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Case Study
Ofcom Head Office, London

Location. Of comdés Head Office is
bank of the River Thames, London
Direction of meeting rooms:  North Facing

Room Area: 35m2

Of area, % of RACUS e 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 RACUSe ceiling tile was installed into
the existing ceiling tiles of one of the meeting rooms at
Of c o moddon Head Office. The performance of RACUSe
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 RACUSe.

Room Room with
without RACUS®
RACUS®
HVAC Operational Time (Hrs) 257.67 7.01
Total Energy Used (kWh) 3092.04 84.12
Carbon Emissions Calculated 1301.84 35.50
(kgC0O2)
kgCO2 Savings per Annum 7.052
Tonnes

Payback Period 2.92 Years




Case Study
Ofcom Head Office, London OPC()m
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Time (hh:mm:ss) Room without RACUS® Room with RACUS®

With Without

TIMme  pACUS®  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

26/C

21.67/C
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Riverside House, 2a Southwark Bridge Road, London SE1 9HA
Date: 13" April 2010

Report on findings from RACUS ceiling trial — 1*' Floor Meeting Rooms

Overview

MITIE were granted permission to install RACUS infill compound into meeting room 1.05 for a trial
period. It was agreed that MITIE would monitor the temperatures within the room and evaluate
the benefits of installing the panels in other meeting rooms on the floor.

Installation Overview

The compound is a phase change material which adds to the thermal properties of the current
ceiling tile. As the temperature in the room rises the crystalline compound absorbs additional
heat, thus removing the need to provide comfert cooling up to 23° C. The additional heat is
retained within the material and when the ambient temperature drops below 19" C in the room it
is able to discharge this stored heat. In effect the panels can maintain a consistent ambient
temperature with little, or no, mechanical intervention.

Results

Temperature data loggers were installed in the return air ducts within meeting rooms 1.03 and
1.06. The Fan Coil Unit (FCU) was also switched off in meeting room 1.05 to show the products
true potential.

The trial began on 8" February 2010 and data was recorded in 5 minute intervals and it was
accepted that if the temperature difference between the supply temperature and the return air
temperature exceeded 2°C the FCU was taken to be operating in heating mode.

After a 45 working day period, analysis of the data showed that the room with the panels
installed required the FCU to run for a total of 7.01 hours compared with 257.67 hours in the
room where the panels were not installed. As shown in the table below, this equates to an
estimated annual saving of £1522.34 and 7.052 Tonnes of CO? per room.

Therefore, with the ceilings installed in 7 rooms this would equate to an estimated annual saving
of £10,656.39 and 49 Tonnes of CO. This would offer an estimated payback period of 2.92 years.
This saving would be wholly realised by Ofcom as there are no shared savings under the terms of
the new contract.

Room 1.08 |[Room 1.05 |percentage
Feb26 FCU A 12kw 32.00 0.00 0.00%
Feb28 FCU B 12kw 47.17 3.67 7.78%
Apr 8 FCU A 12kKW 133.00 1.67 1.26%
Apr 8 FCU B 12kW 45.50 1.67 3.67%
Hours 257.67 7.01 2.72%
Total kWh 3092.04 84.12
kg of CO2 1304.84 35.50
Estimated cost to run £281.68 £7.66

£ Kg of CO2| COzt

Estimated savings per working day £6.09 28.208| 0.028
Per month 20 days £121.79 564.15| 0.564
per annum 250 days £1,522.34] 7.051.80] 7.052
Cost of project £31,083.08
Estimated savings (7 rooms) £10,656.39
Payback period 2.92|years
By Chris Jewell Report on findings from RACLUS ceiling trial

13/04/2010




Case Study
Department for Energy & Climate
Change (DECC), London

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:

e 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 1 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 19506 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.

DEPARTMENT OF

ENERGY




Case Study

Department for Energy & Climate

Change (DECC), London

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.

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.

Zone Annual

Ceiling Type Cooling Energy
(kwh)

Conventional 3177

RACUS® 1441

Normalised
Annual Cooling
Energy
(kWh/m2)

128.6

58.4
Carbon Savings

Percentage Saving
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ENERGY EFFICIENT WHITEHALL: SIMULATION OF PHASE
CHANGE CEILING PERFORMANCE

Simon Rees

Institute of Energy and Sustainable Development

July 2010

EXECUTIVE SUMMARY

The operation of meeting rooms 3.02/4.02 of the DECC building, 3-8a Whitehall Place, have been analysed both
with and without the RACUS® phase change ceiling system. Computer energy simulation has been carried out for
one internal meeting room using the EnergyPlus software and its phase change construction model. The results
show that, although room air temperatures vary more widely where the phase change ceiling tiles are installed,
room surface temperatures are stable and thermal comfort may be improved. Room sensible cooling loads are
generally reduced, particularly in early periods of the day. Satisfactory performance requires adequate free cooling
and it is apparent that it will be important, in the second phase of the proposed project, to tune the system
controls to ensure adequate room temperature swing and ensure discharge of the ceiling latent heat. Energy and
carbon emission savings have been estimated based on predicted room cooling demands and were found to be of
the order of 55% (a saving of 932 kgCO; /yr for the rooms studied).

INTRODUCTION

This study has been undertaken during phase 1 of the ‘Energy Efficient Whitehall’ research project concerned with
retrofit application of the RACUS ® phase change ceiling system. This study has been commissioned by consortia
member Datum Phase Change Ltd. The aim of the study is to assess the potential benefits of retrofit of the RACUS
* phase change ceiling system. The objectives of the study are to estimate potential energy savings and identify
technical issues that may need to be addressed during phase 2. This has been done by computer simulation of
room heat transfer and cooling energy demands. The analysis has concentrated on two small meeting rooms in the
DECC building, 3-8a Whitehall place, London.



MODEL IMPLEMENTATION AND DATA

The computer simulations of room heat transfer and energy demands have been carried out using the advanced
PCM model available in version 5.0 of the EnergyPlus software (Crawley et al. 2001). The model allows calculation
of the dynamic variations in the temperature and surface heat fluxes of the PCM tile and prediction of the room
cooling loads. The thermal characteristics of the room have been analysed and the system sensible annual cooling
demands estimated.

THE Room MoDeL DaTa

The rooms in the DECC office building that have been identified for application of the RACUS ® phase change
ceiling system are meeting rooms 3.02 and 4.02. These are identical rooms on the third and forth floors adjacent
the atrium. The meeting rooms are nominally 3.8 x 3.25 x 2.5m and intended for eight occupants. The layout of
room 4.02 is illustrated in Figure 1 (extract from Frederick Gibberd drawing SK038). Room 3.02 is essentially
identical and so has not been modelled explicitly.

For the purposes of this study room 4.02 has been simulated as an internal space with partition walls. The ceiling is
composed of three sections: plain perforated ceiling tiles (6 of 15), RACUS ® system tiles (9 of 15) and surrounding
plasterboard. The active area of PCM tiles is 3.07m". The existing ceiling system is the SAS System 130 (SAS, 2008)
with 600x600 modules (584x584 tiles 16mm deep) as illustrated in Figure 2.
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Figure 1: Sketch plan of meeting room 4.02 and adjacent internal spaces.
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Figure 2: The SAS system 130 ceiling construction (Alugrid-P 15/16).

Room occupancy schedules have been developed from room logs provided by DECC for the period 1/3/10 —
1/7/10. These show occupancy between 8am and S5pm with approximately 70% utilization and typical meeting
length of 1 hour. The model schedule has been developed from this data to and consists of 5 meetings of 1 hour
duration and one of 1hr 20min with short intervals between along with a lunch period. This corresponds to 70%
utilization during normal office hours. Lighting heat gains (150W) are assumed to follow this occupancy pattern.

PCM MATERIAL DATA

The RACUS ® phase change material is taken to be 20mm thick and in place of the acoustic pad in the SAS System
130 ceiling tile. The tile phase change material (PCM) component is 85% BASF Micronal 23. The phase change
properties of the material have been taken from the report by Oylekele (2010) conducted at Brunel University. The
measured latent heat for 85% PCM content is taken to be 104.7 kJ/kg. This data has been used to develop the
enthalpy-temperature data used in the EnergyPlus PCM material model shown in Figure 3. Phase change occurs in

the temperature range 22°C to 23.2°C.
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Figure 3: PCM Ceiling tile thermal properties used in the model (taken from Oyeleke, 2010).

HWVAC SysTEmM AND CONTROLS

Heating and cooling in the meeting rooms 4.02 and 3.02 is achieved through single fan coil units with fresh air
supplied from a central air handling system. Air is supplied through a single diffuser and extract through the ceiling
plenum. The existing fan coil unit system is assumed to operate with heating and cooling set point air



temperatures of 21°C and 24°C respectively. As these meeting rooms have no external walls heating energy is
negligible and is not considered further. The room temperature in the existing room correspondingly does not fall
significantly in unoccupied periods. It is apparent that, in order to ensure that phase change (both melting and
solidification) occurs during the room daily operating cycle, that the room temperature must be driven lower than
the 22°C phase change temperature outside the occupied period. In this study it has been assumed that this is
achieved by introduction of cool outside air during the night. The fan coil only provides cooling when the air
temperature has risen above 24°C in occupied hours.

RESULTS

The EnergyPlus model of the rooms has been simulated over annual, monthly and daily periods to provide room
thermal performance and energy data with differing degrees of detail. As the rooms in guestion are entirely
internal and dominated by internal occupant heat gains there is little variation in performance across the year.

RooOM PERFORMANCE

The dynamic thermal state of the rooms, with and without the phase change ceiling tiles, has been predicted. It is
interesting to firstly compare the room operating temperatures and expected thermal comfort in Room 4.02 with
and without the phase change ceiling — see Figure 4. The existing room operates at an air temperature close to the
set point over much of the day. It is clear that the room temperatures vary over a wider range where the RACUS *
is present and night cooling is introduced. At the same time it has been found that the ceiling surface is more
stable and lower in the room with the phase change material (Figure 5). Despite the wider range of air
temperature, the predicted Fanger PPD indices (Figure 4) during the occupied periods are lower than with the
conventional ceiling i.e. the room may be more comfortable with the RACUS ® system.
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Figure 4: A comparison of typical summer day wvariations in temperatures and thermal comfort (Percentage
Persons Dissatisfied). Results for the RACUS® phase change ceiling system are shown on the right.
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Figure 5: A comparison of typical summer day variations in room surface temperatures. Results for the RACUS®
phase change ceiling system are shown on the right.

The phase change ceiling essentially reduces cooling energy demands by absorbing internal heat gains until the
PCM has all melted. This is a dynamic process that limits the cooling that the fan coil unit needs to provide. The
system is most effective in the earlier part of the day. This is illustrated very clearly in Figure 6. In the room with
the existing conventional ceiling the cooling load profile is relatively constant from one meeting period to the next.
In the case of the room with the phase change ceiling the sensible cooling load is much lower in the early period
and gradually increases during the day. At all times the cooling load is lower where the RACUS ® system is present.
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Figure 6: A comparison of typical summer day variations in cooling loads and sensible heat gain. Results for the
RACUS®™ phase change ceiling system are shown on the right.



The room thermal operating characteristics do not change over the year as the room is internal and dominated by
internal gains. The reduction in cooling demand therefore results in a corresponding reduction in annual sensible
cooling energy demand. This is indicated by the data for the month of August presented in figure 7 and 8. With the
typical (Gatwick IWEC) weather data used in this study the results show that there is sufficient night cooling for the
PCM material to solidify. (This behaviour should be examined later with warmer climate data.)

ENERGY DEMANDS

Insufficient details of the central HVAC system are available to model the whole system in detail and so the
meeting room has been modelled as an ideal air cooling system. Fan and central plant energy will have to be
considered separately. This study therefore focuses on savings in room sensible cooling. Measured energy savings
will also depend on the means by which fresh air is treated and any dehumidification is achieved as well as specific
fan powers.

Room 4.02 Temperatures and Thermal Comfort : August
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Figure 7. Variations in temperatures and thermal comfort (Percentage Persons Dissatisfied) for the month of
August in the meeting room with a conventional ceiling.



Room 4.02 Temperatures and Thermal Comfort : August

EL R

Outdoor Drybulz
Ajr Termperature

Operative Temparature

BPD

20.0

A0

140k

V- 30

Termperature [C)

10.0

Percentage Dissatisfied (PFD)

—

Figure 8. Variations in temperatures

e e I R T e R L — g P = e o B o
= T [T-J - = 1 od = o I ==~ I il A 0 3 e I e — S B - B o~
I = T B R S I R - IR - - ] i B S = B e

August in the meeting room with the RACUS® phase change ceiling system.

and thermal comfort (Percentage Persons Dissatisfied) for the month of

The predicted energy and carbon emission data for meeting rooms 3.02 and 4.02 combined are shown in Table 1.
This energy is the total cooling demanded by each room. This includes sensible and latent cooling but does not
include central plant energy or fan power. Plant and ventilation equipment energy can be projected to be reduced

in proportion but in practice will depend on the actual system configuration and form of capacity control. The scale
of the savings is predicted to be 55% which corresponds to a reduction in carbon emissions of 932 kgCO; per year

for both small rooms.

Table 1: Annual energy and carbon emission rates for rooms 3.02 and 4.02.

Ceiling Type Zone Annual MNormalised Annual | Zone Annual Carbon | Normalised Carbon
Cooling Energy Cooling Energy Emissions (kgCO,) Emissions
(kWh) (kWh/m?) (kgCOL/m’)
Conventional 3177 128.6 1706 69.1
RACUS 1441 58.4 774 32.35
Carbon Savings 932 37.7
Percentage Saving 55 %




CONCLUSIONS

The operation of meeting rooms 3.02/4.02 of the DECC building, 3-8a Whitehall Place, have been simulated with
and without the RACUS® phase change ceiling system. The results show that:

=  Although room air temperatures vary more widely with the phase change ceiling tile system, room surface
temperatures are stabilised and thermal comfort may be improved;

«  Satisfactory performance requires adequate free cooling outside occupied hours;

* Room sensible cooling loads are reduced, particularly in early periods of the day;

* Room energy and carbon emission savings are predicted to be of the order 55%.

Energy savings in practice will also depend on the economy with which free cooling can be provided. It is also clear
that it will be important to tune the system controls to ensure adequate room temperature swing and ensure
discharge of the ceiling latent heat. Further work may be required to analyse performance with the central HVAC
system and in warmer climate conditions.
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Case Study
Great Ormond Street Hospital

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 e 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 Ho s p i toaslltatisn 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.

Great Ormond Street
Hospital for Children

NHS Foundation Trust

CTREET

DREY

'I-




Case Study
Great Ormond Street Hospital
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Time (hh:mm:ss)
Room A RoomB Outside
(without RACUS®) (with RACUS®) Temperature
. Room with R_oom
Time RACUSE 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



Thermal Chamber Test_ing & Brunel
Infrared Thermal Imaging UNIVERSITY

Conducted at Brunel University, LONUD O N

London
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THERMAL CHAMBER TESTS
FOR DATUM® CEILING TILES
SAMPLE 73

(8/06/2010)

Prepared by: Oyeleke A. James

Supervisor: Dr Zahir Dehouche




1, Abstract

The experiment examined the effect of DATUM® ceiling tile {sample 73 and 74) on the temperature
inside a test cell repeatedly subjected to typical summer day and night temperatures under different
states of ventilation in a climate chamber. The test cell was to simulate an actual room, it contains a
150W to provide cooling load. The tiles contain micro-encapsulated PCM composite and the tests
were to determine the efficacy of the tiles in maintaining lower indoor temperature compared to a
situation without them. For discharging the tiles, conditions of low and high ventilation rates using
17°C overnight temperature from 17hrs — Shrs in the climate chamber was tested. In charging, 25°C
was used as daytime temperature from 9hrs — 17hrs under zero, low and high ventilation rates.
Results from the experiment showed that indoor temperatures were reduced by margins between
2°C and 7°C for different ventilation rates when the tiles are installed and DSC analysis gave the
values in table 1 below.

Table 1

Melting Freezing

Temperature | Temperature Latent Heat of Latent Heat of

{°C) (°c) Melting {J/g) Freezing {J/g)
Sample
73 22.16 23.28 56.51 58.71
Sample
74 22 23.27 86.736 90.876

2. Introduction

The aim of this experiment was to test and determine the thermal performance of DATUM® ceiling
tiles in a semi-active cooling application. The product tested, DATUM" suspended ceiling tile system,
consists of a composite impregnated with micro-encapsulated phase change material in a 600mm x
600mm x 7.5mm ceiling tile. This was experimentally investigated in a 1800mm x 1800mm x
1700mm test cell before DSC analysis was carried out.

Phase change materials store energy in a latent form. They undergo an endothermic process of
phase change to store heat energy when ambient temperature rises and exothermic process to
release this energy when the temperature drops. In building applications, these processes are
desirable in a narrow temperature range close to the human comfort temperature with large
amount of heat being absorbed and released. Phase change materials can be incorporated into
different building materials. It has been used in gypsum wallboards, plaster and concrete which
absorb heat energy in summer to reduce peak cooling loads and this can be of serious economic
benefit in reducing HVAC systems running costs.




3. 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
14.91/s at normal voltage and 11.7I/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. | 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




4. Experimental Procedure

Climate Chamber Tests

FanInlet | —

Wall 4

1700mm

N N AN

(9%

A

1800mm

Table 3
Date & Run Start Time | Stop Time | Climate Ventilation | Heating | Relative
Time & Date & Date Chamber | Rate (W) humidity
Set point
7/6/2010, | 16hrs 17:00hrs, | 9:00hrs, 17°C High 0 51
17:00hrs Initial 7/6/2010 | 8/6/2010
Discharge
8/6/2010, | 8hrs 9:00hrs, 17:00hrs, | 25°C Zero 150 69.31
9:00hrs Charge 8/6/2010 | 8/6/2010
8/6/2010, 16hrs 17:00hrs, | 9:00hrs, 17°C High 0 51.52
17:00hrs Discharge | 8/6/2010 | 9/6/2010
9/6/2010, | 8hrs 9:00hrs, 17:00hrs, | 25°C Low 150 68.92
9:00hrs Charge 9/6/2010 | 9/6/2010
9/6/2010, 16hrs, 17:00hrs, 9:00hrs, 17°C High 0 51.39
17:00hrs Discharge | 9/6/2010 | 10/6/2010
10/6/2010, | 8hrs 9:00hrs, 17:00hrs, | 25°C Low 150 71.9
9:00hrs Charge 10/6/2010 | 10/6/2010
10/6/2010, | 16hrs, 17:00hrs, | 9:00hrs, 17°C Low 0 54.12
17:00hrs Discharge | 10/6/2010 | 11/6/2010
11/6/2010, | Test End 69.95
9:00hrs
LAYOUT OF TEST CELL AND THERMOCOQUPLE POSITIONS
/ Wall 2
A/ Fan Outlet
\ A
V [ | Ceiling Tiles
Wall 3 -1 Wall 1

Diagram 1
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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
Ccs1 Ceiling Surface 1 (plasterboard) Inside
CS2 Ceiling Surface 2 (plasterboard) Inside
CS3 Ceiling Surface 3 (plasterboard) Inside
Al Air Inlet Inside
AO Air Outlet Inside
BB Black Ball Inside
AHL Air High Level Inside
ALL Air Low Level Inside
OA1l 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
AHLR3 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




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

= =4 =4 4 -4 —a -8 -8 -8 _—a -8 _—a -2 -9

End of run




5. 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
P F ILI 1
DAY: 25°C, NO VENTILATIOMN, 150W
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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.
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Sample 73

Diagram 9
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DSC ANALYSIS

Diagram 11
Sample: sample 73 Dsc File: M\James\sample 73.001
Sizge: 6.2500 mg Operator, James
Run Date: 22-Jun-2010 10:37
Instrument: DSC Q2000 V23,10 Build 79
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Eso Up Temperature *C) Universal 14 44, TA Instruments
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Diagram 12

Sample: sample 73-2 DSC File: M:\James\sample 73-2 001
Size: 11.0300 mg - James
Run Date: 25-Jun-2010 0954
Comment: sample 73, middle extract Instrurment: DSC 2000 Y23.10 Buld 79
15
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10+
D5+ 2326°C
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Diagram 13

Sample; gample 73-3 DsSC File; M:\Jamesi\zample 73-3.001
Size: 12.2700 mg Operator; James

Run Date: 25-Jun-2010 12:29
Comment: sanmple 73, middle extract Instrument: DSC Q2000 V2310 Buld 79
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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 | Freezing Latent Heat of Latent Heat of

(°C) Temperature (°C) Melting (J/g) 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




Sample 74

Diagram 14
Sample: sample T4 DSC File: M:\James\sample 74.003
Sze: 56700 mg James
Run Date: 23-Jun-2010 10:44
Instrument: DSC Q2000 V23,10 Build 79
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Diagram 15

Sample: sample T4-2 DSC File: M:\Jamesisample 74-2.001
Se: 6.9700 mg James
Run Date: 24-Jun-2010 09:55
Comment: sample 74, comer exiract Instrument: DSC Q000 V23,10 Build T9
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Diagram 16

Sample: sample T4-3 DsSC File: M \James\sample T4-3.001
Size: 7.0600 mg Operator: Jarmes
Run Date: 24-Jun-2010 12:17
Comment sample T4, middle extract Instrument: DSC Q000 V23,10 Buid 79
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Average melting temperature, freezing temperature and latent heats are given in the table 6 below.

Table 6: sample 74 Thermal Properties

Melting

Temperature | Freezing Latent Heat of Melting | Latent Heat of

(°C) Temperature (°C) (J/g) 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

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




Diagram 18

Sample: 3 pem BASF ds5008x DSC
Size: 7.8800 mg
Method: Heat'Cool

File: HADSCwsample 3 pem BASF ds5008x: 001
Operator: J Lesuewr

Run Date: 30-Apr-2010 14:18
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Diagram 19

File: M:\James\Basf Micronal? 001

Sample: basf Micronal- 2 DSC
Size: 5.0800 mg Operator: James
Run Date: 29-Jun-2010 10:41
Comment: Basf Micronal second test Instrument: DSC Q2000 V2310 Buld 9
4
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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

Latent Heat of

% PCM constituent

Melting J/g Freezing l/g
Micro-encapsulated PCM 122.2 124 100
sample 73 56.51 58.71 48
sample 74 86.74 90.87 72

191




6. 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.
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RACUS® Ceiling System

Reducing Air Conditioning Units & Systems

From

datumphasechange®

datumphasechange®

RACUS® Ceilings...

- Reduce energy use of air conditioning by 50%...

- Offset daytime energy using low energy strategies at night...

- Reduce temperature variations, improving thermal comfort...

- Maintain a cool ceiling temperature, improving thermal comfort...
- Are easy to incorporate into existing buildings...

- Are passive systemsrequiring no energy...

- Are maintenance free...




datumphasechange®

Thermal imaging data from Thermal
Chamber Testing demonstrates how the
RACUSP® ceiling tile can reduce energy over
a one day period.

datump}umchange

A thermal imaging camera detects
temperature differences on the
ceiling surface.
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datumphasechange®

The top image is a standard metal
ceiling.
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datumphasechange®

The following data shows how a RACUS®

ceiling would respond over a simulated 24
hour day...

datumphasechange®

Standard ceiling and RACUS® ceiling
start at the same temperature.
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datumphasechange®

People arrive and the office begins
to warm up. A standard ceiling heats
up quickly.
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datumphasechange®

« 26°C Standard ceiling.

+  23°C RACUS® ceiling.

A cooler surface temperature, also
improves the thermal comfort of the

space.
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datumphasechange®

Air conditioning cycles ON for the
first time.

Up to 3 hours later than a normal
system

Tamparaturs
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datumphasechange®

People leave the office.
The night time Purge cycle begins.
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datumphasechange®

Stored latent heatis being removed
from the RACUS”® ceiling.

Options include Natural Ventilation
or ‘off-peak’ energy.
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Standard ceiling and RACUS” ceiling
are cooled and ready for the next
daily cycle.
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datumphasechange®

Data from the Thermal Chamber Test shows
the measurable effects of a RACUS® ceiling
on the energy use of air conditioning.

datumphasechange®
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datu:‘rII:lhasechange.

(1t

& om ] A sensor records power usage of the air
q;;m';' conditioning throughout the day.
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datumphasechange®

Fed datais the RACUS® ceiling.
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datumphasechange®

The compressor cycles ON/OFF during this period
to meet the load (650W of power).
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datumphasechange®

Here is how the RACUS® ceiling can reduce
energy...

Simulated over a 24 hour day...
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datumphasechange®

Air conditioning starts running at 12 :300hrs with
standard metal celling and cycles for 4 or 5 hours.
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With the RACUS® ceiling. air conditioning is not
needed until 14:20hrs .
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datumphasechange®

The RACUS® ceiling delays the operation of the air
conditioning by 2 to 3 hours,
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Accumulated heat is removed from the RACLIS®
ceiling with low energy night ventilation,

Might time ventilation
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datumphasechange®

The RACUS® ceiling is an easy retrofit
option...

datumphasechange®

ome cases only 20% to
40% of the total room area
needs to be replaced with
the RACUS® ceiling tile.




datumphasechange®

Unlike HVAC systems, RACUS® ceilings are
passive and maintenance free throughout
their service life...




Thermal Cycle Analysis &
Biodegradability Testing

THERMAL CYCLE ANALYSIS

The bio-based phase change material
used in the RACUS® ceiling tile and
F.E.SO Board® products has been tested
to over 45,000 thermal cycles without loss
of performance.

This equates to a life time performance of
over 122 vyears 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.

Rencwable Alematives LLC DSC Testing Reparnt RANG-A
Effictive Dite: (412008 Rev: 000 Prga | of
Geneeral Information
[ ; ol S I Hepeitive Sean
1. Action Type (Cheek One): X
3, Prate of Test: [n]
| 3. Test Number: iRy 4 Lat Number:
I [X
Completed Thermal Cycles: 45,000
Maslting Paak: 218
Latent Heat: 195 {1/g)
Specific Heat:
liguid 199 [fg-C)
solig 186 (1fg€)
Density: 083 plem3
Acceptance: Pass
I 6, Test Comments
Produ moe 1 —
Revie
I Performed By: —I

3418 Homeuedt 2. STE 152
S “ T[‘[ Customer Report i
0 1 y Touruia, by 34,3001 Laarerrasrs
Wl | Blosciences LLC iefoffaitutizaciences.com
Contact
Tile  Biodegration of phasz changs products
Project ID Entry Date 6/14/2011 Test Start Date  6/25/2011
Sample Result Table *
s
atco
bl Rasult
P —
trral Smgractution arhieved B85 4/ S5 by day 17 ol mwing Ly AT awy &0 xmony

chase.

Iemage Titke Biuode fradation Time Coutie

Sampde achi ThOOZ at 4.7 d e e
ved Bur ). Mo olbsereed growth in abieeie samele or aTtemuation i bt of
-5as5 s e plotted with the

- S0 o the 2 of
{S-ahapen] curve 2 b appled 1o eotiulete the statiitieal confidence for 99%
) end 255 (1] bowndory mes

Ienage Tithe Theoretical CO2 Caleulation Table




o

datumphasechange

Web: www.datumphasechange.com
Tel: 01799 550222

\

BUILDING
PERFORMANCE
O/AWARDS 2012

IBSE

RECOGNISING EXCELLENCE
IN MAKING BUILDINGS WORK

PASSIVE PRODUCT OF THE YEAR




