
 
 

TECHNO-ECONOMIC COMPARISON OF COLD 

STORAGE CONFIGURATIONS FOR SUMMER AIR 

CONDITIONING OF HIGH-RISE COMMERCIAL 

BUILDINGS  

 

 

 

Dapana Durage Uditha Milanka Hemarathne 

 

(208890R) 

 

 

 

Thesis/ Dissertation Submitted in Partial Fulfilment of the Requirements for the Master of 

Science in Building Services Engineering 

 

 

 

 

Department of Mechanical Engineering 

 

University of Moratuwa 

Sri Lanka 

 

 

September 2024



i 
 

DECLARATION OF THE CANDIDATE AND THE SUPERVISOR 

 

I declare that this is my own work and this thesis/dissertation does not incorporate without 

acknowledgement any material previously submitted for a Degree or Diploma in any other 

University or institute of higher learning and to the best of my knowledge and belief it does 

not contain any material previously published or written by another person except where 

the acknowledgement is made in the text. 

Also, I hereby grant to University of Moratuwa the non-exclusive right to reproduce and 

distribute my thesis/dissertation, in whole or in part in print, electronic or other medium. I 

retain the right to use this content in whole or part in future works (such as articles or books). 

 

 

 

Signature:                                                                     Date: 22/08/2024 

 

 

The supervisor/s should certify the thesis/dissertation with the following declaration. 

 

 

The above candidate has carried out research for the Masters/MPhil/PhD thesis/dissertation 

under my supervision. 

 

 

 

 

Signature of the supervisor:                                         Date:  

16/09/2024



ii 
 

ABSTRACT 

This research investigates the application of thermal energy storage (TES) systems for air 

conditioning in office buildings located in tropical climates with high cooling demands. 

While integrating cold storage systems with air conditioning offers benefits such as reduced 

peak demand electricity costs, the ability to leverage the electricity demand to get time-

based electricity tariff benefits, enhanced chiller plant efficiency, and improved condenser 

performance during nighttime operation, the adoption of TES technology remains limited. 

This is primarily due to the lack of comprehensive assessments and cost analysis related to 

local electricity tariff structures in various regions. 

The study provides guidelines and a decision-making tool for selecting the most suitable 

thermal energy storage (TES) system for buildings, with a focus on load-shifting strategies 

to off-peak hours. It includes a literature survey to explore the fundamentals and 

characteristics of thermal storage systems and media for air conditioning, review software 

tools for cooling load calculations and system simulations, and investigate cost analysis 

methods and applicable electricity tariff structures for high cooling demand buildings in 

tropical climates. Following this, the report presents a detailed examination of TES 

integration with chiller plants, assessing various configurations based on factors such as 

energy consumption, maximum demand variations, daily energy distribution, space 

requirements, and implementation costs. Among the four configurations assessed, 

including a conventional chiller plant, a chiller plants with TES for full capacity (full 

storage), and two configurations with partial TES for load leveling and demand limiting, 

the configuration 2-2, which uses TES for partial storage-load leveling, was found to be the 

most cost-effective. This configuration demonstrated substantial operational savings, 

reduced peak demand, and required minimal space. 

Payback periods for Configuration 2-2 varied by region: approximately 14 years under Sri 

Lanka’s July 2024 electricity tariffs, 3.28 years under Sri Lanka’s August 2022 tariffs, 1.49 

years under Singapore’s current tariffs, and 6.21 years under Kerala, India’s current tariffs. 

The extended payback period under Sri Lanka’s latest tariffs is attributed to the reduction 

of the differences among daytime, peak, and off-peak electricity rates. Despite this, 
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Configuration 2-2 remains financially favorable compared to other tariff structures 

evaluated. 

Keywords: Peak Energy Demand; Thermal Energy Storage; Cold Storage System; Air-

Conditioning; Building Cooling Load; Energy Efficiency; Office Building; Tropical 

Country 
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