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Abstract. This paper introduces the studies and experience learned in 
district cooling project development in developed countries and adapta-
tion process in India for city-level rapid assessment. There are 5 pilot 
Indian cities chosen to go through all the process of rapid assessment so 
as to outline the barriers, challenges and potential to develop high energy 
efficient district cooling system. The paper also instructs the tech-eco 
analysis tools for rapid assessment, which is developed by the UNEP 
District Energy in Cities Initiative and adapted in India. According to the 
results, the economic and technical boundaries of implementing district 
cooling systems are outlined. 

Keywords: District Energy System, Tech-eco Analysis, Energy Effi-
ciency Indicators, Climate Change. 

1 Introduction 

1.1 UN Environment District Energy in Cites Initiative 

The District Energy in Cities Initiative, which is one of the six accelerators under United 
Nations' (UN's) Sustainable Energy for All (SEforAll) platform, is a multi-stakeholder 
partnership coordinated by UN Environment (UNEP). The Initiative, together with over 
46 organizations and 45 champion cities on board as its partners, is supporting national 
governments and municipalities to accelerate investment in modern district energy sys-
tems (DES) through implementing incentive policies, programs and project pipelines 
on district energy. It is engaging the efforts to transform market in the sectors of tradi-
tional heating and cooling to solutions with higher energy efficiency and more renew-
able energy. 
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According to studies finished by UNEP [1], it is reported that one of the least-cost 
and most energy efficient solutions in reducing emissions and primary energy demand 
is to develop climate resilient and low-carbon DES in cities. However, there is no fixed 
term used worldwide for 'district energy systems'. UN Environment's report 'District 
Energy in Cities: Unlocking the Potential of Energy Efficiency and Renewable Energy' 
explains the technology options in detail, as well as the benefits, policies (national and 
local) and business models, as shown in Fig. 1. 

 
Fig. 1. Definition of district energy system and its components 

District cooling (DC) systems are a smart city solution that delivers the comfort of 
air conditioning with significantly reduced impacts, in particular, considerably reduced 
electricity consumption for space cooling. A district cooling system is a neighborhood-
scale air conditioning system that produces chilled water in a central plant and distrib-
utes it to multiple buildings via underground insulated pipes, replacing buildings' stand-
alone air conditioning systems. Centralizing production of chilled water and connecting 
diverse consumers means the central plant can be operated using lots of different effi-
cient sources, and have large-scale thermal storage, leading to more efficient, reliable 
and environmentally friendly cooling in buildings. By cooling several buildings in a 
city neighborhood, DC provides the economies of scale required to integrate large scale 
renewables or waste heat that cannot be connected at the individual building scale, low-
ering electricity consumption by up to 50%. Meanwhile, the district cooling systems 
dramatically reduce cooling electricity consumption and shift electricity demand away 
from peak periods. 
1.2 Pilot Indian cities for rapid assessment 

Today, 30% of Indians live in cities and it is estimated that by 2050, this figure will 
reach 50%[2]. Cities are the powerhouses of India's economy and will contribute nearly 
70% of the country's GDP by 2030 [3]. Rapid urbanization and rising income levels 
means the real-estate market is one of the largest in the world and responsible for 8% 
of India's GDP, growing to a potential 17% by 2025% [4]. Cities consume 80% of 
India's electricity demand [5] and an increasingly significant contributor, albeit well 
hidden, is electricity demand for space cooling. 

As part of the UN Environment's Global Environment Facility (GEF-6) funded pro-
ject, 5 pilot cities in the pilot country of India are selected to be rapidly assessed for 
their DC potential. Until the rapid assessment finished at the end of 2017, there is no 
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DC systems on operation in these 5 cities. These assessments also examine space cool-
ing's current impacts, ongoing and planned city programs through which DC could be 
promoted and the policy options available to each city. In-depth stakeholder consulta-
tions were undertaken in each city and potential sites identified, high-level techno-eco-
nomic assessments established, cooling demands estimated, policy and regulatory 
frameworks analyzed and recommendations to city, state and national governments de-
veloped. When selecting the five cities, the main consideration includes geographical 
diversity, demographics climatic conditions and real estate development levels.  

All of the pilot cities are part of the Government of India's Smart City Mission and 
Solar Cities Program [4]. These cities, namely Bhopal, Coimbatore, Pune, Rajkot and 
Thane, are located in different areas with various climate conditions. Electricity con-
sumption in all these cities is distinctly seasonal and in direct correlation with humidity 
and/or temperature. This seasonality is expected to be predominantly caused by space 
cooling and will only grow as demand for air conditioning increases, increasing the 
difference between peak and off-peak electricity demand. Furthermore, it is known that 
large offices, retail and some hospitals will be using air conditioning year-round. Table 
1 shows the difference between the highest and lowest monthly consumptions in each 
city. The peak of electricity consumption is actually in July as this month has the highest 
average relative humidity at 90% (rather than May which experiences highest average 
temperature). 

Table 1. Difference between highest and lowest monthly electricity consumption 

City 
Highest monthly electricity 

consumption (GWh) 
Lowest monthly electricity 

consumption (GWh) 
Percentage increase 

from baseload 
Bhopal 147.92 95.39 55% 

Coimbatore 204.01 184.13 11% 
Pune 457.02 366.90 25% 

Rajkot 143.97 101.94 41% 
Thane 256.60 180.21 42% 

2 Methodologies 

2.1 Work path for implementation of district energy system from national 
government to project level 

In order to assist the cities to implement district cooling projects, it is required not only 
to provide technical support, but also incentive policy framework, business models and 
financial support mechanism design etc.. The Initiative has developed different work 
paths to support countries and cities with different development conditions of district 
energy. For those without any district energy systems before, the work path of 'Top-
down' is applied to unlock the market from national government or ministries, to city-
level municipalities and finally to demonstration projects. It aims to engage stakehold-
ers from private and public sectors in different levels and showcase the technical feasi-
bility, economic viability and environmental benefits through pilot projects from steps 
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of national level incentive policies or standards to municipality level of urban planning 
regulation and demonstration. For those with district energy systems before but for 
some reasons they are not energy efficient or environmentally friendly, the work path 
of 'Bottom-up' is applied to retrofit or upgrade the existing projects to achieve certain 
energy efficiency levels, and from there standards, regulations, business models etc. are 
developed to support the duplication of best practice. Thus, the whole framework is 
developed from practical projects (bottom) to regional and national policies (top). The 
work paths of both 'Top-down' and 'Bottom-up' are shown in Fig. 2. No matter what 
kind of work path is applied, the deliverables of the Initiative are similar. 

 
Fig. 2. Work path of District Energy in Cities Initiative 

2.2 Tech-eco analysis tools for rapid assessment 

In order to support the fast decision making process in early stage of project develop-
ment, it is necessary to carry out a rapid assessment to find out the regions with higher 
potential technically and cost-effectively for district cooling systems than others. Dur-
ing the rapid assessment, it is required to transfer the data and information from energy 
mapping and urban planning to calculate basic system parameters to determine the size, 
investment, demand and operation cost, as well as give out parametric analyze on sen-
sible factors to evaluate the feasibility of the system. 

 
Fig. 3. Tech-eco analysis tool for rapid assessment 

A tool to assist all these analysis is developed and adapted to Indian conditions, as 
the framework shown in Fig. 3. It takes data input from urban planning to three calcu-
lation modular and gives out results of requirements for district cooling project devel-
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opment. As a result, the decision makers in the municipalities can easily have the im-
pression of environmental benefits of the district cooling system as well as the total 
investment, size, land, energy consumption and payback period. The tool can fast eval-
uate the impact of different key factors to the overall economic viability and give out 
sensitive analysis results. 

3 Results and discussion 

3.1 Benchmarking cooling demand of archetype buildings  

The relatively high average temperatures and humidity of the 5 pilot Indian cities indi-
cate that in all cities there is a suitable climate to support district cooling systems. How-
ever, space cooling is dependent on more than climate. Building efficiency, building 
occupancy and affordability are all significant drivers of air conditioning and make cal-
culating cooling demands for generic building archetypes very difficult. Building oc-
cupancy and interior heat gain have a higher impact on cooling demand, especially for 
commercial buildings, than climate. Based on the Building Energy Conservation Code, 
hourly cooling load of different archetype buildings on the design day are calculated 
and annual cooling consumption are simulated, as shown in Fig. 4. The work of bench-
marking these cooling load and annual consumption with real on-site measured data is 
ongoing in the city of Thane. 

 
Fig. 4. Calculated results of Cooling load for 5 pilot cities 

3.2 Tech-eco analysis results on potential district cooling projects 

Overall economic analysis results. Fig. 5 and 6 show the findings for a typical mixed-
use development across the cities served by an electricity-based district cooling system. 
The prices paid for cooling vary by cities primarily due to the varying electricity prices. 
With such returns on investment, from a fast comparison of one development archetype, 
it can be seen that given favorable financing support district cooling projects would be 
profitable to investors, beneficial to the environment and lower-cost to the consumers. 
For the consumer side, connecting to district cooling can bring them at least 20% saving 
annually for the whole life cycle while cutting down almost 80% of the initial invest-
ment on the first year, when comparing to standalone systems. 
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Fig. 5. Eco analysis results of IRR and annual payment  

 
Fig. 6. Cost comparison for the consumers (DC vs. stand-alone) 

Project level rapid assessment results: an example in Thane. Through the rapid as-
sessment, regions or township development with high potential for district cooling are 
highlighted in each of the pilot cities. Under the help of the tool, hourly cooling profile, 
cost-effectiveness and environmental benefits of district cooling development are ana-
lyzed, as shown in Fig. 7 to 9. These are the results of Thane greenfield project, but the 
same analysis are carried out for all the potential projects in all the 5 pilot cities. 

The characteristics of DC plant (built-up area, outdoor space for cooling towers and 
land requirements), investment, annual cooling supply, electricity and water consump-
tion are calculated. Sensitive analysis on thermal energy storage (TES) and its cost ef-
fectiveness are taken into account to find out what percentage of storage is suitable to 
current tariff. The results for different coverage ratios of ice TES for peak load periods, 
ranging from 0% to 30% show that the application of TES results in higher chilled 
water price under a fixed IRR. The reason is that the electricity price between off-peak 
and peak periods cannot cover the increased cost of TES. In order to make the TES 
system cost-effective so that the whole electrical grid can benefit from the peak load 
shifting, it is suggested to establish a special subsidy on electricity price of off-peak 
period for TES.  

The economic analysis results of different subsidy percentage under different ratio 
of ice show that all cases have the similar IRR of 17%. According to the results, at least 
20% of subsidy on off-peak electricity price is required to make TES cost-effective as 
at this point the chilled water price is below the chilled water price for a system without 
TES (0.233 USD/TR.h). 

Electricity savings of 7.53GWh of electricity annually (33% reduction from stand-
alone) are expected and a reduction in peak power demand of 9.2 MW (36% reduction 
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from stand-alone). The district cooling system can also contribute to refrigerant phasing 
out, due to reduced cooling capacity in the whole district. Over the life time, this is 
expected to be 4.4 tons, as compared to water-cooled chillers. 

 
Fig. 7. Hourly cooling profile of all the buildings in the region 

 
Fig. 8. Cost-effectiveness sensitive analysis of thermal energy storage (TES)  

 
Fig. 9. Environmental benefits of DC in Thane greenfield project 

4 Recommendations and conclusions 

4.1 Integration with Smart City Mission 

All cities have been shortlisted amongst 100 cities to be developed as Smart Cities un-
der the Government of India’s Smart Cities Mission. Under the smart city proposals, 
cities are setting out their priorities and commitments to deliver smarter, more sustain-
able and liveable cities. The smart city proposals are holistic in nature and include var-
ious smart solutions addressing water, solid waste, sewage, energy, smart grid. 
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District cooling can help cities to integrate the priority sectors presented within their 
smart city proposals, improving environmental credentials and lowering costs. For ex-
ample, district cooling systems can make use of surplus heat from waste-to-energy pro-
jects, help balance local electricity networks with cold storage and use Treated Sewage 
Effluent (TSE) as cooling water (as is done in the U.A.E). Many cities have established 
Special Purpose Vehicles (SPVs) to design and implement Smart City plans. 
4.2 City-level urban energy mapping and planning 

Municipal corporations can effectively catalyze district cooling deployment first and 
foremost in their role as planners and regulators. In general, the cities assessed have 
sufficient authority over building permissions, land-use planning, zoning and building 
regulations to successfully promote district cooling. Many of the cities do have a larger 
metropolitan-level authority they work with to develop long-term development plans 
and promote high-growth, as such strong coordination will be necessary for policy de-
velopment. All the cities have long-term Development Plans that detail land utilization 
and are used to regulate and guide development, often over a period of 20 years. The 
Plan also broadly prescribes the planning norms and development controls that will 
apply in the city. 
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