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Thermodynamic Properties

CO, (Carbon Dioxide / R744) @

« CO2 is present in the atmosphere in an proportion
approximate proportion of 0,0375 % in volume,
during this decade (year 2000), around 375 ppmv
(parts per million in volume). Yearly concentration
Increase rapidly , approx 2 ppmv/year , consequent to
human activity generating green gas warming effect :
Fossil fuel combustion, coal, petroleum, gas.

« CO, used in refrigeration Is a by product of ammonia
and hydrogen production process.




CO, as a Refrigerant

Pro
« Long tradition in Refrigeration

» Consider as a Green Refrigerant, low global warming (GWP =1)
» Chemically inert, non flammable
« Non toxic
« Volumetric capacity higher than other refrigerant
— Subcritical: 6 to 8 times better than R22, R404A or NH,
— Transcritical: 4 to 5 times better than R22, R404A

» Refrigerant flow lower



CO, as a Refrigerant

Cons
» Critical Temperature at 31.1°C (87.9°F)

— Will require a trans-critical operation for single and double stage .
Two stage up to 150 bar [2176psia] )

— Thermodynamic properties unfavorable for high condensing pressure /
gas cooler temperature

— High discharge pressure
— Security rules on equipment design
« Low temperature limits (Triple point -56.6°C [-69.9°F] )
« Air concentration limit lower than HFC (3.5 to 6 times less)

— CO, is odorless — Requires safety measures and leaks detector in every
close rooms



CO, as refrigerant

. Comparison on pressure level
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What i1s Sub Critical and Trans Critical ?

Sub-critical cycle

» Discharge pressure under

Trans-critical cycle

- Discharge pressure over

— CO2 critical point
@ 31.06 °C/87.9°F

73.8 bar / 1070.4 psia

- CO2 critical point
@ 31.06 °C / 87.9°F

73.8 bar /1070.4 psia

« Condensation as we know it
« refrigerant = SDT < 31°C

— Cascade system
« Condensation (ideal process)

Isobar and isotherm

« No condensation, gas cooling prior
to the expansion device

« (as cooling (ideal process

isobar , not isotherm



Presau: [Bar]

Log p,h-Diagram of CO,
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Density

Density - CO, liquid / vapour
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Various systems type and configurations

. Cascade system

* DX system

* Brine System

* Trans-Critical system



Cascade R-404A and CO2
N C d

MT R404A\FJlB4a) DX Heat Exchanger LT CO, DX

DX R-404 (S
medium temp ' "

—M ° DX CO2

__________ Low temp




Cascade R-404A and CO2

Example of a Supermarket Application —

HFC-CO, Chiller / CO; Pump Circulation + Cascade

A HFC-COJ
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CO, — NH; cascade system
Low stage — CO, High stage - NH;

Low stage — Compressor(s) High Stage — Compressor(s)

Sorq O

( g @
Cascade

4 \
\ CoO, recelverj Cooler
¢
Low stage —

Evaporator
Low Stage — Low Stage — Expansion High Stage — Expansion
Liquid pump valve valve
Q) g P —
V3
e A
=}
ﬁ 8O _ :S: R717
a 7 2
o +30 °C (12 bar)

-40 °F (135 psi)

................................. +86 °F (171 psi) /
-20 °C (1,9 bar)
-4 °F (28 psi)

v

v

Enthalpy Enthalpy



CO, — NH; cascade system

Low stage — CO,
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CO, — NH; “brine” system
Low stage — CO, High stage - NH;
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CO2 as a brine — lower energy consumption

High Heat-Transfer Efficiency Factor
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The Heat-Transfer Efficiency Factor expresses the relation between the heat-transfer

coefficient and the cooler temperature.
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CO2 as a brine — lower energy consumption

Power

, KW

-10°C | -20°C
CO2 0,97 0,85
CaCl2 13,34 | 14,22
Hycool 16,02 | 16,15
Ethylene Glycol 14,03 | 16,68
Propylene Glycol 15,87 | 18,88

Calculated power consumption by pumps in case of ca. 500 kW capacity



Why CO, ?

COZ — Drlvers Commercial/ | Industrial

Supermarket | Refrigeration

Environment
Phase out CFC, HCFC: Change to CO2

(ODP (0Ozone Depletion Potential), GWP (Global Warming Potential) ) V
Safety
Increased restrictions on toxic/flammable refrigerants (e.g. I/
requirements for systems with big R717 charge)
Cost
* Reduced running cost due to increased
efficiency (compressor efficiency, heat transfer) |/ |/
* Reduced cost on refrigerants.

* Reduced size on components.




Compressors Capacity

e

Refrigerant R134a R404a R717 CO2
Cooling Load TR 100 100 100 100
Required CFM 1342 865 900 102
Compressor
Displacement
Relative Compressor 13,2 8.5 8.8
capacity
E ting temp.: TE = -40 [Deg.F
céiﬂiﬁasiﬂg tgmg.:TC: SEDgg.F]] CO,
Compressors
have high
capacity




Compressors

Compressor Features

/Highly Efficient and

Specially Designed Special Motor Adaptation:
Cylinder Heads t.upto15 C (SDT 59 F)

J

Robust Working Valves
— Large Cross Sections
— Improved Compression

J

Process
<
Multi cylinder design and
Further Developed optimized bore/stroke ratio
Wear Resistant — low V|br.at|on & sound
Drive Gear / s best suited for VSD

Special Bearings

Housing with High Strength Pressure:
HP: up to 53 bar (769 psi)
LP: up to 30 bar (609 psi)

Extra low oil carry-over
— special centrifugal
lubrication




Compressors




Cascade cooler




Recirculator package design
S O




Trans-critical CO, System

Critical point CO, +31°C = Not possible to condense with ambient air during the whole season
Gas cooler required ( with optional adiabatic cooling)

Gas expansion generate liquids

Minimum discharge pressure of 85 b (1230 PSI). Compressor 130 to 150 b ( 1845 PSI)

Possible usage:
- Reefer transport and containers
- Heat pumps
- Domestic hot water
- vending machine for drinks
- Automotive AC
- Supermarkets and cold storage , small food plant 20 to 200kwW
- Condensing unit
- Self contain food conter
- Ice rinks
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Pressure [Bai]
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Preszure [Baz]

Cycle processes with CO,
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Optimal High Pressure
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Two Stage Booster System

{ Condenser
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Two Stage Booster System - Transcritical Cycle
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Two Stage Booster System
Transcriticial CO, Booster System

S WSS ___ L
Condenser !

H-HH Description

High temperature cycle E *MT: C02 Direct expanSion
compressor rack i : .
L T: CO, Direct expansion

co / e Application:

FR, server cooling, heat pump, Ice rinks, selected I.R plants

Benefits

5 E Intercoofer 5 Natural Refrigerant

eLow GWP Natural refrigerant

MT evaporators

*No intermediate media
: : I : : *Energy efficiency...

Challenges

compressor rack o e
LT evaporators | *Requires high pressure components
I { I I I | eLack of trained personnel

_____________________________________ sLarge Number of compressors for large I.R installations




What are the incentives in considering
the use of transcritical CO2 refrigeration

Negligible environmental impact

Legislation: F-gas regulations (Europe), California
stricter laws. etc

Efficiency, Energy consumption




CO, TRANSCRITICAL SUPERMARKETS IN THE EUROPEAN UNION

DATA BY COUNTRY
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http://www.shecco.com/

Energy Consumption of Singleo Stage
Transcritical CO, compared to Single Stage
R404A
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CO, SUPERMARKETS IN CANADA

DATA BY PROVINCE

Thesa figures are based on a 2012 survey of leading CO, system suppliers
and commercial end-users. The dota collacted indudes both purchase
orders for (0, systems and compieted instaliations. Feel free to contact ws
to add your data to the map. Send an email to ressarchéshecoo.com
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CO, SUPERMARKETS IN THE UNITED STATES OF AMERICA

DATA BY STATE

These figures are based on a 201 2 survey of leadling (0, system suppliers
ond commercial end-users. The dofa collected indudes both purchase
orders for (0, systems and compieted instaliations. Feel free to contact us
to add your data to the map. Send an email to researchéshecoo.com
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Energy Consumption of TWO Stage transcritical
BOOSTER CO, compared to single Stage

Legend:
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Residential CO, heatpump
application for hot water
production

Transcritical refrigeration process

Pressure
Y
bar ps 35 0C - 95°C
[95 °F] Gas COOIIng [203 °F]
100 1450
mp 50 1305
80 1160
70 1015
60 870
50 725
40 580
30 435
mmp 25 363
A2 °C [10 °F]

20 290
10 145

5 73 >

Enthalpy



CO, Automotive
aircondition application

Pressure Transcritical refrigeration process

Y
bar ps 35 0C - 95°C
o 150 [95 °F] Gas COOIIng [203 °F]
mp 50 1305
80 1160
70 1015
60 870
50 725
40 580
30 435
25 363
— 12 °C [10 °F]
20 290
10 145
5 73 >

Enthalpy



CO, Applications in Focus

Industrial Ref

Subcritical
Food Retail pumped
Subcritical }~ Transcritical
Transcritical
Booster System
Heat Pumps Transport Refrigeration Server &

Transcritical

Transcritical

Electronics Cooling
Transcritical & Subcritical




Hermetic Transcritical CO, compressor

Application:

Light commercial applications like vending
machines, small air-conditioners, and heat pumps.



Semi-Hermetic Transcritical CO, compressor

CO, Compressors for Trans-critical Applications — , =
Measures for Improved Performance & Efficiency #

ECO § - | |
n S O Option for “Parallel 2 Special adaptation of
i L, | Compression® (ECO) ® [l motor layout and
/.«/ B ~a suction gas cooling

Separated HP/LP
chambers @
- reduced heat transfer

4-cylinder cylinder design,
optimized bore/stroke ratio
- low vibration & sound

- best suited for VSD

»
|
‘ -
i
\

Highly efficient and

robust working valves

- large cross sections

- improved compression
process

Extra low oil carry-over
U Patent applied - special centrifugal lubrication




Prototype
(80 x 35 x 100cm,
Capacity: 4.5 kW)

Figure 9: Photographs of various ECO CUTEs.
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Supermarket transcritical package




I * I Natural Hesources  Ressources naturelles
Canada Canada

Using CO, for Cold Distribution
at a Loblaw Supermarket




CO, as brine system




Ammonia/CO, mechanical room




Transcritical CO, Ice
RInk Systems



First Place: Industrial Facilities or Processes, Existing
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Arena Marcel Dutil, Les Coteaux, QC, Canada, is the first ice rink in the world to use a CO,-based refrigeration systam.

efrigeration

Ice Rink Uses GO, System

By Luc Simard, Associate Member ASHRAE

he Marcel Dutil Arena in the municipality of Saint-Gédéon-de-Beauce boasts the world's first
T1oo% CO,-based refrigeration system used in an ice rink. Saint-Gédéon-de-Beauce is in the
Quebec province, about 20 miles north of the Maine border. The more than two-year-old ice rink was
renovated in the summer of 2010. The existing R-22 chiller was removed, as well as the ice mat.

The concrete slab was retrofitted to install the new system.

About the Author Luc Simard is a refrigeration engineer at Compressor Systems Control (CSC), Les Coteaux, Canada. He is
member of the ASHRAE Quebec chapter.
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Trancritical rink package with pumped CO2
for the floor

Photo 2: CO, ice rink chiller package.



Trancritical rink package with glycol floor
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Advantage

Elimination of inefficient pumps for circulating brine or
glycol. Savings of more than 14 000 kWh / Month.

Elimination of evaporative condensers

The system provides ALL the needs of the ICE RINK
FACILITIES more then 25% energy saving over HFC.

fud Incomparable Ice Surface quality. Quick freeze after
& .~ resurfacing and no Ice temperature fluctuation on the ICE

4 RINK latent heat.




The 100% CO,-based refrigeration
system for ice rinks that was developed
in this project is a unique refrigeration
system that uses the natural refrigerant
R-744 (carbon dioxide) as primary and
secondary working flunid (this system
has Canadian patents with U.S. patents
pending) (Figure I). The R-744 is a natu-
ral, non-toxic, non-corrosive and highly
efficient refrigerant. As opposed to the
fraditional solufions that use ammonia
or Freon chillers. and glycol or brine as
secondary finids. this 100% CO,-based
refrigeration system does not use any
secondary fluid to cool the concrete slab.

In this case, carbon dioxide is pumped
from a low pressure receiver directly
into a tubing network installed in the
concrete slab. In addition. since there
is no secondary fluid, the evaporating
temperature of CO, can be set at 19°F
(=7°C) while keeping the ice sheet at
23°F (—5°C). The result is an evaporat-
ing temperature higher than all other
standard ice rink refrigeration systems.
The tubing nerwork is made of a spe-
cially designed plastic-coated soft cop-
per tube.

March 2012

The design recirculation ratio of lig-
uid CO, in the tubing network is 1.5.
Since the phase change of liquid CO,
is not completed in the copper tubing
network located in the concrete slab, no
superheat is created. The mube network
configuration (number of passes) does
not affect ice quality because inlet and
outlet temperatures of liquid CO, are
the same. So, the temperature of the
concrete slab is the same over the entire
surface.

By comparison. the nominal flow rate
of a 90 ton (317 kW) ice rink chiller us-
ing 100% CO, technology would be 30
gpm (1.9 L/s) compare to 500 to 600
gpm (32 L/s to 38 L/s) in secondary
fluid applications. Pumping power is
reduced up to 90% compared to tradi-
tional secondary fluid pump| power.

The tube network configuration in the
concrete slab is only limited by pressure
drop. Fortunately. CO, liquid viscosity
is low even at a low temperature. For this
reason, the increase in pressure of the
circulating pump is small. and a design
AP of 1 to 2 bar (100 kPa to 200 kPa) is
Common.

The tubing network is made with 2
in. OD plastic-coated copper tubing.
The tube spacing is 4 in. (102 mm) cen-
ter to cenfer. The tubes are normally in-
stalled on the longest side (200 ft [61 m]
for NHL size rinks) with a refurn bend
installed at the end (two-pass configura-
tion).

In this configuration, each pass has a
length of approximately 400 ft. (122 m).
The distribution manifolds are located

.
Building at a Glance

Marcel Dutil Arena

Location: Saint-Gédéon-de-Beauce, QT

Owner: Municipalite
St-Gédéon-de-Beauce

Principal Use: Ice Rink
Gross Square Footage: 25,000

Substantial Completion/Occupancy:
2010
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2012 Technology Award Case Studies

St-Gedeon (CO,) Reference NH,/Brine
2010-2011 Season 2010-2011 Season
kW/h Cost ($) Backup Cost (3$) kW/h Cost ($) Backup Cost ($)
Sept. 10 61,560 6,103.15 - Sept. 10 93,780 8,101.00 48.08
Oct. 10 83,160 7,040.23 - Oct. 10 97,020 8,157.86 1,063.11
Nov. 10 89,280 7,197.65 1,399.95 Nov. 10 10,3140 8,742.18 367.30
Dec. 10 82,080 6,661.33 1,965.90 Dec. 10 130,320 10,947.84 1,144.69
Jan. 11 84,240 6,874.00 2,026.46 Jan. 11 115,560 8,667.94 1,850.10
Feb. 11 61,920 5,997.25 1,745.96 Feb. 11 113,220 9,918.45 374.43
Mar. 11 96,480 7,658.28 1,550.77 Mar. 11 93,960 8,380.71 1,956.06
Apr. 11 52,560 5,909.00 - Apr. 11 39,600 4,669.27 1,844.48
611,280 53,440.89 8,689.04 786,600 67,615.25 8,648.25

Table 1: Comparative energy cost for the first year of operation.

Because the concrete slab already existed, we poured 2 in.
(51 mum) of new concrete over it to install the new copper tube
network (Photo I. Page 40).

The new refrigeration package was built in the factory and
delivered on site (Photo 2. Page 40).

The main feature of this project is the energy consumption
reduction when compared to similar projects using standard
ice rink chiller/secondary fluid technologies. Because the sys-

tem uses a part of the total heat reclaim. it covers all hot water
needs for the facility at no additional cost. The hot water stor-
age tank delivers 167°F (75°C) water at a constant tempera-
ture to the building. During the last season, the facility never
ran out of hot water, and it never used back-up heating.

The 100% CO, refrigeration system for the ice rink is also
connected to a warm glycol loop through another heat reclaim
heat exchanger to recover the rest of the energy output. The



Heat reclaim for the building

1. Comprassors 7. Auxiliary Condensing Unit
2. Ol Separator 8. Heat Exchanger @ @ 4 @ @
3. Heat Exchanger CO,/Glycol 0. Hot Water Heat Recovery Pump P
? =
4. Qutdoor Gas Cooler 10. Doulble Wall Heat Exchanger @ @ % @ 5
5. Low Pressure Liguid Receiver 11. Expansion Tank g E E‘g
6. Liguid Pump 12, Warm Glycol Heat Recovery Distribution Pump E £ 21 =
7. Auwliary Condansing LIT'I " 13. Warm Glycol Heat Recovery Circulation Pump £ 5 Eé E
_ T cx ﬁ
o s 47 3
| e LR
T - o
lce Pit/Underground Heating TSR
-2 - - -
8
'I'Tf - ]
7 \
) |
lce Rink
= L]
LI

Water Inlat

Figure 1: Schematic of CO, refrigeration system that does not use any secondary fiuid to cool the concrete slab.
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Energy Efficiency

Montreal Area Weather Data S5ST=-BCel R744
GC cop
Bin Temp. Bin Hours T ext ToutGC | Pressure Cop annuel
[deg. F) [#hrs) [C) [C) [ BAR ) Dorin Dorin
a2 & 33.33 35.33 B9 183 0.0013
87 29 30.56 3256 B2 204 0.0068
a2 154 2778 29.78 76 2.33 0.0409
77 360 25 27 70 2.7 0.1109
72 609 22.22 2422 64 3.17 0.2203
&7 558 19.44 2144 &0 3.65 0.2324
62 776 16.67 18.67 56 425 0.3764
57 718 13.89 15.89 55 46 0.3769
52 671 11.11 13.11 55 48 0.3675
a3 629 B33 10.33 55 5 0.3589
42 477 5.56 7.56 55 5.15 0.2803
37 753 278 478 55 5.3 0.4554
32 714 0 5 55 5.3 0.4318
27 539 -2.78 5 55 5.3 0.3260
22 334 -5.56 5 55 5.3 0.2020
17 394 -8.33 5 55 5.3 0.2383
12 333 -11.11 5 55 5.3 0.2014
7 274 -13.89 5 55 5.3 0.1657
2 205 -16.67 5 55 5.3 0.1240
3 a5 -19 44 5 55 5.3 0.0575
B6 -22.22 5 55 5.3 0.0520
-13 27 -25 5 55 5.3 0.0163
-18 182 -27.78 5 55 5.3 0.0109
-23 3 -30.56 5 55 5.3 0.0018
-28 1 -33.33 5 55 5.3 0.0006
cCop

TotalHours 8763 refrigeration  4.66

100%%
100%
100%
100%
100%
100%
75%
75%
75%
75%
75%
50%
50%
50%
25%
25%
25%
0%
0%
0
0%
0%
0%
0%
0%

Cop
FLOATING

0.0013
0.0068
0.0409
0.1109
0.2203
0.2324
0.3451
0.3470
0.3379
0.3296
0.2575
0.3807
0.3610
0.2725
0.1523
0.1756
0.1518
0.1113
0.0833
0.0336
0.0349
0.0110
0.0073
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4.0

50

75%

75%
1005
10035
1005
1005
1005
1005
1005
1005

Montreal Area Weather Data SEST=-ECel R744
GC cop
Bin Temp. Bin Hours T ext Tout GC | Pressure Cop annuel
[deg. F) [#hrs) [C) (€} [ BAR )
g2 & 33.33 35.33 B9 183 0.0013
B7 29 30.56 32.56 B2 2.04 0.0068
B2 154 2778 2978 76 2.33 0.0:309
i7 360 25 27 70 27 0.1109
72 609 2222 2422 B4 3.17 0.2203
67 558 19.44 2144 &0 3.65 0.2324
62 776 16.67 18.67 75 3.02 0.2674
57 718 13.89 15.89 75 3.14 0.2573
52 671 11.11 13.11 75 3.25 0.2489
a7 629 B.33 10.33 75 3.37 0.241%
42 477 5.56 7.56 75 3.47 0.1BB9
37 753 278 478 75 3.56 0.3059
32 714 0 5 75 3.56 0.2901
27 539 -2.78 5 75 3.56 0.2190
22 334 -5.56 5 75 3.56 0.1357
17 304 -B.33 5 75 3.56 0.1601
12 333 -11.11 5 75 3.56 0.1353
7 274 -13.89 5 75 3.56 0.1113
2 205 -16.67 5 75 3.56 0.0833
-3 a5 -19.44 5 75 3.56 0.0386
-B B& -22.22 5 75 3.56 0.0345
-13 27 -25 5 75 3.56 0.0110
-18 18 -27.78 5 75 3.56 0.0073
-23 3 -30.56 5 75 3.56 0.0012
-28 1 -33.33 5 75 3.56 0.0004
COP
TotalHours 8763 refrigeration  3.35




Indirect cooling

Rink energy efficiency

Montreal Area Weather Data 35T=-12.2Cel R744
Bin temp Bin Hour T ext tout GC  GC Pressure COp COP annuel
(deg. F) [(#hrs) (€ (C) [ BAR )
g2 ] 533.33 35.33 B9 159 0.0011
B7 29 50.56 32.56 B2 18 0.0060
B2 154 2778 2978 76 2.05 0.0360
7 360 25 27 68 238 0.0978
72 609 2222 2422 64 274 0.1904
67 558 15944 2144 60 3.14 0.1999
62 FEL 16.67 1B.67 75 268 0.2373
57 718 1389 1589 75 279 0.2286
52 671 11.11 13.11 75 289 0.2213
a7 629 B.33 10.33 75 5.00 0.2153
42 477 5.56 7.56 75 5.1 0.1687
37 753 278 478 75 5.20 0.2750
32 714 0 5 75 5.2 0.2607
27 539 -2 78 5 75 5.2 0.1968
22 334 -5.56 5 75 5.2 0.1220
17 354 -8.33 5 75 5.2 0.1439
12 333 -11.11 5 75 5.2 0.1216
7 274 -13.89 5 75 5.2 0.1001
2 205 -16.67 5 75 5.2 0.0749
a5 -19.44 5 75 5.2 0.0347
Bb6 -22.22 5 75 5.2 0.0314
-13 27 -25 5 75 5.2 0.0099
-18 18 -27.78 5 75 5.2 0.0066
-23 3 -30.56 5 75 5.2 0.0011
-28 1 -33.33 5 75 3.2 0.0004
TotalHours  E763 COP refrigeration 2.98




Other aspect of CO, systems

* Pressure during operation

* Pressure during "stand still”

 Defrosting methods

* Pressure tolerances for safety valves (10 — 15 %)
« Codes and regulations B-52, B-31

e Contamination with water



Pressure rating of CO, systems

Typical working pressure between 15 and 35 bar, Low temp
cascade

MWP 40-50 bar, depending on defrost ( Cascade and Brine)

Stand still pressure could rise up to 85 bar (or even higher) if
not taken care of — mitigation is required

Stand still unit is a simple and cost effective method to
address the issue

Please be careful when using copper piping. MWP of copper
pipes could vary a lot depending on the wall thickness



Design Pressure in CO, Systems

)



B-52 code

B5251-0% © Canadiaon Standards Association

Table 4 (Concluded)

Minimum design pressure (gauge*)

Low side High side
Water- or

Refrigerant evaporator-cooled Air-cooled

number kPa psig kPa psig kPa psig
R-407D R-32/125/134a (15/15/70) 058 139 1415 205 1874 272
R-407E R-32/125/134a (25/15/60) 110 160 1612 234 2123 308
R-408A R-125/143a/22 (7/46/47) 1125 163 1633 237 2139 1o
R-4094 R-22/124/142b (60/25/15) 749 109 1Mo 141 1281 186
R-4098 R-22/124/142b (65/25/10) 798 116 1179 171 1560 226
R-4104 R-32/125 (50¢50) 1626 236 2343 340 1064 444
R-411A R-1270/22/152a (1.5/87.5/11) 922 134 1357 a7 1792 260
R-4118 R-1270/22(152a (3/94/3) 74 141 1428 207 1881 273
R-411C R-1270/22/152a (3/95.5/1.5) Q89 144 1449 210 1908 277
R-412A R-22/218/142b (F7O/5/25) B&d 125 1257 182 1647 239
R-413A R-218/134a/600a (9/8E8/3) 731 106 1095 159 1463 212
R-414A R-22/124/600a/142b 723 105 1070 155 1415 205

(51/28.5/4/16.5)
R-4148 R-22/124/600a/142b KAl 104 1065 155 1412 205
(5039/1.5/9.5)

R-4154A R-23/22/152a (5/80/15) 1026 149 1480 215 1929 ZB0
R-500 R-12/152a (73.8/26.2) 705 1oz 1050 152 1395 202
R-502 R-22/115 (48.8/51.2) 1112 161 1594 231 2077 01
R-503 R-23/13 (40.1/59.9) 4253 617 4253 617 4253 617
R-507A R-125/143a (50/50) 1243 180 1803 262 2373 144
R-508A R-23/116 (39/51) 959 574 1959 574 1959 574
R-5088 H-23/116 (46/54) 3821 554 iaz1 554 a2 554
R-5004 R-22/218 (44/56) 1190 173 1708 248 2218 22
R-717 Ammonia 951 138 1473 214 2016 202
R-744 Carbon dioxide 7275 1055 7275 1055 7275 1055

R-1150 Ethylens 4938 716 4938 716 4938 Fal




B-52 code

5.5 Design pressures

5.5.1

One of the following methods shall be used to determine the design pressure of the different parts of the

refrigeration system:

(a) Method 1 — The minimum design pressure shall be not less than 103 kPa (15 psig) and, except as
specified in Clauses 5.5.5 to 5.5.7, shall be not less than the saturation pressure corresponding to the
following temperatures:

(i) low sides of all systems: 27 =C (80°F); and

(i} high sides of
(1) water- or evaporator-cooled systems: 40 °C (105°F); or
(2) air-cooled systems: 52 °C (125°F).

The corresponding pressures for refrigerants in common use are specified in Table 4.

(b) Method 2 — For carbon dioxide refrigerant, when used in the low-temperature side of a double
direct (cascade) system, volatile direct system, or transcritical system, the design pressure shall be
20% higher than the saturation pressure at its warmest location in the circuit under maximum
operating conditions (e.qg., startup or defrost conditions). The designer shall make provision for
normal and emergency standstill conditions:

(i)} through provision of a fade-out vessel;

(i) by means of safe, controlled venting, utilizing a pressure-regulating relief valve, of the secondary
charge; or

(iif) by other means, such as relieving pressure safely to a lower pressure part of the system or
auxiliary-powered condensing unit.



Pressure handling at Stand Still

., T~
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CO, pressure
regulator, purge to
the atmosphere

Condensng unit



2,0
1,8
1,6
1,4
1,2
1,0
0,8
0,6

Pressuredrop: [bar] / 1*fC]

0,4
0,2
0,0

Pipe sizing for CO2 systems

Pressure drop corresponting to 1 °C

R717

— A R134a

/

-50 -30 -10 10 30

Saturated temperature °C

Pressure drop in bar corresponding to 1 °C

Saturated temperature [°C]

-50 -40 -30 -20 -10 0

10

Pressure drop [bar] / [°C]

0,283 0,375 0,485 0,614 0,761 0,930

1,124




Defrosting

« Most typical defrosts for CO, brine
systems:

— Electrical (similar to standard brines)
— Brine defrost (additional system)
— Water defrost (drain required)

— Hot gas defrost (requires additional vessel and
HE heated by HP stage)



Principle diagram: CO,-NH, cascade system
Hot gas defrosting — CO, high pressure compressor

CO, high pressure compressor

CO, Compressor

D<] Dry suction /Q\ ——
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COZ A NH3

heat exchanger



Principle diagram: CO,-NH, cascade system
“Other” defrosting methods

Electrical or Glycol heating
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CO, Compressor

Dry suction
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Oil management system for systems
with soluble (miscible) oils

[ \

\ Co, receiverj

u—»—%—%—i%

Oil Rectifier

Cascade
Cooler



Water in CO, systems

@ 9 - &

H
Co, H,0 H,CO,

Carbon dioxide Water Carbonic acid

A 'n >
H.CO, HCO,
Carbonic acid Water bicarbonate

\/

If water is
present in CO,
systems, water
reacts with CO,
and creates
Carbonic acid.

The
concentration is
depending on
the water content

\ Stronqg acid




Toxicity and safety precautions in
CO2 systems Industrial
Refrigeration



Classification

» Natural substance
Refrigerant classified as non-toxic and non- flammable fluid

2 Caonadlan Stondards Assodiation Supplement No. 1 to BS2-05, Mechanical refrigeration code

Table 1
Refrigerant classifications and quantities
(See Clauses 4.3.2, 4.4.1, 4.5.2, and 4.6.2.)

Cruantity of refrigerant per occupied space”

Refrigerant 1b/1000  Limited TLV®/
number Chemical formula  kg/m*  Vol. % fi% by TWaAS
Group Al, Single Fluld
R-11 Trichlorofluoromethane  CCI5F 0.0256 040 1.6 Cardliac 1000
R-12 Dichlorodifluoromethane CCIGF; 01520 4.00 120 Cardlac 1000
R-13 Chicrotrifluoromethane  CCIF, 0.2976 6.91 18.6 Cwygen 1000
R-13B1 Bromotrifluocromethane CEBrF5 0.3520 5.70 220 Cardlac 1000
Halon 1301
R-14 Tetrafluoromethane CFy 0.2528 6.91 15.8 Oxygen —
Carbon tetraflucride
R-22 Chloredifluoromethane CHOIF; 01504 420 0.4 Cardlac 1000
R-23 Fluoroform CHF; 02000  6.91 12.5 Owygen 1000
R-113 Trichlorotrfluorcethane COLFCCIR; 0.0304 040 1.9 Cardlac 1000
R-114 Dichlorotetrafluoroethane  CCIFCCIF; 01504 2,10 9.4 Cardlac 1000
R-124 1-Chlora-1,2,2,2- CHOFCF; 01136 2.00 71 Cardlac 1000
tetrafluoroethane

R-134a 1,11, 2-Tetrafluoroethane  CHaFCF5 0.2064 & Cardlac 1000
R-744 Carbon dioxide 0y 0.0 5.00 5.7 IDLH 5000




Safety aspects

NH, co,
TLV 25 ppm 5.000 ppm
(Threshold Limit Value)

STEL 35 ppm 30.000 ppm
(Short Term Exposure Limit)

Revised IDLH 500 ppm 40.000 ppm

(Immediately Dangerous to
Life and Health)

LFL 15% Non Flammable

(Lower Flammable Limit)

Group B2 - Toxic Al - Non Toxic
(ASHREA, 1992)

Ref: NIOSH



Safety Aspects of CO,

Carbon dioxide replaces air, and causes lack of oxygen. At presence of sufficient oxygen, CO2 has a narcotic effect
at stronger concentration. With smaller amounts, CO2 has a stimulating effect on the respiratory center. Due to the
acidic characteristics of CO2, a certain local irritating can appear, particularly on the mucous membrane of nose,
throat and eyes as well as induce coughing. The symptoms associated with the inhalation of air containing carbon
dioxide are, with increasing carbon dioxide concentrations.

The data, valued for adults with good health, are as follows:

= 0,04% Concentration in the atmospheric air

" 2% 50% increase in breathing rate
= 3% 10 Minutes short term exposure limit; 100% increase in breathing rate
» 5% 300% increase in breathing rate, headache and sweating may begin after about an hour

(Com.: this will tolerated by most persons, but it is physical burdening)

= 8% Short time exposure limit

» 8-10% Headache after 10 or 15 minutes. Dizziness, buzzing in the ears,blood pressure increase,
high pulse rate, excitation, and nausea.

= 10-18% After a few minutes, cramps similar to epileptic fits, loss of con-sciousness, and shock
(i.e.; asharp drop in blood pressure) The victims recover very quickly in fresh air.

» 18-20% Symptoms similar those of a stroke.



SUMMARY

CO, is a natural non-toxic/non-flammable substance
CO, is arelative unreactive refrigerant

The acceptable water content in CO, systems is much lower than in
other refrigeration systems.

“All” reaction involving CO, need water to take place.

Controlling the water content in CO, systems are very important and
efficient way to avoid reaction with CO,

Water, oxygen, oxides, oil, contaminants and system metals are the
most important chemical reactants. Also in systems with CO,



Conclusion on CO, Technologies

Potential applications with CO, technology in
medium to larger commercial and industrial systems

« Sub-critical cascade systems / secondary fluid in large commercial and
industrial refrigeration
— Technology already implemented with great results
» Trans-critical applications e.g. in supermarkets and rinks
— Numerous installation in supermarket , very promising results on 6
rinks actually in services

— Issues: Demanding compressor & component technologies,
COP (EER) at high ambient conditions, pressure levels, discharge
temperatures, more complex system technology & control



Conclusion on CO, Technologies

Potential applications with CO, technology in
medium to larger commercial and industrial systems

« Hot water heat pumps & systems for drying processes
— Domestic hot water heat pumps and district heating projects
» Already series production in Asia
— Medium to larger systems already in use in Canada and US and developing
— In general = favourable conditions with CO,
« High gas cooler inlet & low outlet temperatures
» High COP due to large enthalpy difference

Finally, CO2 appears to be an excellent and efficient
solution to HFC replacement and adress the security and
safety concerns of ammonia instalations



