri-generation 

  
Figure 35. Greenhouse Gas emissions savings per building  
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Hiranandani Estate 

Electric Chillers 

Emissions savings 

A cooling network operating with electric chillers at the Hiranandani site, averages 20%26 lifetime 
greenhouse gas emissions savings when compared with the BAU scenario. On average 67% of the 
emissions saved are due to reducing emissions related to HFC use. Figure 36 shows both the 
electricity and HFC emissions saved under the different grid electricity emissions scenarios while 
Table 37 summarises the emissions savings.  

 

Figure 36. 40 year GHG emissions savings (tCO2e) for electric chiller option at Hiranandani Estate 

Table 37. Average carbon GHG emissions savings from cooling network implementation  

Technology Option Average 20 year carbon savings  Average 40 year carbon savings 

Electric Chiller 90,811 tCO2e 1,65,372 tCO2e 

Network emissions 

While much of the potential to reduce emissions 
through using an electric chiller powered district 
cooling system compared with the BAU scenario 
come from reducing the use of HFCs ultimately, 
we estimate that only 4% of the network’s 
emissions will be created from HFC use.  

 

 

                                                           
26 This is average savings across all grid electricity emissions scenarios. 
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Tri-generation 

Emission Savings 

The use of the tri-generation option at Hiranandani Estate produces an average emissions reduction 
of 24% across all electricity emission scenarios when compared with the BAU scenario. The reduction 
of emissions due to reduced use of HFCs varies depending on the electricity scenario.  

Its worth noting that in order to model the emissions on a per site basis, emissions relating to the 
generation of electricity from the CCHP system have been applied to each of the buildings that is 
connected to the private wire. However, the CCHP will generate more electricity than the estimated 
demand for these buildings, which will be exported to the grid. This analysis attributes the emission 
associated with exported electricity to the private wire sites. As is such, the scenarios where the 
emission factor for grid electricity reduces the most, show the CCHP system as producing more 
emissions from electricity and fuel consumption than the BAU scenario. Ultimately, those scnearios 
still demonstrate net emissions savings due to HFC reductions. A more detailed analysis is 
recommended in the detailed feasibility stage.  

 

Figure 38. 40 year GHG emissions savings (tCO2e) for the tri-generation option at Hiranandani Estate 

Table 38. Average carbon GHG emissions savings from cooling network implementation  

Technology Option Average 20 year carbon savings  Average 40 year carbon savings 

Tri-generation 2,83,399 tCO2e 4,39,625 tCO2e 
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Network emissions 

The emissions profile of the tri-generation 
network derives 98% of its emissions (on 
average) from the use of electricity and fuel. 
Only 1.6% of emissions come from HFC-use in 
the electric chillers. 

 

Summary 

Figure 40. summarises the breakdown of emissions savings for each site per technology option. 

Electric Chiller Tri-generation 

  

Figure 40. Hiranandani Estate Cooling network GHG savings per Building 

 

 

 

 

 

25%

16%

1%
7%

25%

26%

Cooling network GHG savings

TCS 1 TCS 2 Hotel IT building 1 (Amazon) IT building 2 IT building 3

22%

14%

1%9%
27%

27%

Cooling Network GHG savings

TCS 1 TCS 2 Hotel IT building 1 (Amazon) IT building 2 IT building 3

1.6%

98%

CHP cooling network emissions by 
source (percentage)

Average percentage network emissions from HFCs

Average percentage of network emissions from fuel (electricity & gas use)

Figure 39. Breakdown of Hiranandani Estate Tri-
generation greenhouse gas emissions 



 

 

6. Risk assessment 

 

 



Thane District Cooling Pre-Feasibility Studies 

UN Environment District Energy in Cities Initiative  | 90 

Key risks and issues 
Table 39. Risks and issues  

 
Risk / issue Risk rating Rationale Mitigating measure / action 

 Impact Likelihood Rating 

En
er

gy
 d

em
an

d
 a

ss
e

ss
m

e
n

t 

High level 

information 

currently 

available for the 

majority of 

planned 

developments  

Risk rating Energy demands for planned 
developments at Hiranandani have 
been based on high level information 
that is likely to change as development 
plans are progressed. 

Energy demands for all planned developments have been 
calculated based on the most recent information available 
using conservative benchmarks and sense checked against 
India specific consumption and weather pattern data. Energy 
demands should be reassessed as development plans 
progress. 

3 4 12 

Re-scored risk rating 

3 3 9 

Where 
organisations 
were not able to 
provide energy 
consumption 
data, energy 
demands have 
been estimated 
using 
benchmarks or 
data from similar 
buildings 

Risk rating For the existing potential cooling loads, 
where data was not available, energy 
demands have been developed using 
benchmarks and sense checked against 
data from similar buildings. Key existing 
potential connections, where 
consumption data was not available, 
include Raymond Company and TCS 
Yantra Park (electricity demand only). 

Where building information was not available, energy 
demands have been verified using data from similar buildings 
in previous studies and sense checked against India specific 
consumption and weather pattern data. 

3 4 12 

Re-scored risk rating 

3 3 9 

Half-hourly 
consumption 
data and 
operational 
COPs not 
available for the 

Risk rating Cooling demand profiles, consumption 
and peak demand estimates have a 
significant impact on technical and 
financial viability of the proposed 
network.  

This is currently calculated based on our knowledge of building 
use, occupancy patterns and local temperature data. Future 
research and planned metering activities should aim to clarify 
operational performances of existing equipment, which will 
enable a more accurate estimate of actual cooling 
consumption. Accurate peak demand data should also be 

5 4 20 

Re-scored risk rating 

5 3 15 
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majority of 
connections. 

We understand that half hourly data is 
not available at the majority of existing 
sites. In Hiranandani, the majority of 
connecting buildings are planned 
developments.  

obtained to more precisely assess an overall system peak 
demand figure.  

 

Key stakeholders 
do not engage 
with project 

 

Risk rating The network viability and scale will be 
impacted by the number of 
connections that can be secured. 

Stakeholder engagement has been undertaken, and whilst 
some stakeholders have expressed concerns, there is a good 
level of support for the project amongst potential customers. 
It will be important for this engagement to continue as the 
project progresses and for concerns to be addressed. 

5 4 20 

Re-scored risk rating 

5 3 15 

En
er

gy
 s

o
u

rc
es

 a
n

d
 e

n
er

gy
 c

en
tr

e 

H
ea

t 
so

u
rc

es
 a

n
d

 e
n

er
gy

 c
en

tr
e

 

Securing suitable 
site for energy 
centre 

 

 

 

Risk rating Both projects are reliant on a suitable 
energy centre being secured.  

For Hiranandani Estate, the preferred site has been selected 
based on conversations with the architect regarding the most 
suitable location. For Ghodbunder Road, the preferred site has 
been selected based on a review of possible sites provided by 
TMC. As the project progresses, further liaison will be required 
with TMC Planning Officers and Hiranandani Estate.  

4 4 16 

Re-scored risk rating 

4 3 12 

Carbon savings 
are less than 
predicted 

Risk rating Understanding how the grid will 
decarbonise in the future is difficult, 
especially over a 40 year period. It’s 
impossible to know exactly how 
technologies will develop and be 
commercialised and how they will 
deployed within the electricity grid. 
Add to this the uncertainty of energy 
policy over this period and it becomes 
very difficult to foresee the emissions 
produced by a kWh of electricity. This 
means that the GHG emissions saved as 

Electricity Grid emissions projections were unavailable for 
India at the time of writing.  In order to estimate future 
emissions saved, we used the best available information in the 
IEES model (further discussed in the environmental benefits 
section). This model developed different energy pathways 
describing energy security scenarios. We used these scenarios 
to build grid emissions factors for each pathway described in 
the model.  

 

3 5 15 

Re-scored risk rating 

2 5 10 
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a result of this project may be smaller 
than or greater than those projected in 
this model. 

P
ip

e
 n

et
w

o
rk

 a
n

d
 b

u
ild

in
g 

co
n

n
e

ct
io

n
s 

Raymond 
Company will 
need to be 
refitted to be 
district cooling 
compatible.  

Risk rating Raymond Company currently operates 
a range of buildings on a campus, most 
of which use standalone chillers or split 
systems. The building cooling systems 
are not connected. Given a connection 
to each plant room would likely be cost 
prohibitive, the site would converted to 
a centralised cooling network in order 
for it to be connected to the network. 

  

Raymond Company has been engaged on this matter and are 
aware of the situation. Ongoing engagement should continue 
to take place in order to inform this activity and secure the 
connection, highlighting that there are likely to be efficiency 
gains from this conversion regardless of whether the site 
connects to the network. Initial sensitivity analysis indicates 
that all technology options will still be viable if Raymond 
Company does not connect. The results of the financial 
indicator Changes are shown in the table below. 

Financial Indicator With Raymond 
Company 
Connected 

Without Raymond 
Company 
Connected 

Electric Chiller (40 years) 

IRR 23.84% 18.02% 

NPV ₹ 46,75,43,074 ₹ 16,74,43,655 

Simple Payback 5.4 years 6.9 years 

CHP (40 years) 

IRR 31.15% 29.82% 

NPV ₹ 1,45,14,16,340 ₹1,34,50,80,212 

Simple Payback 4.3 years 4.5 years 
 

3 5 15 

Re-scored risk rating 

2 5 10 

Physical barriers 
prevent 
implementation 
of scheme or 
lead to CAPEX 
increase and 
viability issues  

Risk rating Key barriers include the potential for a 
high density of buried utilities 
(unknown at this stage) and traffic 
management considerations with 
regards to Ghodbunder Road. 

The main physical barriers, issues and constraints within the 
study area for Ghodbunder Road and Hiranandani Estate have 
been considered, and, where possible avoided during the 
network prioritisation process. Information was primarily 
gathered through conversations and a route walkover.  

As the project progresses, the team should seek to access GIS 
layers and/or conduct Ground Penetrating Radar surveys at 
high risk sections of the route. Further liaison will be required 

5 4 20 

Re-scored risk rating 

5 3 15 
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with local Highways, Planning departments, utility companies 
and developers.  

 

Location of 
network 
connection 
changes, leading 
to CAPEX 
increase and 
viability issues 

 

Risk rating If the location of network connection 
changes, this could result in an increase 
in pipe length required to connect the 
building to the network and a 
consequent increase in CAPEX. Changes 
in energy centre location could also 
produce changes in the pumping cost 
and in system losses. 

For most of the connections, we have conducted site surveys, 
reviewed site plans or had conversations to confirm the 
location of the plant room and most optimal route for 
connection. In a small number of cases, this has been 
estimated based on conservative assumptions. Further liaison 
with building owners and developers should take place to 
refine the connection strategy for each building.  

3 3 9 

Re-scored risk rating 

3 2 6 

 

Movement in 
the gas and 
electricity tariffs 

Risk rating The future price of energy is subject to 
significant volatility because of national 
and worldwide economic and political 
factors, making it difficult to forecast 
reliably.  

The future price of gas and electricity 
will impact the cost of cooling and 
power generation from the energy 
centre and the price at which cooling 
and electricity can be sold to users. The 
difference between these prices is a 
critical supporting revenue to the 
project.  

The operator of the network would need to ensure that the 
gas and electricity purchase, and cooling and electricity sales 
contracts are aligned to minimise the risk to project revenue. 
It may be possible to transfer this risk to either the generation 
entity or to the user through appropriate contract structuring, 
e.g. through take or pay arrangements with end users, or long 
term fixed fee power and gas purchase contracts. The risk may 
also be mitigated through the appropriate structuring of 
standing charges and tariffs, with standing charges covering 
the fixed costs of operation and the tariff element the variable 
elements.  

The future energy price forecasts used in the analysis have 
been determined using the best available information for 
Thane. For electricity we used current open access prices 
provided by ICLEI South Asia or, where applicable, current 
regular electricity prices found on the Maharashtra State 

5 4 20 

Re-scored risk rating 

4 3 12 
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Electricity Distribution Company website27 and applied a 2% 
annual inflation rate. For gas, we produced a range of price 
scenarios. If the daily gas demand is less than 50,000m3, the 
city gas network scenario is selected in the model. This is 
based on historic data from Mahanagar Gas Limited and a 2% 
annual inflation rate applied. If the daily gas demand is greater 
than 50,000m3, we developed three scenarios using a 
methodology and data set provided by Shell India.  

Sensitivity analysis of changes to the gas and electricity tariffs 
and cooling and electricity sales tariffs have been modelled 
and the results are contained within Chapter 5 of this report.  

Increase in 
capital costs 

Risk rating There is a risk that the overall 
construction cost will increase due to 
cost over runs or delays by the 
contractor(s).  

 

The operator of the district cooling network may be able to 
manage this risk, where appropriate, by contracting on a fixed 
price basis with a construction provider.  

Capital cost estimates have been sourced as much as possible 
through project specific quotes provided by local organisations 
such as Tabreed and Clarke Energy, supplemented with our 
own project experience as required. All costs have also been 
subject to a thorough peer review from DES Initiative partners.  

At such an early stage in the project the uncertainty associated 
with the price of capital expenditure is 17%.   

This sensitivity has been modelled, showing the impact if the 
capital expenditure were to increase or decrease by various 
amounts. The results of this sensitivity are outlined Chapter 5 
of this report.  

4 4 16 

Re-scored risk rating 

4 3 12 

Risk rating 

                                                           
27 Maharashtra electricity regulatory commission. 2017. Case no. 195 of 2017. In the matter of mid-term review petition of Maharashtra State Electricity Distribution 
Company Limited for Truing-up of Aggregate Revenue Requirement (ARR) of FY 2015 -16 and GY 2016-17, Provisional Truing up of ATT of FY 2017-18 and Revised 
Projections of ARR for FY 2018-19 and FY 2019-20. 
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Increase in 
operational costs 

2 4 8 There is a potential risk that 
maintenance or life cycle costs will 
increase, due to factors such as a 
higher than anticipated level of plant 
failure, resulting in increased 
operational and maintenance costs.  

The risk of increased maintenance costs may be mitigated by 
entering into a fixed price maintenance contract. 

Sensitivity analysis has been modelled, showing the impact if 
the operating expenditure were to increase or decrease by 
various amounts. The results of this sensitivity are outlined in 
Chapter 5 of this report.  

Re-scored risk rating 

2 3 6 

Cooling and/or 
electricity sales 
tariff 

 

 

 

The price at which cooling and 
electricity is sold to the customers is 
critical to securing long term contracts 
and the long term viability of the 
project. 

 

 

The base case assumes that the customer will pay 10% less 
than their current costs association with cooling and 
electricity. This is primarily based on actual BAU cost data that 
has been gathered from prospective customers. A sensitivity 
was run to establish the impact of an increase or decrease in 
cooling and / or electricity sales tariff, outlined in Chapter 5.  

Insufficient take 
up of cooling 
and/or 
electricity sales 
by third party 
customers 

Risk rating There is a risk that the network 
operator cannot secure a sufficient 
amount of take up of cooling and/or 
electricity customers, threatening the 
viability of the scheme. 

Whilst this is a risk that the operator can manager (e.g. 
through good stakeholder engagement and offering discounts 
for long term contracts), it cannot have complete control over 
the overall take up. This is particularly true of Ghodbunder 
Road, where existing building owners will have the choice to 
connect or not. In the case of Hiranandani, there may be an 
opportunity to secure guaranteed connections through the 
developer as new buildings are constructed, this should be 
discussed further with the developer. On this basis, the 
sensitivity analysis modelled in chapter 5, demonstrates the 
impact of connections being lost to the scheme (as the 
sensitivity to revenue). Specific scenarios and their risks can be 
tested in the model. Below we have outlined if the NPV 
remains positive if any one connection is lost. 

 

Ghodbunder Road 

5 4 20 

Re-scored risk rating 

5 3 15 
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Building not 
connected 

Is NPV is positive (40 years) 

Electric Chiller  CHP 

Jupiter Hospital Yes Yes 

Vivana Mall No No 

Korum Mall Yes Yes 

Cadbury Company Yes Yes 

Raymond 
Company 

Yes Yes 

TCS Yes Yes 

 

Hiranandani Estate 

Building not 
connected 

Is NPV is positive (40 years) 

Electric Chiller  CHP 

TCS 1 No No 

TCS 2 Yes Yes 

Hotel Yes Yes 

IT Building 1 Yes Yes 

IT Building 2 Yes No 

IT Building 3 Yes No 

  

G
en

e
ra

l 

Change in law 

 

 

 

Risk rating The introduction of new legislation for 
district energy may impact the project 
viability. 

Future changes in law are difficult to predict, and are most 
likely to impact the capital and/or operational costs associated 
with the project.  

3 3 9 

Re-scored risk rating 

3 3 9 

Senior 
management 
and decision 
makers do not 

Risk rating There is a risk that senior management 
will not fully support the project. If this 
is the case, then the whole project 
viability could be affected. Senior 

At present, senior management within TMC and EESL are 
appraised of project progress and are fully supportive. 
Meetings, presentations and workshops have been delivered 
to agree the objectives for the project and align them to 

5 2 10 

Re-scored risk rating 
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fully support the 
scheme, and / or 
the scheme is 
not linked to 
strategic 
priorities. 

4 1 4 management engagement is key to 
advance the project further. 

strategic priorities. Further stakeholder engagement will be 
needed in the next phases of the project in order maintain 
support and address concerns should they arise. 

 



 

 

7. Key assumptions 
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Introduction 

For ease, we have collated a list of the key assumptions used throughout the pre-feasibility studies for 
both Ghodbunder Road and Hiranandani Estate below.  

 

Ghodbunder Road 

Demand Assessment Assumptions 

An overview of the assumptions used in the demand assessment for Ghodbunder Road is provided 
below: 

 Cadbury  company – 242 kWh/m2 for total building electricity (6,200m2) 

 Cadbury company -  105 kWh/m2 for cooling electricity consumption (6,200m2) 

 Raymond  company – 242 kWh/m2 for total building electricity (23,969m2) 

 Raymond company -  105 kWh/m2 for cooling electricity consumption (23,969m2) 

 TCS Yantra Park – 348 kWh/m2 for total building electricity (46,451m2) 

 COP used for demand estimate = 2.5 for all sites 

 77% of installed capacity for peak demand (where unknown) 

 

Supply Assessment Assumptions 

An overview of the assumptions used in the supply assessment for Ghodbunder Road is provided 
below: 

 COP of 5 for electric chillers 

 COP of 0.7 for absorption chiller 

 COP of 2.5 for BAU brownfield  

 Electrical efficiency of 38.5% and thermal efficiency of 37.7% for CHP 

 CHP downtime per month – 3 days per month (90% availability) 

 Heat gain of 5% 

 Water use 0.012cubic metres/RT/hr 
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Efficiencies of CHP 
The efficiencies of a gas-engine depend partly on the way the engine is tuned to control NOx 
emissions. We have selected for the base case the Jenbacher J620 as the gas-engine based CHP system 
and when set for the lower NOx limit of 250mg/Nm3 the manufacturer quotes the following outputs: 
 

 Electricity, 3360kW, 44.9% efficiency 

 Heat, 3127kW, 41.8% (assume exhaust gases cooled to 120C) 

 From the above the fuel input is 7482kW 

 
The convention used when stating efficiency for power generation plant is to use the lower or net 
calorific value. However, when calculating the economics of a plant this needs to be converted to gross 
calorific value (GCV) as fuel is sold on a GCV basis. Hence, the fuel input stated above needs to be 
increased by a factor of 1.108. This gives the following outputs and efficiencies: 
 

 Electricity, 3360kW, 40.5% efficiency 

 Heat, 3127kW, 37.7% (assume exhaust gases cooled to 120C) 

 The fuel input is 8291kW (GCV basis) 

 
In addition, there will be some electricity use associated with the CHP plant i.e. primary pumps and 
ventilation fans which are not taken into account in the above figures. Also, over the life of the plant 
some degradation of efficiency could be expected. Reducing the electricity output further by 5% 
results in the following efficiencies which are used in the operating model. 

 

 Electricity, 3192kW, 38.5% efficiency (GCV basis after accounting for parasitic energy use) 

 Heat, 3127kW, 37.7% (GCV basis) 

 
Chiller CoPs 
 
Single effect absorption chillers typically have quoted CoPs of 0.7 (cooling output divided by heat 
input). There is a small electricity use as well for the circulating solution pump. Thermax produce a 
suitable absorption chiller in India which has a CoP of 0.77 for a 7°C chilled water temperature. A 
slightly lower CoP of 0.75 has been assumed at this stage as lower chilled water temperatures will be 
needed and a final choice of manufacturer has not been made.  
 
Centrifugal electric chillers with R134a refrigerant are widely available from global suppliers. A CoP of 
5 has been assumed as being representative of typical machines although higher figures can be 
obtained from some manufacturers. Additional electricity use has been estimated separately for 
chilled water primary pumps and condenser water pumps. The CoP of the chiller will vary with 
condenser water temperatures and the load on the machine - the CoP improves under part-load 
operation and when the condenser water temperatures are lower which would occur for most of the 
year. As a result, assuming the quoted CoPs for the design condition is a pessimistic approach for the 
economic model which is appropriate at this stage. In the next stage of project development more 
detailed modelling of the performance of the chillers could be undertaken to take account of loading 
on each chiller and the ambient conditions through the year.  
 
 



Thane District Cooling Pre-Feasibility Studies 

UN Environment District Energy in Cities Initiative  | 101 

Economic Assessment Assumptions 
Key economic assumptions: 

 Time period  =  20 and 40 years 

 Inflation scenario =  2%   

 Real discount rate = 11.2% 

 Nominal discount rate = 13.42%  

 For the weighted average cost of capital assumptions see Table 40 

Table 40. WACC figures and source of information 

WACC variable Rate used Source 

The percentage of financing 
that is equity 

20% EESL 

The percentage of financing 
that is debt 

80% EESL 

The cost of equity 23.5% EESL 

The cost of debt 10% EESL 

Price assumptions: 

 Cooling Network: the network will purchase electricity at the open access price of ₹ 6.25/kWh 

 BAU: in the absence of a cooling network, buildings will purchase electricity at either the HT – 
IA or HT- II tariff. Per kWH tariffs were calculated and did not include demand (KVA) charges. 
The formula used to determine these tariffs is as follows:  

Price  = Energy Demand charge + average TOD charge + wheeling charge + FAC charge 

This resulted in the following two electricity tariffs: 

o HT – IA: ₹ 7.60/kWh 

o ₹ 12.98/kWh 

 Water: ₹ 40/m3 

 The network will connect to the city gas network. An average historical rate was calculate to 
estimate the year 1 price at ₹ 2.24/kWh 

 Land costs (for energy centre): ₹0 
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Hiranandani Estate 

Demand Assessment Assumptions 

An overview of the assumptions used in the demand assessment for Hiranandani Estate is provided 
below: 

 TCS 1 - 158 kWh/m2 for total building electricity (155,377m2) 

 TCS 1 - Cooling electricity consumption – average of 5 months data provided used to estimate 

 TCS 2 - 158 kWh/m2 for total building electricity (71,703m2) 

 TCS 2 - 23% of total site consumption assigned to cooling (as per TCS 1) 

 Hotel - 279 kWh/m2 for total building electricity (6,235m2) 

 IT building 1 - 348 kWh/m2 for total building electricity (30,000m2) 

 IT Building 1 - cooling equates to 50% of total site electricity consumption  

 IT Building 2 - 348 kWh/m2 for total building electricity (75,000m2) 

 IT Building 2 - cooling equates to 50% of total site electricity consumption  

 IT Building 3 - 348 kWh/m2 for total building electricity (75,000m2) 

 IT Building 3 - cooling equates to 50% of total site electricity consumption  

 COP used for demand estimate = 3.5 for all sites 

 0.14-0.15kW/m2 to determine installed capacity for all sites (based on TCS 1 data ~0.04TR/m2) 

 75% of installed capacity for peak demand (all sites) 

 

Supply Assessment Assumptions 

An overview of the assumptions used in the supply assessment for Hiranandani is provided below: 

 COP of 5 for electric chillers 

 COP of 0.7 for absorption chiller 

 COP of 3.5 for BAU greenfield 

 Electrical efficiency of 38.5% and thermal efficiency of 37.7% for CHP 

 CHP downtime per month – 3 days per month (90% availability) 

 Heat gain of 5% 

 Water use 0.012cubic metres/RT/hr 
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Efficiencies of CHP 
The efficiencies of a gas-engine depend partly on the way the engine is tuned to control NOx 
emissions. We have selected for the base case the Jenbacher J620 as the gas-engine based CHP system 
and when set for the lower NOx limit of 250mg/Nm3 the manufacturer quotes the following outputs: 
 

 Electricity, 3360kW, 44.9% efficiency 

 Heat, 3127kW, 41.8% (assume exhaust gases cooled to 120C) 

 From the above the fuel input is 7482kW 

 
The convention used when stating efficiency for power generation plant is to use the lower or net 
calorific value. However, when calculating the economics of a plant this needs to be converted to gross 
calorific value (GCV) as fuel is sold on a GCV basis. Hence, the fuel input stated above needs to be 
increased by a factor of 1.108. This gives the following outputs and efficiencies: 
 

 Electricity, 3360kW, 40.5% efficiency 

 Heat, 3127kW, 37.7% (assume exhaust gases cooled to 120C) 

 The fuel input is 8291kW (GCV basis) 

 
In addition, there will be some electricity use associated with the CHP plant i.e. primary pumps and 
ventilation fans which are not taken into account in the above figures. Also, over the life of the plant 
some degradation of efficiency could be expected. Reducing the electricity output further by 5% 
results in the following efficiencies which are used in the operating model. 

 

 Electricity, 3192kW, 38.5% efficiency (GCV basis after accounting for parasitic energy use) 

 Heat, 3127kW, 37.7% (GCV basis) 

 
Chiller CoPs 
 
Single effect absorption chillers typically have quoted CoPs of 0.7 (cooling output divided by heat 
input). There is a small electricity use as well for the circulating solution pump. Thermax produce a 
suitable absorption chiller in India which has a CoP of 0.77 for a 7°C chilled water temperature. A 
slightly lower CoP of 0.75 has been assumed at this stage as lower chilled water temperatures will be 
needed and a final choice of manufacturer has not been made.  
 
Centrifugal electric chillers with R134a refrigerant are widely available from global suppliers. A CoP of 
5 has been assumed as being representative of typical machines although higher figures can be 
obtained from some manufacturers. Additional electricity use has been estimated separately for 
chilled water primary pumps and condenser water pumps. The CoP of the chiller will vary with 
condenser water temperatures and the load on the machine - the CoP improves under part-load 
operation and when the condenser water temperatures are lower which would occur for most of the 
year. As a result, assuming the quoted CoPs for the design condition is a pessimistic approach for the 
economic model which is appropriate at this stage. In the next stage of project development more 
detailed modelling of the performance of the chillers could be undertaken to take account of loading 
on each chiller and the ambient conditions through the year.  
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Economic Assessment Assumptions 
Key economic assumptions: 

 Time period  =  20 and 40 years 

 Inflation scenario =  2%   

 Real discount rate = 11.2% 

 Nominal discount rate = 13.42%  

 For the weighted average cost of capital assumptions see Table 41 

Table 41. WACC figures and source of information 

WACC variable Rate used Source 

The percentage of financing 
that is equity 

20% EESL 

The percentage of financing 
that is debt 

80% EESL 

The cost of equity 23.5% EESL 

The cost of debt 10% EESL 

Price assumptions: 

 Cooling Network: If the electric chiller technology is used the network will purchase electricity 
at the open access price of ₹ 6.25/kWh 

 Cooling Network: If the CCHP technology option is used, the network will purchase electricity 
at the HT – IA price of ₹ 7.60/kWh 

 BAU: in the absence of a cooling network, buildings will purchase electricity at either the HT – 
IA or HT- II tariff. Per kWH tariffs were calculated and did not include demand (KVA) charges. 
The formula used to determine these tariffs is as follows:  

Price  = Energy Demand charge + average TOD charge + wheeling charge + FAC charge 

This resulted in the following two electricity tariffs: 

o HT – IA: ₹ 7.60/kWh 

o ₹ 12.98/kWh 

 Water: the price both the cooling network and BAU buildings pay for water is ₹ 40/m3 

 The network will connect to the city gas network. An average historical rate was calculate to 
estimate the year 1 price at ₹ 2.24/kWh. A different methodology was used to calculate the 
price of gas if the daily demand of the system should exceed 50,000 m3. 

 Land costs (for energy centre): ₹0 

 

 

 



 

 

8. Business model options 
appraisal 
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Initial business model options appraisal 

Introduction  

The five main governance model options available for the 
development of district cooling networks are shown to the left. 
These models can be broadly categorized as public, private, hybrid 
public/private, or stakeholder owned. In this section we describe 
each governance model and their respective advantages and 
disadvantages.  

We will also explore how selected models can be tailored by 
borrowing concepts from other models to both meet the project 
aims and objectives and to align the project with key stakeholder 
needs. 

 

Public Governance Model 
 
This model describes a district cooling network that is financed and owned by a public body, such 
as Thane Municipal Corporation.  
 
The municipality is ultimately responsible for each element of the district cooling network´s delivery, 
but a third party may be contracted out to deliver services such as the design, build, operation, and/or 
maintenance of the system28.  
 
Table 42 describes the different advantages and disadvantages for key aspects of the delivery model, 
such as financing, prices, risks, and the amount of control that the municipality will have over the 
project. Two key takeaways from the table are: 

1) due to the comparatively low rates typically available for the public sector financing, this 

governance model tends to be the lowest cost approach, which in turn results in low cooling 

prices for customers; and 

2) the municipality retains all risks associated with the project.   

Table 42. Advantages and disadvantages of the public project development company delivery model 

Delivery Model elements Advantages and disadvantages 

Financing  Municipality must provide investment 
 Lowest cost approach 
 Exempt from corporation tax 
 Municipality retains any surplus 
 Lack of ring-fenced budget 

Alignment with 
Municipality aims  

 Aligned with Municipality aims 

Municipality´s Level of 
Control 

 Highest level of control 

Customer Prices  Low 

                                                           
28 There can be advantages to contracting via a Design, Build, Operate, Maintain (DBOM) contract. By 
contracting a company that will operate and maintain the system, it provides additional incentive to ensure 
that the network is designed and built well and efficiently.  
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Risks  Municipality must accept all risks 
 Competition for funding leading to underinvestment, compromising 

quality 
 High political risk 
 High reputational risk 

Skills  Must develop skills or contract out 

Network Flexibility  There is flexibility to extend the network 

 

A wholly public governance model might be more suited to the Ghodbunder Road project, given the 

energy centre and network will likely be sited on publically owned land, and therefore the subject of 

a greater level of influence compared with the privately owned Hiranandani Estate. However, it is our 

understanding that TMC is unlikely to be in a position to wholly finance a district cooling network in 

Thane, but may well be interested in some element of public ownership.  

Wholly Private Governance Model 
 

In contrast with a fully public governance model, a wholly private governance model is where a private 

company secures funding for the district cooling network and owns and operates the network. In 

comparison with the fully public, hybrid public/private, and stakeholder owned governance models, 

this model is perceived as the highest cost approach with the highest customer prices. This is 

because the private sector will access financing at higher rates than the public sector which increases 

the cost of capital and can lead to increased customer prices. Additionally, the other governance 

models may place a higher value on community benefits, in turn leading them to take a strategic 

decision to set lower prices.  A wholly private governance model would transfer risk from the public 

sector to the private sector, although not completely insulate the public sector from reputational risk. 

Table 43 describes the advantages and disadvantages for key aspects of this delivery model. 

Table 43. Advantages and disadvantages of the wholly private delivery model 

Delivery Model elements Advantages and disadvantages 

Financing  External investment (may require Municipality contribution) 
 Highest cost approach due to commercial returns on investment 
 Council loses any potential revenue 

Alignment with 
Municipality aims  

 Lack of alignment with Municipality aims 

Municipality´s Level of 
Control 

 The Municipality has very limited/no control 

Customer Prices  May have the highest customer prices  

Risks  Transfers risk to the private company 
 Risk of cherry picking most attractive properties 
 Potential reputational risk to the Council and the private sector 

operator 

Skills  Private company has specialist experience and expertise 

Network Flexibility  Lack of flexibility in adjusting or extending network 

Other  Complex lengthy procurement is typical, though this may not 
necessarily be the case in India.  

There are a multitude of specialised district cooling operators that are active in India, or have indicated 
a willingness to expand their operations to India. These organisations may well be willing to bring their 
finance to invest in a district cooling project in Thane, should it meet their investment criteria. It is 
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recommended that TMC and partners conduct soft market testing with these organisations to gain a 
better understand of their appetite.   

Publicly owned Special Purpose Vehicle 
 
A publicly owned special purpose vehicle (SPV) is a private company that is set up and underwritten 
by a public body. The establishment of an SPV means that the district cooling network would have its 
own business plan and ring-fenced budget, which is separate from the public body’s business plan, 
and which focuses exclusively on the district cooling network. The SPV would be responsible for 
securing funding, and owning and operating the district cooling network, but would be able to contract 
third parties for different roles (the design, build, operate and/or maintain), in the same way that a 
fully public model could.  
 
This SPV model would also be allowed to borrow against its assets and the revenue it derives from 
selling energy. Because a publicly owned SPV is ultimately connected to the public body, it can access 
funding at near public rates which reduce the cost of the project and keeps the price of energy low. 
Additional important advantages of this approach include the insulation against risk and alignment 
with the Municipality’s aims. Table 44 describes the advantages and disadvantages for key aspects of 
this delivery model.   
 
Table 44. Advantages and disadvantages of the SPV delivery model 

Delivery Model elements Advantages and disadvantages 

Financing  Low cost approach 
 Can access public funding 
 Ring-fenced budget 
 Any surplus goes to the public body in the form of a dividend 
 Liable for corporation tax 
 To de-risk the company, the public body will need to underwrite it 

in the early stages 

Alignment with 
Municipality aims  

 Aligned with Municipality aims 

Municipality´s Level of 
Control 

 High level of control 

Customer Prices  Low prices 

Risks  Insulates against political risk 
 Residual reputational risk 

Skills  Local skills must be developed (or can be contracted out initially) 

Network Flexibility  Flexibility to adjust or extend the network 

 

One option for the delivery of district cooling in Thane is for it to be delivered by EESL through a 
publicly owned SPV. Founded in 2010 by the Government of India, EESL is a joint venture of four 
National Public Sector Undertakings in India; NTPC Limited, Power Finance Corporation Limited, Rural 
Electrification Corporation Limited and POWERGRID Corporation of India Limited, set up under the 
Ministry of Power.  

EESL is the world’s largest public ESCO and has a very strong track record of implementing energy 
infrastructure across India, originating from large scale LED lighting programmes. It typically operates 
an ESCO model to implement energy programmes, undertaking the entire investment and recovering 
this through the revenues arising from energy sales.  

There are a wide range of funding options to consider with respect to the implementation of district 
cooling in Thane, and India more widely. We understand that EESL typically borrows from multilateral 
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funders such as IFC, GEF, and ADB, rather than directly from the Government of India, so the cost of 
finance is not as low as a typical public body might expect to access, with interest rates of around 9%.  

Given its ties to government, it is likely that EESL’s aims would be well aligned to TMC. However, should 
TMC be seeking a greater level of control, they could consider securing an equity stake in the SPV, this 
could be in return for land or direct capital investment.   

 

Hybrid public/private partnership 
 
A hybrid public/private partnership business model merges different advantages and disadvantages 
from the fully public and private models. A Hybrid model creates a partnership between the public 
and private sector in the form of a Joint Venture (JV) or SPV (note that this SPV is not a publicly owned 
SPV) wherein the district cooling network will be owned, funded, and delivered jointly by a private 
company and a public body. Bringing in a private partner opens up additional sources of funding 
and expertise for the project whilst at the same time diluting the Municipality’s control over the 
network.  
 
The private company will likely possess the specialist skills required to design, build, operate, and 
maintain the network which means that the Municipality will not need to contract out a third party 
for these activities. An additional benefit of this model is that the private partner is incentivised by 
their interest in the project and their involvement as an operator/maintainer to optimise and maintain 
the system to the highest standards. Table 45 describes the advantages and disadvantages for key 
aspects of this delivery model.   
 
Table 45. Advantages and disadvantages of the Hybrid public/private partnership model 

Delivery Model elements Advantages and disadvantages 

Financing  The costs could be low or high depending on the partner 
 Blended public/private funding 
 Ring-fenced budget 
 Part surpluses will be distributed to the public body in the form of a 

dividend 
 Liable for corporation tax 
 To de-risk the company, the public body will need to underwrite the 

it in the early stages 

Alignment with 
Municipality aims  

 Diffuses Municipality aims 

Municipality´s Level of 
Control 

 High level of control 

Customer Prices  Lower prices 

Risks  Residual reputational risk 

Skills  Receives expertise from partner organization 

Network Flexibility  There is some flexibility to extend or adjust the network 

Other  Lengthy and complex procurement 

A hybrid Public Private Partnership could be considered, with EESL and/or TMC part owning the district 
cooling network alongside a private partner. This governance model has been considered as the 
potential model for a cooling network at the Ghodbunder road site, although the length and complex 
nature of procurement under this model could impact the speed at which the project could be 
implemented.  
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Community Interest Company 
 

A Community Interest Company (CIC) is a type of limited company with an asset lock which restricts 
distribution of profits and capital, and ownership includes either one or a mixture of the following: the 
municipality, building associations and/or cooperatives. A private limited company with a community 
benefit would be created and district cooling network funding can be acquired through shares 
bought by the respective shareholders. The foremost advantage of this approach is that it is aligned 
with the community’s objectives and has a formal structure that allows them to provide inputs to the 
functioning of the network. 
 
Table 46. Advantages and Disadvantages of the Community Interest Company model 

Delivery Model elements Advantages and disadvantages 

Financing  Blended public/private funding 
 Ring-fenced budget 
 Can access equity financing 
 Liable for corporation tax 
 To de-risk the company, the public body will need to underwrite it 

in the early stages 
 Shares based 
 Can provide (capped) dividends 

Alignment with 
Municipality aims  

 The Municipality will have an arms-length influence 

Municipality´s Level of 
Control 

 The amount of control the Municipality has depends on the 
memorandum and articles of association 

Customer Prices  Lower prices to end customer 

Risks  Manages risks 
 Insulates against political risk 
 Residual reputational risk 

Skills  Local skills need to need to be developed (can be contracted out 
initially) 

 Shares skills expertise 

Network Flexibility  There is some flexibility to extend or adjust the network 

Other  Form of asset lock 
 Can exist but equity sale is restricted 

 

Community Interest Companies tend to be more commonly used where there is a high proportion of 
residential connections. In the case of Thane, this is unlikely to be the case, at least in the initial stages 
of development, and as a result this business model is not currently preferred.  

Summary of governance models 
Table 47. Summary of Business Models 

Public Project Development Company Delivery Model 

 This model describes a district cooling network that is financed and owned by the Municipality 

 The Municipality has the highest level of control in this model 

 Municipality must accept all risks 

 Municipality must develop skills or contract out 

Wholly Private Delivery Model 

 This model describes a cooling network that is financed, owned, and operated by a private 

company 
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 Very limited municipality control or no Municipality control  

 Highest costs and highest customer cooling prices 

 The Municipality does not receive any surplus 

Publically owned SPV 

 A publicly owned special purpose vehicle (SPV) is a private company that is set up and 

underwritten by a public body for the purposes of governing the district cooling network 

 The SPV can access public funding which can keep the costs lower 

 The formation of the SPV insulates against political risk 

 Local skills must be developed (or can be contracted out initially) 

 Any surplus goes to the public body in the form of a dividend 

Hybrid Public/Private Partnership: Joint Venture 

 This model creates a partnership between the public and private sectors in the form of a Joint 

Venture (JV) for the governance of the district cooling network 

 A key disadvantage of this model is lengthy and complex procurement 

 The public authority (EESL or TMC) will give up some control depending on the JV agreement 

 The costs could be low or high depending on the partner 

 Partial surpluses will be distributed to the public body in the form of a dividend 

Hybrid Public/Private Partnership: SPV 

 This model creates a partnership between the public and private sectors in the form of a SPV 

for the governance of the district cooling network 

 If the Municipality partially finances the SPV, the procurement should be faster than a J.V. 

 The Municipality will give up some control depending on the SPV agreement 

 Partial surpluses will be distributed to the public body in the form of a dividend 

Community Interest Company: CIC 

 A CIC is a company that is set up with an objective to benefit the community is some way 

 The Council will have an arms-length influence, depending on the arrangements. 

 Partial surpluses will be distributed to the Municipality in the form of a dividend 

 Setting up the district cooling delivery vehicle as a CIC will provide residents with a form of 

security on long-term energy costs 

 

Preferred governance approach 

The Carbon Trust carried out an initial workshop with key stakeholders from TMC and EESL in order 
to provide an overview of the business models and their advantages and disadvantages. At this stage, 
two potential preferred models have been identified including a Publicly owned Special Purpose 
Vehicle, led by EESL in partnership with TMC or a hybrid public private partnership, led by EESL as 
the public sector partner. 

Publicly owned Special Purpose Vehicle, led by EESL in partnership with TMC 

We understand that EESL would need to fund such a model through debt financing, and therefore 
the project must generate income or savings, which exceed the financing costs over the life of the 
investment to justify any prudential borrowing. The TMC role in project delivery could be as an 
equity partner, through the provision of capital investment or land. Alternatively, TMC may seek 
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to play the role of the project champion, to help secure a successful project.  Given that cooling 
networks are nascent and that there is limited experience taking these project through to 
implementation in the region, the cooling network SPV could contract out the design, build, 
operation, and maintenance of the network to bring in external expertise as needed29. 

 

A hybrid public private partnership, led by EESL as the public sector partner 

This model has been contemplated as a potential governance model for the Ghodbunder road cooling 
network.  In this model a hybrid public private partnership would be formed through a SPV or joint 
venture. The city would provide land as its equity (or partial equity) contribution to the project. 

It is recommended that further discussions take place over the coming months to refine the detail 
with respect to the preferred governance approach, contracting and procurement strategy for district 
cooling in Thane.  

 

 

                                                           
29 There can be benefits to contracting out for the full DBOM services (design, build, operate, and maintain) 
under a single contract. For instance, it can incentivise an efficient system build that will ultimately reduce the 
system’s operation and maintenance costs.  



 

 

9. Recommendations 
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Recommendations 

Our analysis indicates that there is strong potential for district cooling at both the Ghodbunder Road 
and Hiranandani Estate sites. It is recommended that both projects are progressed to the Detailed 
Feasibility stage, to better refine estimates associated with cooling demand, costs and revenues and 
to further explore the preferred business model and approach to implementation.  

The development of a district energy network is an iterative process, and requires continuous refining 
of the technical and commercial assumptions as the project progresses to implementation. Table 48 
outlines our recommendations for areas of specific focus in the upcoming detailed feasibility analysis.  

Table 48. Recommendations for further investigation 

 Recommendation 

Technical 
 

Reassess energy demands for planned developments at Hiranandani and 
Cadbury Company, incorporating updated information on building use, floor 
areas, layout etc. as the development plans progress. This should involve 
dynamic simulation modelling to more accurately estimate consumption 
profiles of the proposed sites. This should also include determining the physical 
connection point for the buildings in order to design the network route 
accordingly. Hot water demand should also be assessed to determine if it is 
feasible for the network to also supply this heat in the form of hot water to any 
buildings with a significant need for heating (e.g. hospital, hotels, laundry). This 
would likely result in additional CO2 savings.  

Clarify the operational performance of equipment at Ghodbunder road 
buildings and at TCS 1 to enable a more accurate estimate of actual cooling 
consumption. Accurate peak demand data should also be obtained in order to 
more accurately estimate consumption profiles.  

Implement a metering strategy and conduct detailed energy demand 
modelling to gain a better understanding of the cooling and electricity 
demand profiles, operational CoPs and peak demands across the existing 
building stock.  

Continue to engage with potential customers of the network to gather 
information and insights, build support and address concerns. This will help to 
de-risk the project and ensure deliverability.  

Ongoing engagement with Raymond Company to discuss and agree an 
approach for the conversion of the site to be ‘district cooling compatible’. 

Further liaison will be required with local Highways, Planning departments, 
utility companies and developers to optimise the network route. Access GIS 
layers and/or conduct Ground Penetrating Radar surveys at high risk sections 
of the network route.  

Further liaison with TMC Planning Officers and the Hiranandani Estate 
developer to confirm the energy centre location. 

Engagement with the iThink LODHA building owners to collect cooling demand 
data and explore the potential connection of this site to the district cooling 
network 

Further engagement with the Hiranandani Estate developer to understand the 
potential to influence the design of upcoming buildings (including commercial 
and residential) to ensure buildings are compatible with district cooling and to 
explore the possibility for the developer to offer the district cooling operator a 
demand guarantee 
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Undertake detailed comparison of technology options. Including better 
understanding of cooling demand profiles and the local cost of constructing a 
thermal store.  

Conduct a detailed lifecycle environmental impact assessment and an 
assessment and full comparison of the range of refrigerants available for 
electrically driven vapour compression chillers 

Financial 
 

Further liaison with the electricity grid operator to confirm the price at which 
the district cooling operator could buy and sell electricity from the grid under 
the various technology scenarios. This should include understanding all of the 
costs associated with Open Access options (both the price that will be paid for 
electricity, any wheeling or other charges, application fee, etc.)  

Undertake an analysis of the tax implications on the financial viability of the 
project. 

Understand if any land needs to be purchased (or rented) for the energy centre 
location. These costs should be considered in the financial analysis 

Refine the CAPEX and OPEX estimates with further tailored quotes from 
suppliers. This should include liaising with gas suppliers to define a gas price 
for a longer term supply (10 - 20 years). 

Refine the BAU cost assumptions following more detailed engagement with 
prospective customers. 

Use the refined data, gathered through the metering strategy, to estimate 
customer BAU energy costs included demand charges (per KVA). This will give 
a more accurate picture of the price being paid for cooling. Similarly, a KVA 
charge should be applied to the price for grid electricity used by the network.  

Commercial 

TMC and partners conduct further discussions over the coming months to 
refine and develop a preferred governance approach and business model for 
the development district cooling in Thane 

TMC and partners conduct soft market testing with potential investors and 
private sector operators of district cooling, to: 

- Gain a better understanding of their appetite to be involved in the 
projects 

- Gain an understanding of their willingness to bring their own finance to 
the projects, including their investment criteria 

- Gather feedback on the proposed technical and financial solution for the 
projects and use this to inform further modifications that will strengthen 
and de-risk the business case 
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Appendix 1: Hiranandani Estate Example Layouts 

 

Figure 41. TCS 1 Second Floorplan 
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Figure 42. TCS 2 Layout drawing 
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