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Energy Potential of Phase Change 

Sensible heat - 4.2 J/g/°C 

MELTING / FREEZING WATER ICE 

Sensible heat - 2.1 J/g/°C Latent heat - 334  J/g 

125g of ice will cool down 1L of water by 10°C 

Qwater = 4.2 J/g°C  x  1000g x 10 °C = 42000 J 

QLatent= 334 J/g x 125g = 41750 J 

PCM Classification 

PCM 

Organics 
1 /170 °C 

Inorganic Eutectics 

Paraffin 

Plant Oil 

Salt Hydrates 
7/120 °C  

Inorganic 
-50 /0 °C 

Solid-Liquid 

Organic 

Solid-Solid 
25/180°C 

Inorganic Polymer 

Salts 
90/900 °C  

Organic 
-100 /-20 °C  



ORGANICS: 

Advantages: 
• Stable
• Encapsulation
• Energy dense

Disadvantages: 
• Expensive
• Flammable
• Thermal conductivity

SALT HYDRATES: 

Advantages: 
• Cost
• Sustainable

Disadvantages: 
• Corrosive (plastic & metals)
• Thermal conductivity
• Segregation

PCM Properties 

Intelligent thermal mass 

Easy to retrofit, intelligent thermal mass

Dissipates heat built up

 Melt / Freeze 
1Kg of PCM 

Heat / Cool 
200Kg of Concrete by 1°C 



Passive thermal mass products 

Limiting factors: 

Achievable Heat Transfer Rates

Internal Surface Area

Temperature difference

TIME

Control Strategy

Building Fabric
Heat transfer 

direction
hc 

[W/m2K]
Walls Horizontal 2.5

Ceilings Upward 5
Floor Downward 0.7

Product Summary



Air Handling Unit (AHU) Supply 
Duct 

Ventilation and Storage Concept 

Thermal Battery Module 

How it works - CP Delta (2011-2012) 



How it works - CP Nova (Current) 

Re-circulated Air 

PCM Heat Exchanger 

Direct Ventilation 

Direct Ventilation 

PCM Heat Exchanger 

Ceiling Void Installation 



Performance criteria 

Delta Unit (2011-2012): 

Normal ventilation rate – 100 to 250 l/s
Maximum ventilation rate - 350 l/s
Typical energy usage – 30W to 120W
Thermal energy storage - 8 KWh

Night time cooling 
(building + flush) 

Free cooling 
(ventilation) 

Thermal batteries 
(energy stored) 

Total 
Cooling 

Nova Unit (Current): 

Normal ventilation rate – 100 to 260 l/s
Maximum ventilation rate - 320 l/s
Typical energy usage – 7W to 80W
Thermal energy storage – 6, 8, 10 KWh

CP Operation Schedule (CIBSE Admittance Model) 



Testing & Modelling 

EBMpapst – AHU Independent tests 



Heat Transfer Modelling 

 
 

PCM Panel 

PCM characteristics (SP22A17)

3.2 kWh 

4.0 kWh 

3.5 kWh 

4.5 kWh 



PCM characteristics 

TB Performance Testing – Full Scale 

TB cooled to 15°C at night and exposed to constant temperature of 28°C



TB Performance Testing – Full Scale 

Measurement Setup
Controlled airflow and supply air temperature (15°C-28°C)

Temperature sensors upstream and downstream of the TB
Surface temperature measured on 6 panels (front & back edges)p ( g )p

TB Performance Testing – Full Scale 



TB Performance Testing – Full Scale 

Delivered performance of 1 battery module (15°C - 26°C temperature range) 

TB Charging model (Excel tool) 

  TB night charging (01:00 – 06:00; 5h) (warm night London):  

AHU: Charging Mode 
Fan speed: 50% (288 L/s) 
Flow rate: 144 L/s /TB 
 
PCM temperature: 25°C  18°C 
Thermal Energy: 3015 Wh 
 
Thermal Power:  

Start: 952 W 
End: 340 W 
Average: 603 W over 5h 
 

Power Consumption:  
 5h x 87.3W = 436.5 Wh 

 



TB Discharge Model (Excel Tool) 

TB discharge (11:00 – 17:30; 6.5h) (hot day London)

AHU: Cooling Mode
Fan speed: 42% (230 L/s)
Flow rate: 115 L/s /TB

PCM temperature: 18°C  25°C
Thermal Energy: -3127 Wh

Thermal Power:
Start: -563 W
End: -392 W
Average: -481 W over 6.5h

Power Consumption:
 6.5h x 57.9W =  376.4 Wh 

EER=(2x3127)/813=7.7

TB Performance Testing vs Model 



IES Implementation 

Temperature profile and frequency  

Weather analysis (Excel tool) 



TB Discharge Profile (IES) 

Fresh Air mode 

Thermal Power:
Start: -713 W (IES input)
Thermal Profile 0-100%

IES Component Tool 



IES Integration – as ApacheHVAC 

Case Study 

Notre Dame School Building (London) 



Case study – Notre Dame School Building (London) 

Case study – Notre Dame School Building (London) 



Case study – Notre Dame School Building (London) 

Hybrid operation with VRF 



Hybrid operation with VRF 

Hybrid operation with VRF 




