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Abstract 
 

In marching towards sustainable development after 30 years of civil war, Sri 
Lanka is currently undergoing a boom time with regard to its construction 
industry. A number of mega projects are ongoing in the capital city of the 
country. Thus, managing the high operational costs of these upcoming 
mega facilities will become a challenging task in near future. Air 
conditioning is identified as a prominent building facility in terms of high 
operational costs. The aim of the research is to study the effect of District 
Cooling Systems (DCS) on the reduction of energy demand arising from the 
operation of mega facilities and, thus, subsequently reducing the 
operational costs. 
 
A qualitative approach was selected as the research methodology to achieve 
the research objectives. An expert survey was carried out to identify the 
dominant enablers of DCS implementation in the country. The expert survey 
included professionals from multi-disciplinary backgrounds such as 
investors, HVAC contractors, DCS engineers and facility managers. 
Furthermore, an in-depth case study was carried out with the intention of 
validating the potential energy saving with the proposed DCS approach. Six 
existing large-scale buildings which are located close to each other were 
selected for the case study.  
 
The results showed that the implementation of DCS in Sri Lanka (as an 
energy conservational approach) has tremendous potential. They showed a 
25% reduction in energy demand when maintaining a temperature of 170C. 
Thus, DCS can be proposed as an effective approach to reducing the 
operational costs of mega facilities. Furthermore, the adaption of these 
advanced technologies in infrastructure developments will enhance the 
attraction of potential international investors to the country. 
 
Keywords: District cooling systems, Energy management, Mega projects, 
Operational cost, Facilities management  
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Introduction  

The construction industry can be identified as a most important industry in the development of 
a country (Towey, 2012). The construction industry in Sri Lanka is currently in a boom period 
with a number of world renowned property developers investing in the commercial capital city, 
Colombo.  Such investments include the World Capital Centre, Colombo’s Financial City and the 
Lotus Tower (an iconic Colombo building).  The rate of growth of the construction industry is 
high, close to 9.94% (Department of Census and Statistics, 2017), while similar Asian countries 
only have a growth rate of 4.5% - 5% in construction (Burger, 2015). Furthermore, Colombo has 
been listed as the fastest growing city by the MasterCard Survey in 2015 due to the large volume 
of construction projects (Santiago, 2015). As a late comer to such development, Colombo can 
plan to avoid circumstances which other developed cities face currently after the major 
developments have been completed (Business Times, 2016). Developed cities mainly face the 
issues of energy demand and supply, and upgrading to newer infrastructural techniques with 
minimum disturbance to the present operations (Charest, Flyvbjerg, Bruzelius, & Rothengatter, 
2004). Enormous constructional expansion initiates a need for more energy due to increased 
number of built properties (Chow et al., 2003). Sri Lankan energy production is at a point where 
50% of total export income has been allocated to the importation of fossil fuels (Ministry of 
Power and Energy, 2015).   
 
Air conditioning can be identified as a major service within built environments especially in 
tropical climates such as in Sri Lanka. Building cooling has been identified as a basic utility rather 
than a luxurious commodity by modern society.  Energy accounting reports show that 68% of 
the demand for energy in Sri Lanka occurs because of HVAC applications (Sri Lanka Sustainable 
Energy Authority, 2014). Furthermore, the demand for energy occurring through HVAC 
applications has expanded by 60% universally from 2000 to 2010 (International Energy Agency, 
2015). The statistics prove the significance of utilising energy-efficient HVAC systems that can 
bring down energy demand and, subsequently, reduce the operational cost while achieving high 
operational cost efficiencies.   
 
District Cooling Systems (DCS) have been identified as the major and significant approach to 
reducing energy demand and achieving cost efficiencies by the United Nations Environment 
programme (United Nations Environment Programme, 2015).  DCS have been known for their 
ability to produce energy efficiencies along with environmental conservation initiatives in high 
dense areas where cooling is required (Gang et al., 2015). Furthermore, as per the UNEP, Gulf 
leaders predict that 30% of the total cooling demand of the region can be met with DCS by 2030, 
saving the equivalence of 200,000 barrels in the process of fuel generation (avoiding 20GW of 
power generation per day). Zhang et al. (2016), have stated that, for the optimum use of DCS, 
the designing process must utilize the available natural resources. Natural resources such as lake 
water and sea water can be integrated within the DCS to achieve even more energy efficiencies. 
Additionally, a number of different technologies have been introduced via different systems to 
enhance energy conservation in the production of chilled water for cooling purposes (Chan et 
al., 2004).   Gang et al. (2015) showed that DCS can achieve significant energy savings when 
coupled with environmental factors. 
 
 

Overview of DCS   
 
Originally, the concept of DCS was developed as District Heating Systems (Rezaie and Rosen, 
2012). Later on, with the invention of electrical air conditioning in the early 1900s the concept of 
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commercial cooling was utilized by industry. Furthermore, the concept of district energy entered 
the market with the commercialized development of larger cooling systems and heating systems 
(Udomsri et al., 2012). The most outstanding feature, as compared to a typical central AC 
system, is that DCS produces large amounts of cooling energy in a central plant and supplies 
cooling energy to several buildings instead of a single building (Cabeza and de Gracia, 2015). 
The operational cycle of a typical DCS is given in Fig. 1. In a DCS, a coolant travels through the 
central cooling plant to the multiple buildings in the loop through a central distribution network 
to supply chilled water to buildings and other connected properties in the system (Chan et al., 
2005; Kaushik and Nand, 2015).  

 

 

 

Fig 1: Typical DCS Layout 
Adopted from Chow et al. (2003) 

 
• Central production plant - Central production plant is the location where chilled water is 
produced to be distributed through the central distribution network and, thus, it acts as the 
heart of the DCS system. This consists of chiller banks, primary and secondary pumps etc. The 
central production plant must be located in a convenient and economical location to 
distribute chilled water to the entire serving area.  
• Central distribution network - The central distribution network is an underground pipe 
network system which connects the central production plant and the client buildings. It 
transmits chilled water to the end user systems and brings back heat transferred water 
(heated water) from end user systems.  
• End-user systems - Clients of DCSs are the buildings which are connected to the central 
distribution network. DCS will only provide chilled water to the heat transfer station of the 
client substation. The circulation arrangement of the chilled water inside the client building is 
the responsibility of the property holder.   
• Heat Rejection System - Heat generated in the built environment is transferred back to the 
central distribution system through end-user systems and the central distribution network. 
The transferred heat that is received by the central system is removed to the atmosphere. 

 

Researchers have introduced advanced DCS technologies such as renewable cooling systems 
and renewable heat rejection systems (Gang et al., 2015; Gang et al., 2014). In situations where 
there is an absence of such sources, conventional cooling towers can be employed. When 
compared to a traditional Individual Cooling System (ICS), DCS provides massive and collective 
cooling production which provides greater efficiency (Chow et al., 2003). At the same time, DCS 
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District cooling systems with electric chillers, (2) Thermal Energy Storage, and (3) Tri
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As stated by Paksoy (2007), TES can reduce 
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tropical countries, the benefits that could be gained from TES 
seawater has been used in advance
end user systems (Atilhan et al., 2011)

Research Methodology 
This research is exploratory in nature. It uses a case study approach to study the perception of 
individuals toward the implementation of D
different objectives as follows. 
 
Case study I: A prototype DCS connecting six high rise buildings was developed. The objective of 
case study 1 was to analyse the economic feasibility of DCS. The framewor
used to select buildings for case study 1. Energy 
the building management system (BMS) (taken from September to November 2016) were used 
to obtain data for the case study. 

An expert survey was carried out to validate the prototype DCS for case study I. Details of the 
participants in the expert survey are shown in Table 1.
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Table 1: Expert survey-1 interviewee information 

Interviewee code EI-1 EI-2 EI-3 
Industry Experience +15 Years +15 Years +15 Years 
Current Employer Hotel Hotel Sri Lanka Energy Managers 

Association 
Designation Hotel Engineer Hotel Engineer Executive committee 
Max. Level of Education  B.Sc. Holder B.Sc. Holder M.Sc. Holder 
 

Case study II: Case study II was used to propose an energy savings’ DCS application for a current 
on-going mega project in Sri Lanka.  

Analysis and Discussion  
 
The framework shown in Fig. 3 was used to design the prototype DCS and analyse its economic 
feasibility.    
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Step 1: An area covering 98.01 Km2 was selected (Fig. 4) as several large scale buildings are 
located within close proximity. 
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Steps 2 and 3: Six buildings in which the energy consumption is greater than 1000TR were 
selected (refer to Table 2).  The possibility of transferring existing ICS into DCS was elicited from 
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Table 2: Description of the buildings in the prototype DCS
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Step 4: The cooling demand of the selected buildings were calculated based on three months’ 
energy consumption. Table 2 shows the maximum cooling load values of all the buildings.
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CDN Max  = Cooling load of the prototype DCS for maximum demand 
CBi   = Cooling load of ith building 

 
The maximum cooling load of the prototype DCS was calculated through accumulating individual 
cooling loads. Furthermore, 25% of additional margin was taken from the individual cooling 
loads to calculate the current maximum cooling load of the DCS (Hauer, 2013). The additional 
margin was allocated to compensate for losses in wastage and the occasional over-demand 
which could arise from the buildings in the DCS. The percentage factor for the additional margin 
was derived from literature which has presented similar projects in other countries such as 
Singapore and UAE (Gang et al., 2015). Therefore, the total cooling demand of the prototype 
DCS is 11625 TR, according to the cooling load of buildings shown in Table 2. Thus, the DCS has 
been designed to meet the total demand of 11625 TR of cooling demand. Temperature 
difference ( Q) was calculated considering three temperature set points as shown in Table 3, in 
order to calculate the required ice quantities. The proposed system used ice TES due to its 
longer energy storage capacity under tropical conditions. 
  

Table 3: Designed different temperature sets 

Set point 
combinations 

Return 
temperature 

Supply 
temperature 

Temperature 
difference ( 

Ice Quantity (t) 

1 13o C 4 o C 9 o C 1,639,645 
2 12o C 4 o C 8 o C 1,457,462 
3 13 o C 6 o C 7 o C 1,275,279 

In Sri Lanka, electricity charges are categorized into three classes such as day time, peak time 
and off-peak time and Table 4 shows respective unit prices (i.e. cost per kwh). Table 5 shows the 
energy consumption of the ICS in each class. Records of chiller logs/BMS were utilized to obtain 
the energy consumption of the chillers. Higher consumption during the day time occurs due to 
working hours within office buildings. 

 

Table 4: Electricity cost per unit in different categories 

Category Time frame Office buildings  Hotel buildings 
Day time 0530h – 1830h LKR. 20.70 LKR. 14.35 
Peak time 1830h – 2230h LKR. 25.50 LKR. 23.50 
Off-peak time 2230h – 0530h LKR. 14.35 LKR.  8.14 

 

Table 5: Electricity consumption based on building category 

Building Category 
Electricity consumption (Kwh) 

Month 
Peak  Day  Off peak  

Hotel   434,561 679,669 407,915 September 
Office   426,994 2,769,386 353,831 
Hotel   430,508 698,336 393,087 October 
Office   439,133 2,752,708 358,125 
Hotel   416,575 600,099 400,203 November 
Office   430,738 2,701,090 341,349 
All buildings 859,503 3,400,229 751,503 Average 
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energy consumption. Table 2 shows the maximum cooling load values of all the buildings.
 
Step 5: Total energy demand:  
The maximum cooling load of the prototype DCS was ca


where, 

Proceedings of the International Conference on 'Cities, People and Places'- ICCPP-201
October 20th –22nd, 2017, Colombo, Sri Lanka 

Selected area for prototype DCS        Fig 5: Length of the DCS distribution network

The total length of the central distribution network for the prototype DCS was 492.60m in 
ouble line of pipes must be laid for the supply of chilled water 

s the length of the pipe line 985.2m. Since the return pipeline 
cost of the distribution network can be further reduced. 
due to the un-defined location of the TES plant in the system

The location of the TES plant was difficult to decide without an in-depth study of underground 
ture provided for building services. Therefore, only the total cost of ice production 

considered for calculation purposes. 

Six buildings in which the energy consumption is greater than 1000TR were 
selected (refer to Table 2).  The possibility of transferring existing ICS into DCS was elicited from 

 

Table 2: Description of the buildings in the prototype DCS 

B2 B3 B4 B5 

Hotel 
building 

Hotel 
building 

Hotel 
building 

Office 
building 

Central AC Central AC Central AC Central AC 

1100TR 1400TR 1300TR 1700TR 

5336 5980 4140 11500 

The cooling demand of the selected buildings were calculated based on three months’ 
energy consumption. Table 2 shows the maximum cooling load values of all the buildings.

The maximum cooling load of the prototype DCS was calculated using the following equation. 

 =  
   1.25 

 

2017 

 
296 

Length of the DCS distribution network 

DCS was 492.60m in its 
water and the 

the length of the pipe line 985.2m. Since the return pipeline 
distribution network can be further reduced. The 

TES plant in the system. 
depth study of underground 

ce production was 

Six buildings in which the energy consumption is greater than 1000TR were 
selected (refer to Table 2).  The possibility of transferring existing ICS into DCS was elicited from 

B6 

Office 
building 

Central AC 

2000TR 

13340 

The cooling demand of the selected buildings were calculated based on three months’ 
energy consumption. Table 2 shows the maximum cooling load values of all the buildings. 

lculated using the following equation.  

 

Proceedings of the International Conference on 'Cities, People and Places'- ICCPP-2017 
October 20th –22nd, 2017, Colombo, Sri Lanka 

 
 

 
297 

 

CDN Max  = Cooling load of the prototype DCS for maximum demand 
CBi   = Cooling load of ith building 

 
The maximum cooling load of the prototype DCS was calculated through accumulating individual 
cooling loads. Furthermore, 25% of additional margin was taken from the individual cooling 
loads to calculate the current maximum cooling load of the DCS (Hauer, 2013). The additional 
margin was allocated to compensate for losses in wastage and the occasional over-demand 
which could arise from the buildings in the DCS. The percentage factor for the additional margin 
was derived from literature which has presented similar projects in other countries such as 
Singapore and UAE (Gang et al., 2015). Therefore, the total cooling demand of the prototype 
DCS is 11625 TR, according to the cooling load of buildings shown in Table 2. Thus, the DCS has 
been designed to meet the total demand of 11625 TR of cooling demand. Temperature 
difference ( Q) was calculated considering three temperature set points as shown in Table 3, in 
order to calculate the required ice quantities. The proposed system used ice TES due to its 
longer energy storage capacity under tropical conditions. 
  

Table 3: Designed different temperature sets 

Set point 
combinations 

Return 
temperature 

Supply 
temperature 

Temperature 
difference ( 

Ice Quantity (t) 

1 13o C 4 o C 9 o C 1,639,645 
2 12o C 4 o C 8 o C 1,457,462 
3 13 o C 6 o C 7 o C 1,275,279 

In Sri Lanka, electricity charges are categorized into three classes such as day time, peak time 
and off-peak time and Table 4 shows respective unit prices (i.e. cost per kwh). Table 5 shows the 
energy consumption of the ICS in each class. Records of chiller logs/BMS were utilized to obtain 
the energy consumption of the chillers. Higher consumption during the day time occurs due to 
working hours within office buildings. 

 

Table 4: Electricity cost per unit in different categories 

Category Time frame Office buildings  Hotel buildings 
Day time 0530h – 1830h LKR. 20.70 LKR. 14.35 
Peak time 1830h – 2230h LKR. 25.50 LKR. 23.50 
Off-peak time 2230h – 0530h LKR. 14.35 LKR.  8.14 

 

Table 5: Electricity consumption based on building category 

Building Category 
Electricity consumption (Kwh) 

Month 
Peak  Day  Off peak  

Hotel   434,561 679,669 407,915 September 
Office   426,994 2,769,386 353,831 
Hotel   430,508 698,336 393,087 October 
Office   439,133 2,752,708 358,125 
Hotel   416,575 600,099 400,203 November 
Office   430,738 2,701,090 341,349 
All buildings 859,503 3,400,229 751,503 Average 
 

297



 

Proceedings of the International Conference on 'Cities, People and Places'- ICCPP-2017 
October 20th –22nd, 2017, Colombo, Sri Lanka 

 
 

 
298 

 

The total cost of ICS was computed to compare with the energy consumption of the prototype 
DCS. Table 6 shows the average energy costs of all six buildings computed based on the 
consumption from September to November 2016.  

 

Table 6: Annual energy cost of current systems (ICS) 

 

 

 

 

 

 

 

Step 6: Energy cost of prototype DCS 
The required ice quantity for the TES was designed to be produced during the off-peak time due 
to low energy costs at that time. The unit costs of both industries were considered to calculate 
the energy cost of DCS. Furthermore, to justify the operational cost at different temperature set 
point combinations, as shown in Table 3, the operational cost of different set point 
combinations was used.  
 

Step 7: Cost comparison 
Table 7 shows the energy costs of both systems under three selected temperature differences.  
The results showed that average of 19% cost saving over three temperature conditions can be 
expected through DCS implementation. 

 

Table 7: Annual energy cost reduction through the implementation of DCS 

Annual energy cost (LKR) 

Temp Diff Cost of Current ICS Cost of proposed DCS Annual saving Saving 
percentage 

9oc 1,147,956,766 1,041,104,682.69 199,752,083.71 9.31% 
8 oc 1,147,956,766 925,426,384.62 315,430,381.78 19.38% 
7 oc 1,147,956,766 809,748,086.54 431,108,679.86 29.46% 

Apart from the energy costs, the operation of ICS causes significant complementary cash flows. 
They include cost of annual service contracts, breakdown repairs, cost of space allocation, cost 
of labour, which amounts to a large added operational cost for an individual ownership. Thus, 
the total cost of operation of the buildings considered for the developed DCS can be shown in 
Table 8.  

 

Case code 
Cost of avg. annual electricity 
consumption for ICS (LKR) 

B1      362,695,050.40  
B2        87,551,205.20  
B3      102,654,841.48  
B4        84,131,147.52  
B5      210,930,487.00  
B6      299,994,034.80  

Total Cost   1,147,956,766.40  
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Table 8: Total annual operational cost ICS of selected buildings 
 

Case 
code 

Ave. annual electricity 
consumption (LKR) 

Annual maintenance 
budget (LKR) 

Value of space 
consumed (LKR) 

Total operational cost 
(LKR)  

B1 362,695,050.40 5,000,000.00 37,200,000.00 404,895,050.40 

B2 87,551,205.20 3,750,000.00 2,500,000.00 93,801,205.20 

B3 102,654,841.48 6,500,000.00 3,500,000.00 112,654,841.48 

B4 84,131,147.52 1,850,000.00 2,000,000.00 87,981,147.52 

B5 210,930,487.00 3,850,000.00 10,000,000.00 224,780,487.00 

B6 299,994,034.80 3,250,000.00 13,500,000.00 316,744,034.80 

Total Annual Operational cost 1,240,856,766.40 

 

Case Study II 
 
The mega project for which a DCS was proposed is the on-going Colombo Financial City (CFC) 
project. The offshore land development is 578 acres in size and the project expects to add LKR 
3.5 million of rentable space to the real estate market of Sri Lanka making the city an “Asian 
centre of finance”. 
Table 9 portrays the energy impact and the potential reduction of cost from the implementation 
of the proposed DCS. 

 

Table 9: Potential operational cost efficiencies using TES to CFC 

Predicted number of m2 Annual Cost under ICS  Annual Cost under DCS  

278709.12 4,691,921,389 4,255,196,251 

325160.64 5,473,908,287 4,412,796,112 

371612.16 6,255,895,185 4,412,796,112 

Through the analysis, it was evident that the use of DCS in case study II can achieve large cost 
reductions and operational efficiencies in both operational and capital investments.  

Conclusions and Recommendations 
 
The construction industry in Sri Lanka can be identified as an area that is attracting international 
real estate companies. The introduction of DCS within its basic infrastructure facilities could 
boost the attraction in addition to boosting the value of the land available. However, the 
greatest market handicap faced by DCS is that it requires front-loaded investment.  
 
A prototype DCS was designed to analyse its economic viability. It showed that 19% cost savings 
can be achieved through the implementation of DCS into mega projects in Sri Lanka. 
Furthermore, the total operational cost of the ICS was calculated as LKR 1,240,856,766 which 
included annual maintenance costs and the space used for chillers. Thus, it can be 
recommended to implement DCS within mega projects in Sri Lanka. Furthermore, the 
government should initiate a process of partnering with the private sector to encourage the 
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infrastructure development of DCS. However, there is also a need to study how to set up a legal 
platform for such an implementation and to manage any affairs relating to the DCS.  
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