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Energy Potential of Phase Change

Sensible heat - 4.2 J/g/°C

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

Q,.cer = 4.2 1/8°C x 1000g x 10 °C = 42000 J
Q= 334 J/8 X 125g = 41750 )

ﬁ Monodraught® Coofs ..o WINNER

PCM Classification

PCM

Solid-Liquid

Solid-Solid

v

i . 25/180°C
Organics Inorganic
1/170 °C
el
f ; " salt Hydrates | Organi . .
Paraffin (‘ el ey e Inorganic Organic Polymer
v
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ORGANICS: SALT HYDRATES:

Advantages: Advantages:
« Stable + Cost
*  Encapsulation »  Sustainable

*  Energy dense

Disadvantages:

Disadvantages: »  Corrosive (plastic & metals)
+  Expensive *  Thermal conductivity
*  Flammable +  Segregation

e Thermal conductivity

— YEULDING
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> Easy to retrofit, intelligent thermal mass

» Dissipates heat built up

Melt / Freeze H
1Kg of PCM
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Passive thermal mass products

» Achievable Heat Transfer Rates L ) Heat transfer he
Building Fabric N P
direction [W/mK]
> Internal Surface Area Walls Horizontal 2.5
. Ceilings Upward 5
» Temperature difference Floor Downward 0.7

> TIME
» Control Strategy

"

—

GLASSXcrystal in its liquid state GLASSXcrystal in its crystal state
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Product Summary
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Ventilation and Storage Concept

Air Handling Unit (AHU)
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How it works - CP Delta (2011-2012)
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How it works - CP Nova (Current)

PCM Heat Exchanger

External Air

Direct Ventilation

Direct Ventilation

PCM Heat Exchanger

* HEUILDING
Monodraught® - B
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Ceiling Void Installation
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Delta Unit (2011-2012):

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

Thermal batteries batterles
(energy stored)

Nova Unit (Current):

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

a BUILDING
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Outdoor Temperature === QOperative temperature (with CP) — = Operative temperature (without CP)

28

Temperature [°C]

1 0 1 1 I 1 I 1 1 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time of Day [h]
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Testing & Modelling

= ‘Q E'EETI?L%NG £ Ashden
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EBMpapst — AHU Independent tests

£

——AHU_Nova DA30%
——AHU_Nova DA40%
AHU_Nova DASON
—— AHU_Naova DASS%
——AHU_Nova DABDM
EBMpapst 26% ——AHU_Nova DABS%
EBMpapst 30% —— AHU_Nava DATO%.
—— AHU_Nava DABO%
EBMpapst 34% - g S ~ - Power_Nova 30%

| —EBMpapst 38% o = -3 -~ Power_Nova 40%

—EBMpapst 42% = = Power_Nova 50%

J = = Power_Nova 55%

—EBMpapst 6% . ) = = Power_Nova 60%

—EBMpapst 50% L e o . - = Power_Nova 65%

-= ~ . [ = = Power_Nova 70%

~—EBMpapst 60% = = Power_Nova 80%
~—EBMpapst 80%

~——EBMpapst 100%

£
£
3
£ 52
£
3
!
T
&

Saund Power [dBA]

¥

450 550 650 750
Flow [L/s]
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Heat Transfer Modelling

i ki &
(zh ==ll'14“,'131ﬁn1 l_n_ fh AT, — AT,
' Alim =—3T,
. l ™ Stream, T,,(x) In A’Ika
Qpn=m-¢c," (Tout — Tin)

80

£
@
S 60
g
5
g 50 ——Actual PCM panel
[
> 40 (Measured)
o |
E 30 ——Actual PCM panel
" I (CFD)
E 20
2 |

| (Theo

100 200 300 400 500 600 700

Flow Rate [m3/h]
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PCM Panel

» PCM characteristics (SP22A17)

-=-Heating ——Cooling

80 '
60
X 40
>
a
® 20
=
]
c ‘-|——l——l——|——|——lf‘.’/i
g 0 T 3 I 1 1 T T T
& —
o
o -20
v
40 -
-60 —
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Temperature [°C]
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PCM characteristics

——Melt (sp22E) —e—Crystallize (sp22E) —a&—Cast Concrete

[ —mMelt (sp22E) - 1 kg —4+—Crystallize (sp22E)- 1kg
—d—Cast Concrete - 12 kg

200
180
160

140
120
100 -
20
60
40
20
0

Partial Enthalpy [kJ/kg]

Cumulative Enthalpy [k1]

‘ —_—

: : B : B B : + H | ' ¥ B H N N \
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
—-Melt (sp22E) - 200 kg —4—Crystallize (sp22E)- 200 kg
== Cast Concrete - 2400 kg

Temperature ["C]

Cumulative Enthalpy [kwh]

T T T T T

! ! : : . . : | : .
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
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30°C
—Front Panels Left
—Front Panels Right
28°C —Mid Panels Left
—Mid Panels Right
26°C ——Rear Panels Left
~—Rear Panels Right
24°C
22°C
20°C
18°C
16°C
14°c - . .
588585555858585858583858588883¢
mhmmo-—cnmvmwhmma-—uﬁmgAﬁmgmmhmmc
OO0 O " rrer eSSl N NN (=== (== =i ==
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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)

=
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TB Performance Testing — Full Scale

32°C - 5000 Wh
30°C ; ; i i i 4500 Wh
28°C - - 4000 Wh
el o e ol e B b i B S S o B D N R R B e |
26°C 4 i g R S, fiuc I Ling | i et 3500 Wh
——AirIn
g 24°C ¢ ——AirOut - 3000 Wh
g ~—— PCM panel surface temperature ?
2 3p0¢ = = Cooling Energy (Wh) L 2500 Wh &
E — — Heating Energy (Wh) | E
20°C - ! - 2000Wh %
-
E
18°C . 1s00wh 3
16°C 1000 Wh
14°C - 500 Wh
12°C § 3 1S G N, O O O e, O (] O O, M O R 26 N N1 N S S S S | ,I. - OWh
8R8R28R8388R8388888R8
55858833 888585588882
D
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TB Performance Testing — Full Scale

. (o] o
» Delivered performance of 1 battery module (15°C - 26°C temperature range)

‘ Air In Air Out ~——PCM Back ———PCM Front - — —Cooling Energy (Measured) (Wh) — - —Heating Energy (Measured) (Wh)
30°C 2000 Wh
28°C 1800 Wh
26°C 1600 Wh
24°C ; o 1400 Wh

o R [ S S O | et A A A S S g Sy Ay Sy S B

322°C T e R 1200 Wh &

® I - - ]

@ i i A A A A A A A A 5

g20°C g ” 1000Wh @

@ A cair S S T S -

= ; ""'---..__- ]
18°C . \“'-\ ~ ~ 800 Wh B

3
16°C o b 600 Wh 3
eafas I 7
14°C 74 " 400 Wh
i #
12°C . ‘ 200 Wh
’ ’
ra e
10°C < 0Wh
o O o O 0 C O 0O o 0 0O 0O 0 C O 0O o 0 0 0O 0 C O O o 0 0 00 o0 o0 o 0 o o0 oo o
o Mmoo NN o Mo Mmoo N o Mmoo Mo Mmoo N o Mmoo Mo Mo Mmoo M e Mmoo N Mmoo Mmoo
R R R R R R R R -
O 0 0 O dod d dd = dd d o2 d - A 2 d 4 A 2 o A & &N S O © © O | FlowRate: 126
R S e SD17L/s
Y A4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 A4 4 4 4 4 A4 ~ A A A A
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TB Charging model (Excel tool)

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

2 ! . . =2y > AHU: Charging Mode
268 —— J — sey > Fanspeed: 50% (288 L/s)
SONN | | . 2600 > Flow rate: 144 L/s /TB
22 7 5 —_—
] . < . 2400 2
s — - = - 2200 5 > PCM temperature: 25°C = 18°C
% ol \\_ —— im : > Thermal Energy: 3015 Wh
S 14 ! — : 1600
E 12 1T __:;',;? et 1400 E » Thermal Power:
£ ol T | —Are ot | 1200 £ > Start: 952 W
8 N\ - '- s :::r:;“n:']h] looo & > End: 340 W
BN ] 800§ > Average: 603 W over 5h
4 N 400
2 S 200 £ > Power Consumption:
0 ' 0 5h x 87.3W = 436.5 Wh
8 8 8 8 8 8 8 8
3 S 3 =S 3 8 S =
Time [h]
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TB Discharge Model (Excel Tool)

»TB discharge (11:00 — 17:30; 6.5h) (hot day London)
32 0
) ——— - 1 200 » AHU: Cooling Mode
28 | /;___h__. — ~ | -a00 » Fan speed: 42% (230 L/s)
%6 ' I = j$ _ | > Flowrate: 115 L/s /TB
24 ] . - i -1000
- B i - -1200 > PCM temperature: 18°C - 25°C
g o ———— o 1400 = | 5 Thermal Energy: -3127 Wh
P 18 ] . RO -1600 £
E 16 -1800 &
§ 14 B -2000 = | » Thermal Power:
£ o 2200 3 > Start:-563 W
] ﬁ ] 4 -2400 E .
ﬁ | p—— - - -2800 § > Average: -481 W over 6.5h
4 1| —— Air @ outlet I I ::ggg
2 | e oy | “ ) 3400 £ | > Power Consumption:
0 — -3600 6.5h x 57.9W = 376.4 Wh
8 8 3 9 89 3 383 3 3 38 2
Time [h] » EER=(2x3127)/813=7.7
N SBUILDING
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12°¢ ¢ | —PCM (Measured) o LT ing Power = | 1500
| - - PCM (Model) Cooling Energy measured (Wh)! -

~ ~ Cooling Energy modeled (Wh)
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IES Implementation

Powered by
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Temperature profile and frequency

» Weather analysis (Excel tool)

—+—Hot days (15%) ~t-Warm Days (41%) Average hourly temperatures -=-Cold Days -+-Cool Days
~ Cool Days (29%) -»-Cold Days (15%) ~t-Warm Days —Hot Days
24
=) - s » - »
22
o —_
220 e
g o oo O 0@ mo O D O ODaDemo ||
E 18 §
216 E
> A AA M n PN Ah A MA| o
S £
214 [
m
g 12
=] g == ]
10

5 5 5 5 5 3 3 £ z

= = = p o ~ © < <

g 5 8 - &~ - 8 &

CIBSE DSY
25

S0

Temperare ()
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=
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TB Discharge Profile (IES)

Fresh Air mode

| | ! . —% of Max Power -100
80% I B — -Cooling Power [W]

Cooling Power [W]

288888888 8
Z SR C S S =
ﬂme{h]_

» Thermal Power:
> Start: -713 W (IES input)
» Thermal Profile 0-100%
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IES Component Tool

(

Coolohase® v [ information MI—|
o
Name §
Exposed Void: Q Monodraught® CDDE%@SPW
CPN4EV
CPNGEV Fascia: CPN8F
CPNBEV
Fascia:
CPNEF
CPN6F
(V] cener
Suspended Ceiling:
CPN4SC
CPN6SC
CPNBSC

Cool-phase is a low energy cooling and ventilation system that creates a comfortable, fresh and healthy indoor "
environment and reduces the running costs of buildings.

Cool-phase uses a thermal energy store utilising a Phase Change Material (PCM) in combination with an intelligently
controlled Air Handling Unit to actively ventilate and cool the building. The Cool-phase system can maintain temperatures
within the comfort zone, while radically reducing energy consumption hy up to 90 %, compared to a conventional cooling
system Unlike caolmg pp hes, Cool-phase uses no making it an sound -

Hz] Product Data Sheet
=l Clickto view: Product Brochure Fascia Product Data Sheet
You will need Adobe Reader, free from Adobe, to open the document.

[ tmport Checked Components | [ cose |
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IES Integration — as ApacheHVAC
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Case Study
Notre Dame School Building (London)
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Case study — Notre Dame School Building (London)

About the Case Study:

Two COOL-PHASE systems were installed
in an IT classroom in April 2011. The
classroom (approx. 70 m?) has high internal
heat gains with 30 PCs and an overhead
projector, while partly shaded windows on
two sides (NW & SE) create solar gains.

Two control rooms were chosen in order to

provide a comparison to the performance of the
COOL-PHASE systems; the first was another
IT classroom with 30 PCs and an overhead
projector, resulting in similar internal heat gains.
Due to external gains from SW facing windows,
there was higher external heat loading than the
classroom where COOL-PHASE was installed.
This classroom had a Split Air Conditioning (AC)
system already installed to provide cooling.

The second control room was a Geography
classroom with much lower internal and external
heat loading. This classroom had a single PC
and overhead projector. The room was chosen
as it was located next to the room with the
COOL-PHASE systems and would provide

a baseline to compare performance to.

e To verify the data logger

e The resulting temperature

e All rooms prior to the install used
manually operated windows
to provide natural ventilation.

e Data logging equipment
was installed in each of
these classrooms.

¢ Temperature and CO, levels
were monitored every minute.
The data loggers were
installed in February 2011
during the Spring term so
that the two environments
could be compared before
the COOL-PHASE® low
energy cooling and ventilation
systems were installed.

readings, the temperature
was recorded with a hand
held digital meter in 8
locations around the room.

gradient was measured and
used to identify any local hot or

cold spots within the room.
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Before and After

Temperatures and CO, levels were
monitored during the Spring term
prior to the install to enable the two
IT classrooms to be compared.

The average temperature in both
environments during the Spring term
are very similar. This shows both rooms
have very similar internal heat loading.

The results show that the average
temperatures increased in the
control room slightly between the
Spring and Summer term as can be
expected due to warmer weather.

However the room with the COOL-PHASE
system has not replicated these trends
and instead has seen a significant
reduction in the average temperatures
before and after the install.

The external heat loading in the control
IT classroom is higher than the room
where COOL-PHASE is installed and
this would become a more significant
factor in the Summer term, however
the AC system should be able to
overcome the total heat loading.

Despite the differences between the
rooms, it is clear that the COOL-PHASE
system has had a significant impact

on average temperatures.
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Case study — Notre Dame School Building (London)

A similar pattern can be seen for the
CQ, levels. The results show that
70.0% the control IT classroom had worse
ventilation than the classroom where
COOL-PHASE was installed.

This can be expected as the control

classroom only had windows on one

side; whereas the room where the

[l Sering (Before install COOL-PHASE systems were installed
has windows on two opposite sides of

[l Summer (After install the room allowing cross ventilation.

30.0% |

An improvement in air quality between
the Spring and Summer term

can be explained by the windows
being opened more frequently.

However the results before and after
the install of the COOL-PHASE system
Control IT Classroom COOL-PHASE Classroom shows a very significant reduction

in the number of hours where the

CO, levels exceed 1500 ppm.

% Tirme when 0O, levels>1500ppm

10.0%

0.0% -

levels before and after the install

Q Monodraught® Coobs oo WINNER @

Powered by

o INTEGRATED
ENVIRONMENTAL
SOLUTIONS




Hybrid operation with VRF

2.50

2.29

2.00

MWh/ annum

1.50
141

1.00
0.94

0.50

0.00
WRF + Mechanical VRF + 2 COOL-PHASE® VRF + Mechanical WRF + 2 COOL-PHASE®
Ventialtion (23°C (23°C setpoint) Ventialtion (24° (24°C setpoint)

setpoint) setpointC)
B Mechanical Ventilation (Annual Energy)
m COOL-PHASE Ventilation (Annual Energy)

W VRF cooling plant sensible load (May-September Energy)

Hybrid operation with VRF

1.40

1.20

tonnes/annum
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=
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0.40

0.20

0.00

VRF {alone) + Mechanical Ventilation 2 COOL-PHASE® {8k\Wh) + VRF (cooling) | 2 COOL-PHASE® (8k\Wh) + VRF (cooling)

(23°C setpoint) (24°C setpoint)
CO2 emissions




Monodraught®

Monodraught Ltd
Halifax House, Cressex Business Park,
High Wycombe, Buckinghamshire HP12 3SE
T: +44 (0) 1494 897700
F: +44 (0) 1494 532465
info@monodraught.com
www.monodraught.com
www.cool-phase.net




