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Abstract 
The built environment represents a significant proportion of UK carbon emissions which must be reduced if the 
UK is to meet its reduction commitments.  The National Grid is being de-carbonised and there is a long term 
benefit in moving peak consumption to be more evenly distributed over the 24-hour period.  Thermal energy 
storage systems can provide a significant contribution to these objectives.  Ice is a popular storage medium 
which has been poorly applied in the past resulting in redundant installations.  This paper discusses the 
technologies available and applies a solution to a large hotel development project in London. Thermal dynamic 
modelling is used to calculate the energy consumption and carbon emissions achieved by thermal energy 
storage, comparing it to a non-storage solution to identify the impact and benefits of storage systems. Capital 
and operational costs are evaluated and recommendations put forward for the future application of this 
important technology 
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1. Introduction 
The built environment is under immense pressure to reduce carbon emissions and energy use 
in buildings which account for 40% of UK carbon emissions [1]..The UK power network is 
proposing a switch to low carbon forms of energy which will be more successful if the peak 
demands on the grid can be smoothed out. Thermal storage systems can contribute to this 
strategy.  

Thermal ice storage systems have suffered from a poor reputation in the past due lack of 
understanding.  However some recent applications of thermal ice storage systems are proving 
more successful. This investigation evaluated and designed a thermal energy storage system 
using ice to meet the cooling demands for a large new hotel in London. Dynamic thermal 
modelling software (TAS) was used to assess the potential benefits of thermal storage and 
provide estimates of energy savings.  

2. Background 
In 400BC ancient Persians successfully stored ice for cooling purposes and in the 1700’s across 
Europe and America ice was harvested from mountains and stored in insulated tanks [2]. More 
recently various technologies utilising ice thermal storage have been developed in 
combination with refrigeration equipment where thermal storage works conjointly with 
HVAC systems. For the purposes of this study the main focus was on thermal storage for 
cooling using ice. 

More recent successful installations of thermal ice storage are at One Bryant Park in New York 
City (2009) which received LEED platinum certification and the Goldman Sachs building at 200 
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West in New York City. Ice storage can also be used in hot climates as shown in the design of 
the Burj Khalifa in the UAE. Furthermore, in Malaysia many electricity providers are 
increasingly recognising the potential of cold thermal energy storage, and offer special pricing 
structures as incentives to install these systems. Despite these recent successes there are still 
noticeable gaps in the existing knowledge, particularly the control of ice storage formation 
and discharge.  

3. What is thermal energy storage? 
Thermal energy storage (TES) is the term used to refer to energy storage that is based on a 
change in temperature [3] to meet heating and cooling demands of a building to lower the 
overall operational costs. These systems are designed to operate on a cyclical basis ideally 
daily, allowing a storage system to meet the same heating or cooling load as a conventional 
system over a given period using smaller capacity equipment (ASHRAE Handbook 2012). 
Thermal energy storage can either be passive or active, with active being characterised by 
forced convection heat transfer into a storage material.  

The main requirements of thermal energy storage systems are high energy density in the 
storage material and good heat transfer between the fluid and storage material. Thermal 
storage is an appropriate solution to meet building load if the loads are cyclical, charges for 
peak power demand are high and energy costs are time-dependent. The storage medium 
used for thermal energy must be readily available, environmentally friendly and incur low 
capital costs. Furthermore an ideal thermal storage medium should have high specific heat 
capacity, high heat of fusion and good heat transfer properties. Thermal energy storage can 
be either sensible or latent. 

Sensible heat is stored by changing the temperature of a storage medium and is expressed by 
the equation.  

𝑄𝑄 = 𝑚𝑚𝑚𝑚𝑚𝑚∆𝑇𝑇… … … … … … … …Equation 3-1 

where: 
Q= heat capacity, kW 
m=mass flow rate of storage medium, kg/s 
Cp= specific heat capacity of storage medium, kJ/kg.K 
∆𝑇𝑇 = temperature difference of storage medium, K 
 
Latent thermal energy storage uses the phase transition properties of a storage material, 
most commonly the solid-liquid phase change which involves melting and solidification of 
materials and is expressed by the equation: 

𝑄𝑄 = 𝑚𝑚∆𝐻𝐻… … … … … … … … … … … … ..Equation 3-2 
where: 
Q= heat capacity, kW 
m= mass flow rate of storage medium, kg/s 
∆𝐻𝐻 = phase change enthalpy, kJ/kg 
 
Typical latent storage systems include chilled-water storage where refrigeration equipment 
is used to create a tank of cold material (water being the most common medium with a 
freezing temperature of 0˚C and heat of fusion of 334.4 KJ/kg). For cool thermal energy 
storage, the energy is created and stored at night and used during periods of high energy 
demands (generally daytime) and peak cooling demand during summer months. 



Cool thermal energy storage can be either full storage or partial storage. Full storage shifts 
the entire peak cooling load to off peak hours and this type of system is primarily designed to 
operate on the hottest days at full capacity. For partial storage the chillers operate to meet 
part of the peak cooling load with the rest provided by energy from storage thus reducing the 
chiller size required to meet the peak cooling load. The most significant benefit of thermal 
energy storage is reducing peak electricity demand which achieves: reduced equipment size, 
capital cost savings, energy savings and improved HVAC operations.  

There is a variety of ice storage techniques currently used in building design, the most 
common  being internal-melt ice-on-coil. With this technique the thermal storage device 
circulates a secondary coolant through a heat exchanger immersed in a water tank. During 
the charging stage ice forms on the heat exchanger during the discharge stage the formed ice 
melts from the inside out. As the amount of water in this region increases, the coolant 
temperature increases thus increasing the coolant flow rate.  

4. Methodology 
In order to assess the cooling requirement of the building (consisting of eight floors including 
three basements) the fabric loads were obtained from EDSL TAS. These were combined with 
the internal cooling loads derived via an excel spreadsheet to determine the size of the chillers 
and ice charging and discharge capacities.  Using the excel spreadsheet was necessary as the 
software was not able to assess ice thermal storage directly as it is not equipped with this as 
an HVAC system choice. The model assumed 24 hour operation, with 2 people per room and 
the ballroom being in operation from 6pm-1am. Building construction elements data used for 
the TAS model were all as per Approved Document Part L2A [5] using a London weather file. 
All internal conditions and internal heat gains were derived from CIBSE Guide A and the client 
brief. 

 
Figure 4-1: View of dynamic thermal model 3D 

The water flow rates required to provide cooling for each zone in the building were calculated 
using the following equation: 

𝑚𝑚 = 𝑄𝑄
𝐶𝐶𝐶𝐶∗∆𝑇𝑇

… … … … … … … … … … … ….Equation 3-3 

Graphs were produced to show the cooling load patterns in the building throughout the year 
with the peak cooling demand being in August (Fig 4.2).  



 
Figure 4-2: Monthly Cooling Loads 

The capacity of the chillers was calculated assuming chillers generate 70% of the normal 
daytime cooling capacity; ice charging is between 11pm-7am which gives a daily total cooling 
load of 36,000kWh  

5. Data Analysis and Evaluation 
Chiller priority operation is a strategy that used the chiller(s) to directly meet as much of the 
load as possible with ice storage being used to supplement chillers operation when the load 
exceeds the chillers capacity [6]. Chillers arranged in series configuration were used as this 
method doesn’t require a change in flow during charging, with separate chillers for charging 
ice. The use of separate chillers increased the flexibility of the system in meeting the various 
building load conditions. For a. conventional system the full chiller capacity is 3000KW which 
reduced to 2000KW for the thermal ice storage system. 

Naturally water freezes at 0˚C, however as the fluid (water and ethylene glycol solution) 
temperature continues to fall the molecules of the fluid begin to lose energy and become 
more stagnant as they start to move slower. As these fluid molecules continue to lose energy 
and become motionless, the molecules become attached thus forming a thick block of ice [7]. 
Ice build-up in the tank is controlled either via time controller or through the use of ice 
thickness sensors which measure the difference in electrical conductivity  

The behaviour of ice formation and discharge during winter months is different to that of 
summer months; this is because the building’s cooling demand is significantly lower in winter.

 
Figure 5-2: Ice charging and discharging comparison for August and December 

0.00
5000.00

10000.00
15000.00
20000.00
25000.00
30000.00
35000.00
40000.00

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Co
ol

in
g 

Lo
ad

 k
W

Monthly  Single Day Cooling Loads

0

1000

2000

3000

1 2 3 4 5 6 7 8 9Ch
ar

gi
ng

 C
ap

ac
ity

 (K
W

)

Ice Charging Comparision for August 
and December

August Storage (KW)

DecemberStorage (KW)

0

500

1000

1500

2000

2500

3000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Di
sc

ha
rg

e 
Ca

pa
ci

ty
 (K

W
)

Ice discharge comparison August and 
December

August Storage (KW) December Storage (KW)



The maximum cooling demand for December is approximately 830KW and the maximum 
storage capacity is 2500KW. The higher the cooling demand, the lower the quantity of ice 
melted. In the UK electricity tariffs vary from region to region with off-peak tariffs being 
significantly cheaper than on peak tariffs (for London £0.07/kWh compared to £0.16kWh). 
The monthly electricity cost saving for August is £22,340with an annual cost saving is £95,846 
based on 2015 tariffs 

For a full cooling feasibility assessment using ice thermal storage, the conventional (non-
thermal storage) costs using chillers were weighed against those of using ice storage. The 
electrical cost for conventional cooling is £785,983 compared to ice storage which is 
£162,678. 

 
Figure 5-3: Operation cost comparison of non-storage versus ice thermal storage 

Operating costs for conventional cooling are significantly higher compared to the operating 
cost of cooling using thermal storage. When all other capital and maintenance costs are 
accounted for the total cost for conventional cooling is £991.768 and £542,687 for thermal 
storage and this equates to a cost saving of £449,090. Building’s carbon emissions are 
produced from the operation of the building through HVAC equipment, lighting and other 
factors. By implementing ice thermal storage the carbon emissions are reduced from 
74.3kgCO2/m2 to 12.6kgCO2/m2  

6. Conclusion 
For thermal ice storage the main key advantages are the reduced operational costs and 
carbon emissions. For buildings which incorporate thermal storage, the size of the chillers can 
be reduced. Partial storage allows the ice to be discharged gradually throughout the day to 
meet the chiller demand with the most ice used during peak cooling hours. However partial 
storage systems have a lower coefficient of performance compared to full storage, although 
to improve the CoP of partial storage configurations the chillers should be upstream of the 
storage tanks as this provides for higher operating temperatures. 

Additionally the ice formed for cooling depends on the chiller’s ice making capacity which 
ranges from 65-75% and governs the amount of ice made during off-peak hours. Chillers used 
for ice charging are separate to those used for cooling and this arrangement provides 
flexibility in meeting the significant loads. With the upstream configuration the chillers are in 
series which doesn’t require a change in flow during charging. A change in the velocity profile 
of the fluid would reduce the flow rate of the fluid which reduces the heat transfer rate and 
efficiency of the system. By implementing the ice storage as part of the building cooling 
system, the chillers capacity reduced from 3400KW to 2000KW. 
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The building’s carbon emissions are reduced as a result of thermal ice storage. By reducing 
anthropogenic carbon emissions produced as a result of buildings operation and maintenance 
helps prevent global warming effects. Thermal energy storage systems result in smaller 
(lower) capacity plant with low energy consumption thus reduced carbon emissions. 
Furthermore by shifting the load from on-peak to off-peak, over time the overall efficiency of 
national grid is improved as plant would operate at reduced capacities and to be able to take 
greater advantage of renewable energy sources. 

As shown in the results from this study the use of thermal storage technologies can help 
reduce peak demand resulting in smaller (lower capacity) plant with lower energy 
consumption. Thermal energy storage systems shift the electrical consumption from on-peak 
to off-peak time which helps improve the overall efficiency of the national grid by allowing 
generating plant to operate for longer periods at reduced capacities. 

7. Recommendations 
In the UK thermal ice storage is not widely used and it is assumed that this is due to lack of 
knowledge in the field. As shown in the result of this study thermal ice storage can reduce 
energy costs and carbon emissions if designed efficiently. Thermal ice storage needs to be 
recognised as a low carbon technology. By acknowledging thermal ice storage in this way 
more field study work would be conducted to encourage further development. 

One method of acknowledging thermal ice storage is for dynamic thermal modelling software 
used in the built environment to incorporate a thermal ice storage tool in the HVAC system 
options. This would help engineers assess energy consumption and carbon emissions at early 
design stages and compare the thermal ice storage results with other renewable energy 
systems. In order to measure the effectiveness of thermal ice storage post occupancy 
evaluations should be undertaken to assess any performance gap in the operational buildings. 
Based on more reliable data, consumers would be able to put pressure on energy suppliers 
to further reduce their off-peak tariffs to encourage the wider adoption of thermal storage 
systems 

References 
1. Carbon Trust Publications – Energy efficiency in non-domestic buildings: (London) (2013) 
2. L. Hyman – Sustainable Thermal Storage Systems :planning, design and operations – 

McGraw-Hill (New York: United States of America) (2011) p15 
3. Habeebullah.B.A. – Economic feasibility of thermal storage systems (Saudi Arabia) (2006) 

p355-362 
4. ASHRAE Handbook –HVAC Systems and Equipment – (Atlanta, GA, American Society of 

Heating, Refrigeration and Air-Conditioning Engineers) (2012) Chapter 51:Thermal 
Storage 

5. L.Cabeza- Advances in Thermal Energy Storage Systems: Methods and Applications –
Woodhead Publishing (Cambridge, England) (2015) p190  

6. Cengel.Y.A. and Boles. M.A – Thermodynamics –An Engineering Approach 3rd Edition: 
McGraw-Hill (USA) (1998) 

7. Groundwater cooling systems CIBSE TM45 : (London, Chartered Institute of Building 
Services Engineers) (2008 


	MC16_1010_Papasifaki.pdf
	1. Introduction
	2. Methodology
	2.1 Case Study Building
	2.2 Multi-Objective Optimisation (MOO) Analysis
	2.2.1 Modelling Tools and Optimisation Parameters
	2.2.2 Retrofit Variables and Objective functions

	2.3 Future Weather Files
	2.4 Pareto Fronts
	2.5 Near Optimum Solutions

	3. Conclusions
	4. References

	MC16_1220_Lazaridou.pdf
	1. Introduction
	1.1 Weather and solar radiation data in Athens, Dublin and Casablanca

	2. Research method
	3. Results
	4. Conclusions
	5. References
	ASHRAE, 2005. Handbook of Fundamentals. Atlanta: ASHRAE.

	MC16_1230_Nariswari.pdf
	1. Introduction
	2. Thermal Comfort and Productivity
	3. Study Design
	4. Results
	5. Conclusion
	References

	MC16_1240_Leung.pdf
	Design Testing: CPVT for High-Rise Residential Buildings
	Chi Lam Leung
	Sustainable Building – Performance and Design, Oxford Brookes University, UK, info@lampsonleung.com
	Abstract
	Global concern about electrical consumption and environmental sustainability inspired the application of solar energy in buildings. As expected, more than 60% of the world’s population will live in urban areas in 2030. Residential buildings are being ...
	Keywords: Solar, CPVT, High-rise, Residential, Building
	1.  Introduction

	MC16_1250_Mwashita.pdf
	References

	MC16_1400_Chen.pdf
	1. Introduction
	2. Methodology
	2.1 Case study
	2.2 Weather data
	2.3 PHPP simulation
	2.4 ENVI-met and DesignBuilder simulations
	2.5 Overheating mitigation approaches

	3. Results and discussion
	3.1 PHPP results
	3.2 DesignBuilder (DB) results
	3.3 Overheating mitigation approaches

	4. Conclusion
	5. References

	MC16_1410_Doughmi.pdf
	1. Introduction
	1.1 History

	2. What influenced the development of Climate Adaptive Façades (CAF)?
	2.1 Double Skin Façade
	2.2 Biomimicry

	3. Case Study Analysis and Practitioners’ Perspectives
	3.1 Al Bahr Towers
	3.1.1 The Façade

	3.2 Council House 2
	3.2.1 The Council House 2 Façade

	3.3 Figure 5 The west façade of CH2                                  Figure 6 Kiefer Technic Showroom Kinetic facade
	3.4 Kiefer Technic Showroom
	3.4.1 The Façade


	4. Conclusion
	5. References

	MC16_1420_Indarti.pdf
	1. Introduction
	2. Building Profile
	3. Daylight Performance
	4. Natural Ventilation
	5. Thermal Performance
	6. Conclusions
	7. Bibliography

	MC16_1430_Ahmed.pdf
	1. Introduction
	1.1 Volatile organic compounds

	2. Method
	3. Results
	3.1 Background
	3.2 Crown Paint
	3.3 Nutshell Paint

	4. Discussion
	5. Conclusion
	6. References

	MC16_1450_Angelopolus.pdf
	1. Introduction
	2. Methodology
	2.1 Ventilation Strategies
	2.2 Evaluation Criteria

	3. Results, Analysis and Discussion
	4. Conclusions
	5. References

	MC16_1530_Ademakinwa.pdf
	1. INTRODUCTION
	2. CASE STUDY AND SEASONAL ENVIRONMENTAL STRATEGIES
	2.1 Engineering and Science Learning Centre
	2.2 Selected Studied Rooms
	2.3 Building Environmental Strategies

	3. ON-SITE MONITORING
	3.1 Daylight Performance Evaluation
	3.2 Thermal Performance Evaluation

	4. PERFORMANCE PREDICTIONS
	4.1 Daylight predictions

	5. PERFORMANCES IMPROVEMENTS
	5.1 Daylight and Thermal and Air quality
	5.2 Results and Discussion
	6. Conclusion
	7. References


	MC16_1540_Lee.pdf
	1. Introduction
	2. Methodology
	2.1 Case study summary: 1930’s mid-terraced house
	2.2 Energy consumption
	2.3 Condensation and Mould growth risks
	2.4 Embodied Energy (EE) and Carbon (EC)

	3. Results and Discussion
	3.1 Energy saving (Heating energy and Embodied Energy)
	3.2 Condensation and Mould growth risk results

	4. Optimisation and Conclusion
	5. References

	MC16_1550_Puchol-Salort.pdf
	1. Introduction
	1.1 Research Topic

	2. Context
	2.1 Urban Context. El Verger Historic Urban Growth
	2.2 Urban Context. Present
	2.3 Climate Analysis

	3. Analytic Work
	3.1 Urban Scale
	3.2 Building Scale

	4. Conclusion
	5.  References

	MC16_1610_Enos.pdf
	1. Introduction
	1.1 Area of focus – River and tenement settlements
	1.2 Hypotheses

	2. Climate
	3. Scope of work
	4. Analytical work – existing fabric
	5. Site strategies
	6. Propositions – existing streetscape
	7. Conclusions
	8. Selected references




