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* [ce rink introduction
* CO2 history

* Properties of CO2
* Heat recovery with CO2 systems

e Supermarkets with transcritial CO2 systems

* [ce rinks with CO2

 as secondary refrigerant — 1st generation
* as primary refrigerant — 1st generation
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i = Energy
Electricity
| 2
296 MWh osses 289

Cooling energy
453 MWh

Recovered heat
446 MWh

Gas cooler 135 MWh

Geothermal storage
35 MWh

* This ice rink is self sufficient with heat — no supplementary heat!
*~70% of the available heat is reclaimed
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i CARBONIC SAFETYSYSTEM | 1915-1995

I’ MEANS BEST L S ( First draft of patent

[l‘ ’ [ application on transcritical

| American Carbonic Machinery Co.
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* Phase 1 -1850to - ~1960
e Patent in 1850 to phase out in the 60s

e Phase 2 -~1988 - .........71

e Lorentzents work

22/08/2016 Jorgen Rogstam 5
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Revival of carbon dioxide as a refrigerant

Gustay Lorentzen
NTH, N-7034, Trondheim, Norway
Received 14 December 1993, revised 15 January 1994

In the present situation it seems appropriate to avoid as far as possible the use in large quantities of
substances that are foreign to nature and will unavoidably be lost into the biosphere. A ml:lch safer
philosophy must be to revert to ‘natural’ refrigerants: substances that are alt_’ea(_:ly present in our environment
and which are known to be harmless. One such possibility is carbon dioxide (CQ;), which comes very
close to being the ideal working medium, provided that a process to give competitive energy performance
can be designed. The paper presents some examples of how this can be done: . )
(Keywords: refrigerant; substitute; R12; carbon dioxide; cycle; air conditioning; automobile; heat pump; district heating)

* Phase 2 - Lorentzen’s work:
e Articles
* Patents
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157 ABSTRACT

High side pressure in a transcritical vapor compression
cycle system is regulated by varying a liquid inventory
of a low pressure refrigerant receiver provided in a
circuit of the system. The circuit includes a compressor,
2 gas cooler, a throttling valve, an evaporator and the
receiver connected in series in a closed circuit operating
at supercritical pressure in a high pressure side of the
circuit. The degree of opening of the throttling valve is
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controlled to regulate the high side pressure in the cir-
cuit. It is possible to control capacity, and it also is
possible to achieve minimum energy consumption for a
given capacity requirement by regulating high side
pressure.

26 Claims, 5 Drawing Sheets
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i e et ] st ganaration CO2 ice rink
v memnis | 9nqe &

Heat recovery (de-superheater)

Condenser/gas cooler

Expansion device X Compressor
Evaporator

v 1
[__ Liguid receiver ]‘ O O

Liguid pump O
"\

* CO2 as secondary refrigerant
* Mainly ammonia as primary refrigerant
* About 56 ice sheets in the world - 2015

22/08/2016 Jorgen Rogstam
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ol
 Sulzer installs the first ice == Qi
rink with CO2 as s =

2.3 Distributor 3.3 Cooling water trough
2.4 Pipe network

secondary refrigerant in S o Geeoe

1999 (Dornbirn, Austria)

* Ammonia as primary
refrigerant

22/08/2016 Jorgen Rogstam 9
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* First ice rink with CO2 as secondary refrigerant and copper tubes
in the rink floor (Katrineholm, Sweden, 2006)

e Ammonia as primary refrigerant

22/08/2016 Jorgen Rogstam 10
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MT refrigeration points

* Transcritical CO2 in supermarkets evolved from about 2003

* Example: Linde transcritical (TC) CO2 supermarket
installation from 2005

22/08/2016 Jorgen Rogstam 11
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Heat recovery (de-superheater) Heat recovery (de-superheater)

Condenser/gas cooler Condenser/gas cooler

Expansion device E( Compressor Expansion device X Compressor

Evaporator

F 3
[ Liquid receiver ]: O O (
Liquid pump O O Secondary refrigerant pump ’L

O
O

O
O
N

* CO2 as primary refrigerant (transcritical design)
* Direct — with CO2 in the rink floor
* Indirect — with a secondary refrigerant in the rink floor

e About 25-30 ice rinks in the world - 2016

22/08/2016 Jorgen Rogstam 12
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* International Ice Hockey
Association handbook, 2002

* Proposed to use CO2 as
refrigerant in 2002

22/08/2016 Jorgen Rogstam 13
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* Proposed 2nd gen COZ ice rmk in Sweden with CO2 as
primary refrigerant

 Alternate tender (Katrineholm, SE, 2006)

22/08/2016 Jorgen Rogstam 14
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* Proposed 2nd gen ice rink in Canada with CO2 as primary

refrigerant (Maykawa, CA, 2007)

22/08/2016 Jorgen Rogstam

15



The 12th IR Edinburgh

Gustauv Lorentzen 21st-24th August

Natural Working Fluids
Conference 2016

AV,

2"d generation CO2 ice rink

:I-
@
— _ S =
(85 B S, [' p— ']
E]ﬂﬂ:-i - ; 1'92l-<"ul'
: = .

&
e -mku
I e
KAL) g
an ;.
4| a0 ﬁ
ae @-r,_ | ; D“ - O
s | si Al AT
Y D e
o] ot A==
: N reaon T e

| | urrl HaNT mnn

* Proposed 2nd gen COZ ice rink in Denmark with CO2 as
primary refrigerant

* Alternate tender (Gentofte, DK, 2010)

22/08/2016 Jorgen Rogstam
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First Place: Industnal FaC|I|t|es or Processes, Existing

““This arbicle was published in ASHRAE Journal, Masch 2012. Capynght Fldhgr&'\g.ld ir-Conditioning Engineers, Inc. Posted
at www.ashras org. This a mduﬂuymbemped-diaww mﬂl about
ASHRAE Jounal, visit wwweashrae.crg.
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* First 2nd gen ice rink to be
realized in Canada with
CO2 as primary refrigerant
(St Gedeon, CA/QC, 2010)

* Retrofit of a R22-system Ice Rink Uses G0, System

By Luc Simard, Associate Member ASHRAE

Arena Marcel Dutil, Les Coteaux, QC, Canada, is the first ice rink in the world to use a CO,-based refrigeration system.

22/08/2016 Jorgen Rogstam 17
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Compressors 7.
Qil Separator 8.
Heat Exchanger CO,/Glycol 9.
Outdoor Gas Cooler 10.
Low Pressure Liquid Receiver  11.
Liguid Pump 12.

Auxiliary Condensing Unit 13.

Auxiliary Condensing Unit

Heat Exchanger

Hot Water Heat Recovery Pump
Double Wall Heat Exchanger
Expansion Tank

Warm Glycol Heat Recovery Distribution Pump

Warm Glycol Heat Recovery Circulation Pump

[

Water Inlet

Gedeon 2010)
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» Skid with integrated receiver tank (3 m?), 7 compressors and heat
recovery equipment

22/08/2016 Jorgen Rogstam
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B 3 3 ‘:;.,\jms ‘m‘s P F;M"d tem is the centerpiece .
ust 2015, Copyright ASHRAE. ot www.
1 be copied an wywinmmwlhu of the renovation of the

hermabc w-m,w-imdm.ug. il 225.““2(21 000 mZ) Dollard-

- des-Ormeaux Civic Centre. CO,
e " L
is used to heat the standsofthe

civic center’s three ice rinks,
~ with the CO, coils installed

| FIRST PLACE
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COs™»NoOwecase
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* First realized indirect 2nd gen ice rink in Canada with CO?2
as primary refrigerant (DDO, CA/QC, 2012)

22/08/2016 Jorgen Rogstam 20
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e ..the advantages were demonstrated and proven in supermarkets...
...heat reclaim is even more important in ice rinks as in supermarkets...
...the system solution is the same as with ammonia and R22

On the other hand:
* ..the components were primarely developed for smaller systems..
e ..in 2006 it took 12 compressors to achieve 300 kW (MT)

So the answer is...
* ..noice rink customers were ready to take the risk....
« ...and/or the somewhat higher cost for installing a trans-critical CO2 system.

There was simply no demand for these systems until...
e ...the confidence in the technology grew...
» ....the cost of components/systems decreased which opened the market for the

2nd generation CO2 ice rink refrigeration systems
22/08/2016 Jorgen Rogstam 21
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) of CO2 as refrigerant” - Norway
1993

1993 1995 1997
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Time line - CO2 systems in ice rinks

Indirect trans-critical

} €02 icerink - Canada
2012

IIHF proposes CO2 as primary
) refrigerant in ice rinks
2002

Direct trans-critical

Linde trans-critical CO2 ) CO2 icerink - Sweden

} supermarket system - Switzerland

2014
2004
Direct trans-critical
€02 as secondary refrigerant ’ CO2icerink - U.S.A.
} and copper tubing - Sweden 2015
2006
. o . . Indirect trans-critical
CO2 as secondary refrigerant Trans-critial ice rink Direct trans-critical CO2 .
o . o > C02icerink - Sweden
» in an ice rink - Austria ’ proposal - Sweden } ice rink - Canada
2015
1999 2006 2010
1999 2001 2003 2005 2007 2009 2011 2013 2016
A
Today

* The steps contributing to the evolution of CO2 in ice rinks

Joérgen Rogstam 22
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* The total number of 2nd generation CO2 ice rinks in operation
e 25-30in the world
* Most in North America —20-25
e appr. 20 in Canada (most in Quebec)
* 3inthe US (all in Alaska)
* Europe:
* 5in operation in Sweden - 2 more later this season
* One project in process in Norway
* "Interest” in Finland and UK

22/08/2016 Jorgen Rogstam 23
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Ice rinks represent combined cooling and heating demand
CO2 has favorable properties for heat reclaim
Transcritical CO2 systems primarily evolved in the supermarket industry
CO2 as secondary refrigerant has been in use in ice rinks since 1999
* referred to as 1t generation
Transcritical CO2 systems in ice rinks were proposed as from 2002
* and realized for the first time in 2010
Today the number of CO2 ice rinks is growing rapidly
* Energy system integration with adjacent facilities is an interesting next step in
utilizing the reclaimed heat
Ice rinks will go CO2 in the future.....!

Joérgen Rogstam 24
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Thank you for your attention!
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Tel: +46 8 550 102 10 + Cell: +46 768 58 15 45

Energi & Kylanalys AB, Varuviigen 9, 125 30 Alvsjo, Sweden www.ekanalys.se
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