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Valuable Technology

Daniel Giguere, CETC-Varennes, AQME Trois-Rivieres, April 11, 2008
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For several years, carbon dioxide (CO,) has been
making a comeback in the refrigeration industry.

The goal of this presentation is to provide information on
the current status of the technologies and applications
that use CO, as a refrigerant or coolant. The following
points will be presented: a brief history of CO, in
refrigeration, its thermodynamic properties, safety
measures, industrial, commercial and residential
applications, and finally, some products available on
the market.
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Golden age of CO,

CO, transcritical cycle

First CO, refrigeration system:
Carle Linde
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J&E Hall: first CFCs History of CO,

two-stage CO, invented,
Initial concept of CO, refrigeration system 1928 (G. Lorentzen) of Norway
as arefrigerant
(Alexander Twining, Leeetttten, .. Montreal
British patent) < ’ ° protocol

Jan. 1, 1989
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The Thermodynamic
Properties of CO,
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= CO;is now present in the atmosphere in a
proportion approximately equal to 0.0375% in
volume or 375 ppmv (parts per million in
volume). However, this concentration is
increasing rapidly by about 2 ppmv/year as a
result of human activities involving the
consumption of fossil fuels: coal, oil, gas.

= CO, used in refrigeration is a by-product of
ammonia and hydrogen production processes

(Wikipedia).
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Refrigerant
Natural refrigerant
Ozone Depletion Potential
Global Warming Potential
Critical condition [psi/°F]
Boiling point at 15 psig [°F]
Boiling point at 400 psig [°F]
BTU/cubic foot at -40 [°F]
Saturated AT / AP = 1 psi at -40 [°F]

Flammability

Toxicity
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2005 ASHRAE Handbook—Fundamentals
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Refrigeration cycles under

critical conditions

» Cascade systems
DX systems
» Secondary fluids
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+86°F

R717/HFC404A

R717

Pressure

CO,-R717 HX

g
+86°F (171 psi)
CO, compressor ﬁ @

-4°F (28 psi)

(T _0-craon)

CO, - reservoir co,

Pressure

400
-40°F(135 psi

Enthalpy

-40°F
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Example of a Supermarket Application —
Medium Temp HFC / Low Temp CO; Cascade

-+ +MT RADMA™ : Cascade
N JR154a) DX Heat Exchanger ™~ ———

MT
T Comprassors

Comgeessors

L}
8 9 i | Alternative:
...... Sem"dar\‘
g E i ?yslem
L ==l i
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BENEFITS

Lower operating temperatures with higher production yields
Up to 33% better efficiency on the low side

Lower equipment cost

Lower installation cost

CO, is classified as nontoxic and nonflammable

No ammonia in working/process/storage areas

412 Railroad Avenue - PO Box 449
Federalsburg, Maryland 21632

Tel: 410.754.8005 - Fax:410.754.5813
www.mimrefrigeration.com

REFRIGERATION

EQUIPMENT - ENGINEERING - PARTS - SERVICE

Natural
Canada Canada
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CO, - Ammonia Cascade Systems

The innovative M&M Refrigeration CO,/Ammonia concept is based on a
cascade system that combines the advantages of CO, on the low-temperature
side and ammenia on the high-temperature side. Ammonia is limited to the
engine room. Only CO, will be present in working/storage area.

o]

| CO, circult | | NH, circult | »

+
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Differences CO2 versus R717 on the low temperature side at -58 °F, 134TR:

Co,

HPC104S  HPC106S H I'
o 0 3 x M&M HB6BT
(S84 (-58°F /45 °F)
4 2 4
183 HP 229 HP

Ot - Towic | Powts G

© ®
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Low operating costs at low temperatures. Compared with conventional two-
stage or single-stage systems with economizer, a CO, /Ammonia Cascade System
useas significantly less power in the temperature range from -30 °F to -60 °F.

BHP/TR comparison of CO;/Ammonia with conventional Ammonia Systems

I+l Canada

50% Part Load Full Load
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+30°C

[+86 °F] R717,R404, R134a, e

DX CO, system
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Example of a Supermarket Application —
HFC-CO,; Chiller / CO; Pump Circulation + Cascade

HEC-COy |
\_Chiler_, LT €O, DX

1 |
R @ |

]
Ir I
1} . I ' Compressors
| —[ CO; Recovar ' i
I L
| i | :
1T R leyco, Pumps : i |
: a2 e [ |
i g | Mmoo oy | :
oot Cumpormionn) | | |l |
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+30 °C
[+86 °F]
o R717
R717/HFC404A &
1%
0] ba
+86 °F (171 psi) '
f] -45°C (0.5 b_ar) ! :
4 =
Enthalpy
(I_o-ciaoa NO OIL
CO, - reservoir o
CO, g 2

1%

3 %]

CO, - evaporator &’

-40 °F (135 psi)
-40 °C [-40 °F] &
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Scarborough Supermarket

To Atmosphere

Backpressure
Regulator

LOW TEMP. RE!

¢

S,

HEAT RECOVERY LOOP
FRIGERATION SYSTEM

i

l_ i ©
CO, CASCADE
CONDENSER

CO, SEPARATOR/
RECEIVER

Co, PUMP

Law Temperaturt

Display Cas
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Transcritical
refrigeration cycles
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psi 95°F 203 °F

1302125 G@Y&% f&%@

580 -5 °C [22 °F]

435 / /
- 363

290 10 °F

Pressure

-40 °C [-40 °F]
-40 °F

145
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50) . - 1,450 psi

1308  PS! /1,305 psi
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R, 125°C

Compressor

FRssun [Bail

Sush Cooler

Cabiinet.
Exparmion
1 B T Vahea
Evaponsting
Troperamar
Diiplay Eabinets

Figurw 4. Supbfand Systemn Layout (Transcoteal Mode) Figure 5. System Cycle Pressure Enthalpy Diagram
RAC Cooling with Carbon Dioxide Conference 28 March 2007,A. Butler M.Inst.R, Space Engineering 23
Services, Causeway Central, Pioneer Park, Bristol, BS4 3QB
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The Application of Parallel Compression

Economiser Circuit "ECO"

@ Gas Cooler Ca

Ll . for Parallel
LIl Compression _|

Potential for
COP increase by —15%
@ 1, -7TC  tary 32°C
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Inflammabilité croissante

[ L [

Groupe

Inflammabilité utane
supérieure A3 B3
Inflammabilité
inférieure A2 B2 NH3
Propagation de la
flamme nulle Ercgm “ﬂtﬂ' _ B1
B Toxité Toxité
superieure inférieure
Toxité croissante Source: CS A
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Air contains between 0.03% (300 ppm) and 0.06% (600 ppm) carbon
dioxide depending on location. Carbon dioxide concentration increases
by 2 ppm per year because of human activities.
A person exhales about 4.5% (45,000 ppm) of carbon dioxide (in
volume).
The CSA B52 refrigeration code determines the maximum refrigerant
concentration in percentage by volume so that people can leave the
premises without immediate danger to life and health (IDLH). For
carbon dioxide, this value is 5%, or 50,000 ppm (5.7 Ibs/1,000 cu. ft.)
For example, a 50,000-square-foot supermarket that is 25 feet high can
;cajpcegt a quantity of 50,000*25*5.7/1,000 = 7.125 pounds of carbon

ioxide.
For refrigeration engineers or people exposed to refrigerants for eight
hours a day, the threshold limit value (TLV) they can withstand without
adversely affecting their health is 0.5% or 5,000 ppm.
Regarding air quality, 1,000 ppm causes discomfort in 20% of people.
At 2,000 ppm, discomfort is generalized and may cause headaches or
nausea.
Given that carbon dioxide is odourless, a detector should be installed in
a ventilated mechanical room.
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Design pressure depends on:

» Operating pressure
* System shutdown pressure

*+ CSA Code B52 - Refrigeration

* CSA Code B51 - Pressure vessels
and pressure piping
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Tableau 6.1
Pressions minimales* de calcul
(Voir les articles 6.2.1 et 81.2)
Pressiors minimales S calou (Manombine
Tl Faute pressie
208 bassa pression Fekod B Feau ou el 4 Tar
o daporation
Frigergboe Nom WFa it WPa [ oo’y
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A2 Chiorodducrométane w0 144 1454 a1 1918 278
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RA15 = 1048 152 1207 158 LT 252
RAZ) Cichion-2.2fluers1,1,1
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(R Tétahoorodtane 1,112 53 537 138 1202 186
BT Etrane azan B1E il 700 487 708
290 Progane ] 129 1206 188 1682 )
R-CHB etalurocycicbutane ™4 ] @ % 588 [
500 hiorodfiuercendthane, T3.8 %
fucnre Sithyicine, 262 703 02 1055 =3 1399 203
Resaz Chicrodflusromithane, 488 % et
Chicropentafivorodthane, 51,2 % 1110 1% 1569 m 075 an
RSO3 Triflusromathane, 40,1 % et
“hisretifioorométhane, S35 % 4253 ©y 281 617 43 &
R-800 -Buisre 155 k< 280 0 L
R-6008) x5 El e ] i ]
Rg11 Formiate de mithyle 103 15 103 13 103 15
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CO,pressure
regulator that
flushes out to
atmosphere

Pressure regulation
unit
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Applications: Products
Available on the Market
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Copeland CO, Subcritical Scroll
' Product Overview & Outlook

Wotor Tt
Model Size @ 100% Wesght
Hp et i ]
0 19 i 2 B K I
20 45 KAE 28 1n 54 2
20 58 K3E 34 13 LX) M
70 108 KCE [ 2 17 0

" Bracrsting -JE, Condmsing 11, Suction Scarimat 30K Subconing 0

000

Product Launch 2007

Future Product

6 0

Coning weh Carbon Cianide, 28 7 arch 2007, Page

S

Canada

EMERSON
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CO, Compressors for Trans-critical Applications — ,

= reduced heat transfer

Highly efficient and
robust working valves

= large cross sections

— improved compression

Measures for Improved Performance & Efficiency %
ECO [ ~
e Option for “Parallel Special adaptation of
= Compressicn” (ECO) 1 mator layout and
suction gas cooling
Separated HPILP
chambers

i
1
i 4-cylinder cylinder design,
optimized bore/stroke ratio
~ low vibration & sound

- best suited for VD

process
Extra low ofl canry-aver
Patent apphed = special centrifugal lubrication
HTZER 14] ] RACONT_Compr for COZ appécatioms. 13
Natural A
Canada Canada

-ritical Annli

€0, Comp for Suk
Measures for Improved Performanc

¢ & Efficiency  ®

Eatra lrw oo camy-cvee
- specal centrfugal Aibncanon

RALHIE? ot 0 s 11
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Fiimary Energy Consumption 0z Emission

CO2In meavear

Motor oco [

Compression Part o
- IRON Seroll
-33cc

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

CO2 Out

Figurs B Pocgrapis o varsen ECO0 CLTER

- - 250000
- =
g 200000
L .-_J Y E 150000
marsns T - £ 100000
e .I o- 3 50000
.I' o 0o 200z “2003 2006 2005
Five million of these will be installed in Japan by 2010. *Heat Pump i

+
Rl Mo g Canadid

Winter Intermediary Summer Yearly
(Dec.-Mar.) (Others) (Jun.-Sep.)

Ambient air temperature (°C)” 4.6 13.8 225 -
Tap water temperature (°C) 8.3 159 23.2 -
Hot tap water temperature (°C)* 65 65 65 -
Estimated system COP (-)*® 31 35 39 -
Hot tap water demand (MJ) 7369 5828 4291 17488
Energy consumption (MJ) 2378 1679 1115 5172
Estimated yearly average COP 3.4

*1 Temperatures are the average for each season.
*2 Heating capacity / power input to inverter of compressor motor
*3 Heating capacity / power input to heat pump unit (including input to air fan and water pump)

Table 1: Estimation of yearly average COP of the final prototype for a family living in Tokyo
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Figure 3= Carrier 60KW CO2 Heat Paump installed on restaurant roqf in Oregon

In 2000, no commercial freezers with scraped-surface

e CO, heat exchangers were available on the market. In

2001, Nestlé installed the largest CO,-NH; cascade
| system ever built in the past 50 years at the
Nescafé plant in Hayes, UK. Nestlé engineers and the
R&D department, in collaboration with key suppliers
such as Star Refrigeration (www.star-ref.co.uk), took on
the challenge of the in-house development of a first
CO, freezer to freeze coffee liqueur.
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Figute 1: Heat pump pretotype

Figure & Heat pump in commercial clothes drier (front and hack)

WATER HEATER DRYER
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heat
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8
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hot water storage w

refrigerant-pumps.

CO;-ground eollector

@ ROTEX

Figure 1. Scheme of the installed heat pump system (left), hot water storage (right)

Bl g oo oo Canada




Target Applications COl

| D
—d
Ice Cream 4
Conservation e

Air

Conditioning Cooling

oo -
fce Heat
Machines Pumps
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CO, Copper pipes
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CO, Copper pipes
T
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The development of products and applications
that use CO, has accelerated in the last 10
years.

These applications cover all sectors.

Low-temperature refrigeration and heat pumps
are especially promising .

Operating pressures can be high, but the
equipment is more compact and often more
efficient.

CO, is a natural refrigerant that is safe and
inexpensive. 46
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= |tis a refrigerant that can be used as an
efficient and safe secondary fluid for cold
applications.

= Subcritical equipment is available on the
market at competitive prices.

= Transcritical equipment is being developed.

= Every refrigeration equipment manufacturer
around the world is interested in CO, as a
refrigerant.

47
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Strong arguments Commerciall | |ngustrial

Supermarkets | refrigeration

Environment

Gradual elimination of substances that D
deplete the ozone layer, such as CFCs and HCFCs:

(ODP (Ozone Depletion Potential), GWP (Global Warming Potential) )

Safet

Toxicity and inflammability for systems using

large ammonia loads

Costs

- Lower operating costs because of D D
« energy efficiency of compressors and

« improved heat transfer
» Lower refrigerant costs
» Lower component volume 48

i+l
Bel o fessouces Canada




CO, is a HOT refrigerant.

Thank you.

Any questions?

c-dig, the carbon dioxide interest group

www.R744.com
http://www.heatpumpcentre.org
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