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We are bolling our planet; the use of F-gas is one of many reasons
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Applications for F-gases

ANNEX XV RESTRICTION REPORT - Per- and polyfluoroalkyl substances (PFASs)
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Other or unknown applications )
‘ , ‘ Other or unknown applications
B Semiconductor, photovoltaics and other electronics manufacture

. . B Semiconductor, photovoltaics and other electronics manufacture
M Electrical equipment

M Electrical equipment

B Fire protection . q b

B Fire protection
Aerosols

B Foams, including pre-blended polyals

Aerosols
W Foams, including pre-blended polyols

Refrigeration, air-conditioning and heating and other ‘ ) o
heat transfer fluids Refrigeration, air-conditioning and heating and other
heat transfer fluids

Figure A.16. Intended applications of EU total supply of fluorinated gases, 2007-2019.
Reproduced from F-gas Report, Figure 4.7 and 4.8 (EEA, 2020).
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EU 517/2014
regulation about
fluorinated
greenhouse gases
(F-gases)

Year Phase-down percentage Average CO, equivalent
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1st generation (1830-
1930)
WHATEVER WORKED
Ethers, CO,, NH;, SO,,
HCOOCH,, H,0, CCl,,
CHCs, etc.

1928

Midgley and Kettering
Invented Freon -
CFC refrigerant

1920s

Series of fatal
accidents
caused by
refrigerant
leakage
motivates
industry to
search for new
refrigerants

1st generation

2"d generation (1931-
1990s)

SAFETY AND
DURABILITY
CFCs, HCFCs, HFCs, NH,,
H,0, etc. 1987
Montreal protocol
CFC and HCFC
phase out scheduled

1932

First
self-contained
home air conditioning
unit presented

The "Freon”
Trademark 1is registered

1974

First publication
on CFC ozone
depleting effect

2" generation

37 generation (1990-

2010s) Caverion
OZONE Building Performance
PROTECTION

HCFCs, HFCs, NH;,
H,0, HCs, CO, etc.

4™ generation
(2010s-ongoing)

1996 LOW GWP
HCFC HFOs, natural
phase-out refrigerants, ???
started
2030
1997 HCFC phase out
expected

Kyoto protocol
FCs and HFC included

2006

The largest Antarctic
ozone hole recorded

3rd generation 4t generation

| 1900

: 1950

|
2000 2050

4 generations of refrigerants (Makhnatch, 2018)
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HFC/HFO & Sunlight forms TFA

(Tri Fluoroacetic Acid)

And/or new even stronger greenhouse gases

R1234yf 100% TFA
R1234ze ~10% TFA
R134a NZO% TFA Atmospheric degradation

Fluoro chemical + OH = intermediate Hydrolyzed
product CF4CFO

CFsCFO + atmospheric moist 2
CH3CO(O)H (TFA)

R1234ze is low GWP & TFA, but due to

photodissociation in the atmosphere it form ~10% of
strong greenhouse gas R23.
(H FC R23 GWP 14 800) Halogenated emissions to the atmosphere

Result is equal or stronger impact to global
warming compared to high GWP refrigerant.

Fresh water Arctic ice

Fluorochemicals used for production, refrigerants,
Please note ’ pharmaceutics, pesticides, propellants, etc.

Research is ongoing so many uncertanties and still much to learn as of
today



HFO transform to f

Figur 1: Bild av glasburk med polymeriserad HFO1234yf (?).
Skummet bildades ndr en slang frdn en kéldmedieflaska med
R513A riktades ner i burken och flaskan oppnades kort fran
vdtskesidan,

FKTHS

& verenskap

oam from

Polymerisering av HFO,
ett problem att rakna med?

Fér nigon méanad sedan fick vi till KTH frdn en indu
strikontakt en koldmediecylinder innehdllande R513A,
Detta ar ju en blandning bestaende av 44% HFC-134a
och 56% HFO1234yf, Problemet med just denna cylin
der var att den gett ifrdn sig ett vitt skum som genast
hardnade i kontakt med luften, se Figur L. Vi hade
redan tidigare hort talas om att detta kan handa, men
inte sett det sjdlva, eller hart att det hant i Sverige.

For att ta reda pa vad skummet bestod av kontak
tade vi kollegor pa kemi-institutionen, specialiserade
pa polymerer. Polymerer ar det vi i dagligt tal kallar
plast, och processen dd molekylerna i utgangsam-
nena [or plasten slas ihop kallas polymerisering, Var
formodan var att kéldmediet polymeriserat i flaskan,
eller att ndgot i flaskan gjorde att polymeriseringen
startade nar kéldmediet slapptes ut. Kemisterna pa

Jlasburk med polymeriserad HFO1234yf (7).

Figur 1: Bild oy

Skummet bildades nar en slang frin en koldmediefloska med

R513A riktades ner i burken och flaskan ¢

ppnades kort frdn

cosidan.

polymerteknologi holl med om att detta var en rimlig
férklaring. Med deras terminologi ar HFO1234yf "en
omattad monomer som kan polymeriseras”. En forsta
analys av det skum som kom ur flaskan har nu genom
forts och ndgra slutsatser kan dras ur dessa.

Analysmetoden kallas FTIR och &r en spektrosko-
pisk metod med vilken de ingdende molekylerna

och molekylgrupperna i ett amne kan faststallas.
Samtidigt ger analysen besked om vilka tankbara
molekyler eller grupper som inte finns i provet. Provre:
sultatet erhalls i form av en kurva med toppar for vissa
vaglangder, och topparna motsvarar olika kemiska
bindningar. | korthet konstaterades att provet sanno-

likt innehall kol-fluor-bindningar och mindre mangder
kol-vate bindningar, vilket stdmmer med HFO1234yt,
men ddremot inga kol kol dubbelbindningar som
normalt finns i HFO1234yf. Den prelimindra slutsatsen
ar darfor att skummet bestdr av polymeriserat
HFO1234yf

Att kolkedjor med dubbelbindning kan resultera
polymerisering a¢ ingen dverraskning. | sokandet efter
nya koldmedier som ersattning for CFC fanns dven
HFQer med pa listan dver mojliga alternativ. Dock
avfirdades dessa eftersom man bedémde att dub-
belbindningarna skulle innebara att molekylen inte
var tillréckligt stabil. Senare, nar HFC skulle erséttas,
sokte man molekyler som hade kort livslangd i atmos-
faren och darmed agt GWP. (GWP har ju av tradition
riaknats som den effekt pa den globala uppvarmning:
en som amnet har under en period av 100 &r, jam(6rt
med koldioxid. Ett mne som snabbt sonderdelas
far da ett lagt GWP som medelvérde under denna
tidsperiod), HFOer blev da ater intressanta alternativ,
om stabiliteten kunde visas vara tillrackligt god. | de
flesta fall har det ocksa visat sig fungera. HFO1234yf
ar ju standard i de flesta nya bilars AC system i Europa
sedan snart tio ar.

Detta ar dock inte f6rsta gdngen som problem
med polymerisering rapporteras. | den vetenskapliga
litteraturen finns ett antal artiklar som beskriver
detta, och aven tankbara orsaker, | en artikel (Leehey
& Kujak, 2023) anges att polymeriseringen i ett
fall sannolikt berodde p3 lackage av peroxid fran
packningsmaterial. En annan artikel beskriver att
polymerisering forekommit vid tester av kéldmedium,

Polymerisation

utan att foresla nagon orsak (McLinden & Perkins,
2023). Mer detaljerad information om problemet finns
i ett tekniskt meddelande fran Mahle (Mahle, 2023)
Dér sags att orsaken inte ar klar, men att fukt och hog
temperatur sannolikt ar orsaken till polymeriseringen
Man skriver ocksa att ventilen pa flaskan ska oppnas
torsiktigt nar manometerstallet ansluts eftersom
haftig tryckstegring kan ge polymerisering. Vidare
ska slangar och packningar som innehaller peroxider
nte anvandas och kdldmedier ska tas fran tillforlitliga
kallor.

Generellt kan sagas att polymerisering oftast
startasi ro av en katalysator, dvs elt amne som
paskyndar en kemisk reaktion utan att sjalv forbrukas

Amnen som normalt anvinds som katalysatorer
for polymerer finns inte i koldme er
koldmedieflaskor. Vad som orsakar polymeriseringen
i dessa fall rinte helt utrett. Tankbara dmnen skulle

kunn

vara ndgon bestandsdel | oljan, ndgon kompo-
nent (t.ex. peroxid) som l6sgors fran packningsma-
terial (Leehey & Kujak, 2023) eller méjligen bara fukt
Reaktionen behover heller inte ga 3 18ngt somi Figur
de molekyler kallas

1. Mindre antal sammankopp
oligomerisering (Figur 2), och s3dana molekyl-kom
plex kommer inte att férgasas utan samlas sannolikt |
npressoroljan
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Det bor ocksé pdpekas att polymerisering ar inte
den enda kemiska reaktion som omnamns i litteratu-
ren nar det galler HFO. Dubbelbindningen gor dessa
inherent instabila och aven andra reaktioner kan
férekomma. Dessa kan paverka sammansattningen
av koldmediet/blandningen, men ar kanske inte
ika uppenbara som i fallet med bildandet av fast
polymer-skum

Chemours, som tillverkar RS13A, har naturligtvis
ned metaller och

ocksa utrett kompatibiliteten
polymerer. Resullaten finns tillgangliga pa nétet (Che-
mours, 2017) . Inget ndmns hdr om pelymerisering och
stabiliteten i alla genomforda tester anges som god

Dock ndamns att kéldmediecylindrar aldrig f3r utsattas

for temperaturer dver 52C°,

Vi kommer att fortsatta utreda orsakerna till poly-
merisering av HFO-koldmedier och arintresserade
av att f3 del av alla erfarenheter ni |3sare har, dér ni
misstanker polymerisering eller dar kéldmediet har
uppfort sig ovantat. Pa institutionen for Energiteknik
har vi tillgang till gaskromatograf, vilket r ett bra
redskap for identifiering av kbldmedier, men vi
samarbetar ocksd med kemi-institutionen och kan fa
hjélp ddrifrdn med vidare analyser och med att tolka
resultaten

Figur 2:Vdnster: HFO1234yf,

héger oligomerisering av HFC

dyf, tre sommankopplode molekyler
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EU 517/2014 vs EU 2024/573
Phase out of CO, quotas

200,0
180,0

160,0

-— -—
o X}
o o
o [=}

Mton CO, equivalent

o

140,0
80
60

‘I‘llllll |
0.0 Illllll....---------------

40
20
201520162017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2048 2050

EU 517/2014 EU 2024/573 (possible) extra quotas

o

o

o

QD

SVENSKA
KYL&VARMEPUMP
FORENINGEN



Caverion

Building Performance

Almost 200 years of refrigerants Back to start

HCFC

1970
Discovering the ozone

depletion process

1987
Montreal protocol
on CFC and HCFC

Considerable market
changes has started

2\
/

/s
X

HFC Q Y CcFC
1930-1950
1995 Safe refrigerants
Global warming
potential becomes

an issue

Regulatign 2024: The third EU F-gas regulation
2024: US phase-down and Technology Transition rule

2025/ 27: Potential restrictions relating to PFAS

Naturals
Naturals & Low GWP Synthetics

1834
2016 Montreal Protocol Kigali amendment

Invention of vapor

compression process
4 generations of refrigerants (Danfoss 2024)
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Multi-purpose Multi-purpose Industrial/Process
Flammable High pressure Poisonous
<500kW 1kwW - 5MW >1IMW
R290 (C;H,) R744 (CO,) R717 (NH,)

Propane Carbon dioxide Ammonia
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Since Multi-purpose, not flammalble nor poisonous,
use of CO, as refrigerant increase dramatically.

Supermarkets started 15 years ago.

P S

R744 (CO,)
Carbon dioxide



The 3 generations of CO, refrigeration systems for Caverion
supermarkets over 15 years.

Energy consumption compared to HFC/HCFC/HFO.

GEO energy storage
System design Integrated system

Efficient heat recovery Improvement



Integrated system with refrigeration, air condition & e :
. . averion
heat pump for space heafing and sanitary water

iTOP is the main control system that In MAx I
addition to controlling the ECO units

also handles heat and air conditioning ICA STORMARKNAD
to the facilities. STENHAGEN .
Supermarket 20wom Shopping mall
Gas cooler = ) S
7 — Specially designed heat tanks will provide the

S " building both with warm drinking water and with
heating. For the coldest day during the year an
electric boiler will assist with peak loads.

Gas coolers on the
rooftop for waste heat |

s AAA
AdA

Warm water > ——

Cold water

L ; ;

ECO units will provide cooling for
cabinets and rooms in the ICA store
while working as a heat pump (winter)
and air condition (summer)

Energy tank

ERP N

Ref. cabinets and cold rooms - : i
i E ‘7,1: 2 i

Hot water and heating Hot water and heating
of ICA Maxi Stenhagen the additional facilities

Sens energy storage is working like a battery. During
summer we charge it with energy by Subcooling the
Eco units. During winter we unload the storage to

heat the facilities. f

“~

Air conditioning ICA
Maxi Stenhagen

10 000m?




Traditional Boiler and/or HFC/HFO installation with
separated systems for heating and cooling ~  esneretomn

< g

y

Supplied energy vs Consumed energ%




Natural refrigerant infegrated system for heating and e :
cooling, reducing the supplied energy bt

Supplied energy vs Consumed energy
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¥ ...another interesting case study

 http://www.scribo.se/industribygegnaden-i-

kvarteret-fialar
!« 3000m? with Offices, Gym, Restaurant
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www.scribo.se

15-16/11/2022 - Brussels

#GoNatRefs


http://www.scribo.se/industribyggnaden-i-kvarteret-fjalar
http://www.scribo.se/industribyggnaden-i-kvarteret-fjalar

ATMO
Summit

> ...and the energy performances

-

Building energy consumption (before new reversible CO, heatpump)
. Heating (district heating) 221MWh
. Cooling (electricity) 13,5MWh

Building energy use with new reversible CO, heatpump
. Heating/Cooling (electricity) 71,1MWh

So, summary for energy consumption annually is
Before reversible CO, HP 234,5MWh
With reversible CO, HP 71,1MWh
Reduction 70%

15-16/11/2022 - Brussels

#GoNatRefs



ice skate arena, gas station, professional kitchen etc...  “averion

lce Rink B confrol

Running requirements State
Temperature Rink B GT14 -5.20°C
Temperature Rink B GT15 -4.70°C

lce Rink B Setpoint -/.0°C




Also, mobile/transport sector follow quickly with :
. . Caverion
COrS, TrUCkS, TrC“nS, Shlps. . o Building Performance

R744

Credits: ATMOsphere

Volkswagen Plans to Convert All Battery Electric
Vehicles to R744 by 2030

VW said it plans to move to the ‘PFAS-free’ refrigerant as quickly as possible ‘according to
technical feasibility.’

Newsletter

Thomas Trevisan February 9, 2024 Europe, Mobile Air Conditioning lin] L 4

E NATURAL

Refrigerants

NEWS & MARKETPLACE

In a public comment submitted regarding the European PFAS Restriction Proposal, the Volkswagen Group stated that it
plans to convert all mobile air conditioning heat pumps in its battery electric vehicles (BEV) models to CO, (R744) by
2030.

Sign up to our
“According to our objective towards environmentally friendly transportation we want to focus on our growing fleet of newsletter
BEV([s,] which will be converted as quickly as possible according to technical feasibility towards PFAS-free refrigerant

Get the latest products,
R744, explained the position paper.

news and analysis

about natural
Volkswagen already equips some of its BEVs with R744 heat pumps, namely its I.D. models. The automaker touts the refrigerants, cooling and

efficiency gains offered by heat pumps and the low climate impact of R744 compared to fluorinated refrigerants. heating solutions.



Test unit, supplied in container Caverion
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autumn 2021 to CERN (Schweiz) for
upgrade of ATLAS & CMS Z_~

“‘Supply liquid CO, below -45°C to detectors
Evaporation temperature @-53°C in cavern”

Surface buildings

CO2 Primary refrigeration
systems
£ On surface CO2 storage
5 3 d 2 5
" » tank
z 3 B 2
CO2 plants in
caverns
UXC-55
USA-15 Service cavern Experimental
e’ J cavern
: @ > | = \
P =i ) 8 "
T Concentric transfer lines

UX-15 Experimental cavern



Back to start:

Sustainable
Efficient
Safe

v Lower annual energy
consumption

(especially with integrated system design)

v Reduced climate impact

v' Contribute to futureproof
business

Caverion

Building Performance

Natural refrigerants

phase down
i =
B T
8BS
< Sustainable Technologies:
o = s « Environmentally benign
§ 2 » Safein use
+ Affordable
Kyoto
Protocol

1980

Danfoss: Refrigerant options now and in the future DKRCC.PB.000.B1.22
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