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Location: Ofcomôs Head Office is situated on the south 

bank of the River Thames, London 
Direction of meeting rooms:  North Facing  
 

Room Area:  35m2 
Of area, % of RACUS ® installed:  20% 
Energy Saving:  97% 
Heat Gain Source:  Solar, Occupant, Lighting, Equipment, 

HVAC 

  
As part of a demonstrator project for facility management 

company MITIE, the RACUS® ceiling tile was installed into 

the existing ceiling tiles of one of the meeting rooms at 

Ofcomôs London Head Office. The performance of RACUS® 

was to be monitored and compared to an adjacent meeting 

room that was both identical in size and layout and that used 

conventional fan coil units to manage the room temperature. 

 
In both meeting rooms, MITIE installed room three 

temperature loggers. One was to monitor room temperature 

and two were installed on each of the FCU outlet grilles. 

These would monitor when the FCU was providing heating 

or cooling to the room. The number of occupants of each 

room and period of use was also monitored.  

 
Monitoring was carried out over a 45 day period, the results 

of which concluded a 97% reduction in the use of the fan 

coil unit in the room with RACUS®.  
 

 Room 
without 
RACUS® 

Room with 
RACUS® 

HVAC Operational Time (Hrs) 257.67 7.01 

Total Energy Used (kWh) 3092.04 84.12 

Carbon Emissions Calculated 
(kgCO2) 

1301.84 35.50 

£ Savings per Annum £1,522.34 

kgCO2 Savings per Annum 7.052 
Tonnes 

Payback Period 2.92 Years 
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Time (hh:mm:ss) Room without RACUS® Room with RACUS® 

26ÁC 

21.67ÁC 

4.33°C  
Difference 

Time  
With 

RACUS® 

Without 
RACUS® 

09:00:00 22.67 23 

09:30:00 22.67 23 

10:00:00 22.67 23 

10:30:00 22.67 23.33 

11:00:00 22.67 24.67 

11:30:00 22.67 25.67 

12:00:00 22.67 25.67 

12:30:00 22.33 25.33 

13:00:00 22.33 25 

13:30:00 22.33 25 

14:00:00 22.33 24.67 

14:30:00 22 25.33 

15:00:00 22 25.33 

15:30:00 22 25.67 

15:45:00 21.67 26 

16:00:00 22 26 

16:30:00 22 25 

17:00:00 22 24.67 





Location: 3 Whitehall Place, London. 
Direction of consultation room: South Facing  
 

Room Area: 12.35m2 
Of area, % of RACUS® installed: to be installed 26% 
Energy Saving: Not currently available 
Heat Gain Source: Occupant, Lighting, Equipment, HVAC 
  
  
In February 2010, the TSB launched Energy Efficient 

Whitehall, a £2.75m SBRI initiative looking to improve the 

energy efficiency of buildings in Whitehall. The competition 

aims to demonstrate innovative retrofit solutions that reduce 

demand for energy and cut carbon dioxide emissions. Four 

government office buildings have been selected for 

demonstrator projects: 
  
• Department for Business, Innovation and Skills (BIS), 

•  Department of Energy and Climate Change (DECC) 
•  Department for Communities and Local Government (CLG) 
•  Foreign and Commonwealth Office (FCO) 
  
The competition consists of three stages ï the initial 

application of interest with overview of proposal; phase 1 

detail of proposal of demonstrator area including site visit and 

interview by selected panel. Finally phase 2 in which the 

proposal will be funded by government, installed and 

monitored. 
  

Of the 125 initial applications, 20 companies were selected to 

prepare a detailed phase 1 proposal based on their choice of the 

four buildings. Of these 20 companies, the RACUS® ceiling tile was 

included into two successful submissions 

 

One of these submissions was Willmott Dixon, with whom we have 

been working to prepare the end of phase report for consideration 

into the phase 2 demonstrator. The building selected by Willmott 

Dixon was the DECC building, a 1950ôs stone clad building which 

was completely rebuilt internally. 
Apart from its listed status, in its size and services, 3 Whitehall 

Place is more typical of modern government and commercial 

offices. 



As part of the phase 1 proposal, a site visit was carried out and 

areas selected on which the demonstrator will be based.  The 

areas selected were two meeting rooms in the core of the building, 

both of which are serviced by 4-pipe fan coil units with primary 

tempered fresh air supplied to the units. Both rooms face onto the 

central glass atrium and are of the same size and construction, 

which is a combination of drywall and glazed partitions.   

Using data compiled from the 

site visit and information 

supplied by DECC, a dynamic 

computer simulated model has 

been carried out by the Institute 

of Energy and Sustainable 

Development at De Montfort 

University to predict the room 

cooling loads and thermal 

behaviour of each room. One of 

which will be the control room, 

the other with the RACUS® 

ceiling tile installed. 

Ceiling Type 
Zone Annual 

Cooling Energy 
(kWh) 

Normalised 
Annual Cooling 

Energy 
(kWh/m2) 

Zone Annual 
Carbon 

Emissions 
(kgCO2) 

Normalised 
Carbon 

Emissions 
(kgCO2/m2) 

Conventional 3177 128.6 1706 69.1 

RACUS® 1441 58.4 774 32.35 

Carbon Savings 932 37.7 

Percentage Saving 55% 

By replacing 60% of the existing ceiling tiles with RACUS® tiles, 

it is predicted that energy savings of 55% will be achieved on 

current cooling demand of the fan coil unit.  



















Location:  Great Ormond Street Hospital is located in the 

West End of London. 
Direction of consultation room:  South West Facing  

 
Room Area:  13.5m2 
Of area, % of RACUS ® installed:  32% 
Energy Saving:  Monitoring currently in progress 
Heat Gain Source:  Solar, Occupant, Lighting, Equipment 
  
In August 2010, the RACUS® ceiling tile was installed into 

one of Great Ormond Street Hospitalôs consultation rooms 

due to a serious problem of overheating. The room, which is 

located on the lower ground level, is not serviced by any 

HVAC systems and relies on only natural ventilation from the 

window and partial protection from solar gains by a window 

canopy. Roller blinds have also been installed. Despite these 

measures, the internal room temperatures have been 

reported between 30°C - 36°C.  
  
Prior to the installation of the RACUS®  ceiling tiles, Facilities 

Management company MITIE installed room temperature 

monitors in both the consultation room in which RACUS® 

was to be installed and also an adjacent and identical size 

consultation room, in order to capture baseline temperatures 

against which the performance of the RACUS® tiles will be 

compared.  
  
The existing suspended ceiling within the consultation room 

amounted to 64% of the total ceiling area. Of the total area, 

32% of the existing tiles were replaced with RACUS® ceiling 

tiles. The 600mm x 600mm, 25mm deep RACUS® ceiling 

tiles were pre-treated with an anti-microbial finish and 

additional suspension hangers were also installed. 

 
 



Time  
Room with 

RACUS® 

Room 
without 
RACUS® 

09:00:00 21.33 21.67 

09:30:00 21.33 21.67 

10:00:00 21.67 21.67 

10:30:00 21.67 22 

11:00:00 21.67 22.33 

11:30:00 22 23 

12:00:00 22 24 

12:30:00 22.33 24.67 

13:00:00 22.33 25 

13:30:00 22.67 25.33 

14:00:00 23 26 

14:30:00 23 26.5 

15:00:00 23 26.5 

15:30:00 23.33 27 

16:00:00 23.33 27 

16:30:00 23.67 26 

17:00:00 23.67 25.33 
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Thermal Chamber Testing &  
Infrared Thermal Imaging 

Conducted at Brunel University, 
London 



 

THERMAL CHAMBER TESTS  
FOR DATUM® CEILING TILES  

SAMPLE 73 
(8/06/2010) 

 
 
 
 
 
 
 
 
 
Prepared by:  Oyeleke A. James 
Supervisor: Dr Zahir Dehouche 
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1. Equipment and Materials 

Table 2 

EQUIPMENT DESCRIPTION 

Climate chamber Typical summer temperatures of 25°C and 17°C 
at night were maintained in the climate chamber 
with humidity left as ambient. Humidity didn’t 
vary much and were similar for subsequent day 
and night experiments 

Test cell See the structure of the test cell in the diagram 1 
below. 

Type K thermocouples These are installed in various points in and out of 
the test cell. The position, tag and description of 
each thermocouple is given in the following 
diagrams and table 

8-port data loggers 
 
 

These provided logging at 1minute intervals 

Globe thermometer This contains a type K thermocouple at the 
centre of a 101.6mm diameter black copper 
sphere to measure the mean radiant 
temperature as described by EN ISO 7726. This is 
another indicator of thermal comfort and 
sometimes considered better than ordinary air 
temperature. 

Heat flux sensors These are installed on opposite surface of the 
tiles during the experiment. Data from these 
sensors gave the experimental heat transfer 
coefficients and their variation under the 
different conditions simulated. 

Speed Controller The fan and test cell has been calibrated to 
deliver a maximum ventilation flow rate of 
14.9l/s at normal voltage and 11.7l/s at 130V. 
This was used in changing the flow rates 
between these two values 

Electric Heater The Heater provides 150W of cooling load 

Intake & Outlet guard A zero ventilation scenario was tested using this 
guards to block the vents 

Fan The fan was installed in the outlet vent above 
the ceiling grid to draw air over the tiles from the 
inlet. I believe this is a possible way of 
discharging these tiles in real building 
applications when the heat is not needed. 

Differential Scanning Calorimeter Brand: TS instruments 

 

3. 
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1. Experimental Procedure 

 Climate Chamber Tests 

Table 3 

Date & 
Time 

Run Start Time 
& Date 

Stop Time 
& Date 

Climate 
Chamber 
Set point 

Ventilation 
Rate 

Heating 
(W) 

Relative 
humidity 

7/6/2010, 
17:00hrs 

16hrs 
Initial 
Discharge 

17:00hrs, 
7/6/2010 
 

9:00hrs, 
8/6/2010 

17°C High 0 51 

8/6/2010, 
9:00hrs 

8hrs 
Charge 

9:00hrs, 
8/6/2010 

17:00hrs, 
8/6/2010 

25°C Zero 150 69.31 

8/6/2010, 
17:00hrs 

16hrs 
Discharge 

17:00hrs, 
8/6/2010 

9:00hrs, 
9/6/2010 

17°C High 0 51.52 

9/6/2010, 
9:00hrs 

8hrs 
Charge 

9:00hrs, 
9/6/2010 

17:00hrs, 
9/6/2010 

25°C Low 150 68.92 

9/6/2010, 
17:00hrs 

16hrs, 
Discharge 

17:00hrs, 
9/6/2010 

9:00hrs, 
10/6/2010 

17°C High 0 51.39 

10/6/2010, 
9:00hrs 

8hrs 
Charge 

9:00hrs, 
10/6/2010 

17:00hrs, 
10/6/2010 

25°C Low 150 71.9 
 

10/6/2010, 
17:00hrs 

16hrs, 
Discharge 

17:00hrs, 
10/6/2010 

9:00hrs, 
11/6/2010 

17°C Low 0 54.12 

11/6/2010, 
9:00hrs 

Test End      69.95 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wall 1 Wall 3 

Wall 4 

Wall 2 

Ceiling Tiles 

Fan Outlet 

Fan Inlet 

1800mm 

1600mm 

1700mm 

LAYOUT OF TEST CELL AND THERMOCOUPLE POSITIONS 

Diagram  1 

4. 
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Diagram  3 

Diagram  2 
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Wall 3 (Outside) 

AI 

Wall 4 (Outside) 

OA1 

Ceiling cross-section 

CS1 CS2 CS3 

AHL R3 AHLR2 

AHL 3 

TILE 4 

TILE 3 TILE 1 

TILE 2 

AHL 

ALL 

AHL 2 
BB 

WALL 2 WALL 3 

T

I

L
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VOID 

WALL 

CEILING 

HEAT FLUX 
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Diagram  4 

Digram 5 

Digram 6 
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Table 4: Thermocouples 

name meaning   Inside/Ouside 

EW1 External wall 1 (wood) Outside 

EW2 External wall 2 (wood) Outside 

WB Wall Bottom (plasterboard) Inside 

WM Wall Middle (plasterboard) Inside 

WT Wall Top (plasterboard) Inside 

CS1 Ceiling Surface 1 (plasterboard) Inside 

CS2 Ceiling Surface 2 (plasterboard) Inside 

CS3 Ceiling Surface 3 (plasterboard) Inside 

AI Air Inlet Inside 

AO Air Outlet Inside 

BB Black Ball Inside 

AHL Air High Level Inside 

ALL Air Low Level Inside 

OA1 Outside Air 1 Outside 

OA2 Outside Air 2 Outside 

OA3 Outside Air 3 Outside 

AHL2 Air High Level 2 Inside 

AHL3 Air High level 3 Inside 

AHL R2 Air High Level Recessed 2 Inside 

AHL R3 Air High Level Recessed 3 Inside 

CEILING Heat Flux Sensor on PCM Surface Inside 

WALL Heat Flux Sensor on Tile Surface Inside 

Tile 1 Tile Middle Corner Inside 

Tile 2 Tile Surface Centre Inside 

Tile 3 Tile Middle centre Inside 

Tile 4 PCM Surface Centre Inside 

 



8 I Page 

DSC Analysis 

Three samples from each of the two tiles where tested, one from the centre and two from the 

extreme edges of each on opposite sides to eliminate any error that could be introduced by varying 

concentration of the PCM within the composite.  The initial test runs were done at a slow ramp rate 

of 2°C/min but subsequent ones were sped up to 4°C/min and isothermal times to 3min. Results 

from the two ramp rates exhibited similar behaviours. The test run is as follows: 

¶ Equilibrate at 20°C 

¶ Ramp at 2°C/min to 40°C 

¶ End of cycle 1 

¶ Isothermal for 5mins 

¶ Ramp at 2°C/min to -20°C 

¶ End of cycle 2 

¶ Isothermal for 5min 

¶ Ramp at 2°C/min to 40°C 

¶ End of cycle 3 

¶ Isothermal for 5mins 

¶ Ramp at 2°C/min to -20°C 

¶ End of cycle 4 

¶ Isothermal for 5min 

¶ End of run 
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1. Results 

The graphs below show the air temperature variation with and without the tiles for both samples in 

the test cell experiment. 

Sample 74 

Diagram 6 

The two thermocouples AHL2 and AHL3 recorded similar values as they were at the same level, just 

spaced apart to eliminate any effect the heater might have by being directly below either 

thermocouples. In zero ventilation condition the tiles containing PCM composite sample 74 

maintained air temperatures which peaked at just above 26°C after an 8hour period. Compared to 

the temperature profile of an ordinary test cell without the tiles, between 2°C and 7°C difference 

was observed. The other graphs below shows the variation during the other two conditions tested.  

5. 
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Diagram 7 

Diagram 8 
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Sample 73 

Diagram 9 

Diagram 10 
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DSC ANALYSIS 

Diagram 11 
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Diagram 12 
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Diagram 13 

The DSC thermal analysis is presented for the range -20°C to 40°C.  The graphs above give the results 

of the three DSC runs on sample 73. Average melting temperature, freezing temperature and latent 

heats are given in the table 5 below. 

Table 5: Sample 73 Thermal Properties 

  

Melting 

Temperature 

(°C) 

Freezing 

Temperature (°C) 

Latent Heat of 

Melting (J/g) 

Latent Heat of 

Freezing (J/g) 

1st RUN 22.29 23.35 51.98 56.89 

2nd RUN 22.09 23.26 59.08 58.86 

 3rd RUN 22.1 23.23 58.48 60.38 

Average 22.16 23.28 56.5133333 58.71 
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Sample 74 

Diagram 14 
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Diagram 15 



17 I Page 

Diagram 16 

Average melting temperature, freezing temperature and latent heats are given in the table 6 below. 

Table 6: sample 74 Thermal Properties 

To determine the percentage of microencapsulated PCM in the different samples, additional DSC 

runs were performed on the Micro-encapsulated PCM. The results are presented in Diagram 17, 18 

and Table 7 below 

  

Melting 

Temperature 

(°C) 

Freezing 

Temperature (°C) 

Latent Heat of Melting 

(J/g) 

Latent Heat of 

Freezing (J/g) 

1st RUN 22 23.32 89.71 95.84 

2nd RUN 22.05 23.27 83.63 86.12 

 3rd RUN 21.95 23.23 86.87 90.67 

Average 22 23.27333333 86.7366667 90.87667 
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Diagram 18 
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Diagram 19 

Both DSC runs on the Micro-encapsulated PCM revealed the thermal properties as follows; 

Melting temperature of 22°C  

Freezing temperature of 23.24°C 

Latent heat of melting of 122.2 J/g 

Latent heat of freezing of 124 J/g 

Table 7: Latent heat comparison 

Latent heat of 

Melting J/g 

Latent Heat of 

Freezing J/g 
% PCM constituent 

Micro-encapsulated PCM 122.2 124 100 

sample 73 56.51 58.71 48 

sample 74 86.74 90.87 72 
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1. Conclusion 

From the experimental results, the PCM composite tested has an important potential of thermal 

energy storage in ceiling tiles, especially when the possibility to incorporate much more PCM in the 

material exists as reflected by the higher latent heat exhibited by sample 74; it contains a higher 

percentage of PCM. 

6. 



































Thermal Cycle Analysis & 
Biodegradability Testing 

THERMAL CYCLE ANALYSIS  

 

The bio-based phase change material 

used in the RACUS® ceiling tile and 

F.E.SðBoard® products has been tested 

to over 45,000 thermal cycles without loss 

of performance. 

 

This equates to a life time performance of 

over 122 years so therefore would 

continue to work for the life of the building. 

BIODEGRADABILITY TESTING  

 

When organic material degrades under 

aerobic conditions CO2 is released. The 

theoretical amount of CO2 is calculated 

and the amount of CO2 that is emitted 

under aerobic conditions by 

microorganisms is measured. The emitted 

amount of CO2 is proportional to the 

biodegradability. 

 

Under aerobic conditions the bio-based 

phase change materials achieved 

biodegradability test results of within 12 

months compared to alternative 

petroleum/paraffin wax based pcms which 

take over 100 years. 
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