A lifecycle
approach to
refrigerants

Stambul, February 6, 2026

AAAAAAAAAAAAAAAAAAAAAA



PR () ZO N | Alifecycle approach to refrigerants 2

FUNDACJA OCHRONY KLIMATU

System of refrigerant collection, recycling,
and reclamation in Poland (RRR), organised
and run by PROZON, the Foundation for

Climate Protection.
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Krzysztof (KRIS) Grzegorczyk
President of the Management Board
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PROZON Foundation

The main objective was to meet the commitment of the Montreal Protocol to have a 3R
network (1996)

- Recovery, Recycling, and Reclamation network was created (3R)

* The Reclamation Center was created with a specialized laboratory

* More than 1000 contracts with R&AC services were signed

- The main financing for the equipment was by Global Environmental Fund (World Bank),
EkoFundusz, Founders: Air Products, Linde, Schiessl Polska

- 2500 RAC personnel were trained and received the ,Green Card” — 1998/1999
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PROZON in numbers.

20.000 special cylinders on the 5000 personnel trained for

1D

o ||

market certification
O0——1 2000 people accredited for F-gas
[ 6000 partners qIE'\_ certificates

2.500 tons of refrigerants collected (B SUOpEeEIe peeiEeline 60 HAEGeE
[[IE\_ certificates SFg certificates
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* Technical issues

2024 r. powstanie zaktadu 4R

RA04A,
R134a,

2014 r. zmiana nazwy na: PROZON RS07, R407

Fundacja Ochrony Klimatu

1996 r. utworzenie Fundacji Ochrony

Warstwy Ozonowe] PROZON
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Definitions

Recovery Reclamation
.Means the reprocessing of a
recovered fluorinated
greenhouse gas in order to
match the equivalent
performance of a virgin
substance, taking into
account its intended use;”
removing impurities above
AHRI 700 standards

.Means the collection and
storage of fluorinated
greenhouse gases from
products, including containers,
and equipment during
maintenance or servicing or
prior to the disposal of the
products or equipment.”
Evacuation of refrigerant from
the AC, HP, or refrigeration unit

Recycling

.Recycling means the reuse of
a recovered fluorinated
greenhouse gas following a
basic cleaning process.”

Basic cleaning process (not
tested result)

®<

Destruction

+.means the process of
permanently transforming or
decomposing all or most of a
fluorinated greenhouse gas
into one or more stable
substances that are not
fluorinated greenhouse
gases;” incineration

REGULATION (EU) No 517/2014 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 16 April 2014 on fluorinated greenhouse gases and repealing

Regulation (EC) No 842/2006
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The lifecycle of refrigerants

refrigerant
distribution of quality
product

1. Single
2. Azeotropic
3. Zeotropic
- — Sy
certification @ _|: : )

@ charging
recycling
4 .

| i )
ezl fis :
reclamation

recovery

destruction

aboratory test
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Recovery
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Laboratory testing



Kobiety w chłodnictwie - laboratorium.mp4
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Challenges facing the
industry soon

Limited availability of high-GWP refrigerants
Servicing is possible only with reclaimed
(regenerated) refrigerants

In many cases, the need to change the refrigerant
— retrofit

High GWP = high refrigerant price

High GWP = limited availability

Risk of purchasing from illegal sources

Risk of purchasing substandard refrigerants

Need to update and expand knowledge — safety

considerations

13
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Why the recovered
refrigerants require
reclamation?

Acids — destroying the installation

Wrong composition — energy consumption increases
Non-condensable gases — destroying compressors
Moisture — blocks valves and capillary

Solid particles — destroying compressors
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Testing refrigerants

Karl Fisher - coulometer

| Nr seryiny ] /11978
| | 22 November 2017
} R32 109919;2 2 Prg: 1 12:55:36 F
| | Licz. netto 618.51ug
! { Dryft: 3
Format wyniki ppm

Tryb obl . W/w
M. 5 .

Nr przebliegow
Maks i mum

Nr seryiny 711878
22 November 2017

Prg: 1 13:04:53 E

Licz. netto 604 .20ug

2 Dryft : 3

9 = Format wyniku pem

S Tryb obliczen W/w

M. calkow. 600.8300 ¢

Mesa tary = 592.8100 g

Masa probki 8.0200 s

Wynik: 75.34 pem

g 5 % i Nr przeblegow 1
RT [min]| Maks i mum 75.34 epm

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 Slnirun 2834 pex

23%, 25%, 52%
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Reclamation

- distillation, cleaning, condensing
+ removing non-condensable gases
+ adding missing components

+ homogenizing

16
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Laboratory test

« Nominal Composition

« Water content

+ Acidity

+ High boiling residues

+ Chloride

+ Non-condensable gases

+ Solid particles
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Quality of the products after
reclamation (407C)

50,146 Forma
M. {
Masy
Masa\ probkl

Wyni
2.7d
Aquamax KF v
Nr serylny 711878
18 November 2017
F'
Prg: 1 17:23:04
ergcz. netto - 48.28u?
Dl’ Vft 3
Formatbvynlt: ;s:
icz
Lr.vge?kow. - B02.5000 s
E L& Masa tary 594.2088 g
' . Masa probki 8.30 g8
02 04 06 08 1 49 14 16 18 2 29 24 26 g

Wynlk: 5.58 ppm
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High moistures — stages of the
reclamation

. Laboratorium PROZON Fundacja Ochrony Klimatu T SKEAD
PROZON e m—— Proces: REGENERACLR Proces:  REGE) ERACIR s
PROTOKGL BADAN LABORATORYJNYCH 3
rwu(u'g—muwnu REGENERACIA Honks KA2EN5 omlk 44t087 — | i e
NUMER PROTOKORU:  RL. [2017 / 54 = =3 Caynnik: QUOC Cynnik: Ry O7C R332, 26,85
Proces: ODPUR G LE  GAZEM Proces: FILTRACTA Data badania: A0, A4.204% Data badania: 2@, A1.2017 425 27,99
7 e T ]
Zoiornik: 44O Zbiornik: 42 WILGOTNOSC WILGOTNOSC =
| Zolomnik: 4024 lornik: 423629 I3 o RA3UQ u3,A 6
Caynnik: RUOHC Caynnik: RUOYC
= . — Udziat procentowy [%mas.]
Data badania: /6. M. 204% Data badania: 4§.44. 201 F Prg: 2 18:14:17 ¥ Pro: 2 10:32:48 |
WILGOTNOSC WILGOTNOSC Licz, netto 225.88ug Licz. netto 45,27ug
Dryft: ’ (] Deyft: 1
Format wyniku 7L Format wyniku PR
Tryb obliczin W Tryb oblic W
Prg: 1 19: F H. calkow. 862.3899 g H. calkow. Bp6
Licz, netto 3174.21ug Masa tary §51,4308 ¢ Hasa tar
Destt 5 Masa prodki 18,9688 i iipand
Format woniku  pen ¥ 9 Nasa probki
Trgb obliczen  Wu Hynik: 20.53 ppn

M. calkow 8623488 ¢
Masa lirq 853.2499 ¢
Hasa probki 9.8988 g
Wynik: 349.20 ppn

Prg: 2 19:48:12 ¥
Licz, netto 3312.85ug

Dryft: 4
Format wynfiu L]
Tryb oblicken Wu

M. calkow: 853.2499 ¢
Nasa tary 844.6088 g
Masa probki 2.6588 ¢

Woniki 382,89 pen

AsUana KF
i ,
7 Novanber 2077

| SREDNIA WILGOTNOSE [ppml: 6 &

SREDNIA WILGOTNOSC [ppml: 2R 2%

POZOSTALOSCI STALE: mietiane.

POZOSTALOSCI STALE:  nal

[%obl.J: 30

[Bobl.): 4o

| KwASOWOSC [ppm HC: €0

KWASOWOSC [ppm HCI): 4O
praemmaczenie: REGING RAC

Prg: 2 17:50:12 ¥
Licz, netto 98,499
Dryft: 1
Fornat wyniku ppn
Tryb oblipzen Ww
M. calkow| 882.5688 ¢
Nasa tary' 8786488 g
Masa probki 4.5208 ¢

Hynike 21.79 pn

POZOSTALOSCI STALE: ok,

Prg: 3 10:41:39 F
Licz. netto y45.15ug
Dryft / )
Format wynikd pon
Tryd obliczen W
M. calkow. 848.8209 g

Masa tary 835 8688 y
Masa probki. 5.8208 g

Hynik: 227 ¥on i

VSREDNiI; \MEo}uosc [ppm]: QV,M 6 P

SREDNIA WILGOTNOSC [ppm]: '4,ﬁq
POZOSTALOSCI STALE:  Lvak

POZOSTALOSCI WYSOKOWRZACE [%obi.J: 4

POZOSTALOSCI WYSOKOWRZACE [%obj.J: bral,

KWASOWOSC [ppm HCI]:

KWASOWOSC [ppm HCOI: Lol

Przemnaczenie:  DOPEXINE NLE

GAZY NIESKRAPLAJACE [%mas.): BQAK

Yuigrowone do
dhopelintena

Podpis:
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CERTIFICATE OF CONFORMITY

RELEASE DATE: CERTIFICATE NUMBER:

NAME AND ADDRESS OF THE CUSTOMER

SUBSTANCE Refrigerant R404A
(pentafluoroethane — R125; 1,1,1,2-tetrafluoroethane — R134a
1,1,1-trifluoroethane — R143a)

Quality assurance

WEIGHT OF REFRIGERANT

BATCH NUMBER
DATE
Quality specification:
e Composition: 42-46% by weight HFC-125 (R125)

2-6% by weight HFC-134a (R134a)
51-53% by weight HFC-143a (R143a)

e Impurities: < 0,5% by weight

e Water content: <10 ppm by weight
e Chloride ions: 0

e Acidity: <1 ppm by weight
e High boiling residue <0,01% by volume
e Airin vapour phase <1,5% by volume

e Particulates/Solids 0

Authorization:



2]

PR () ZO N | Alifecycle approach to refrigerants

AAAAAAAAAAAAAAAAAAAAAA

A lifecycle of
refrigerants

distribution of quality
product

_‘T‘_ = ™
certification @ > ‘s’:
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distillation & D

@
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reclamation -

destruction @ o v

Decision taking

:| recycling

x

charging

recovery
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Removing undesirable components or
separating mixtures
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Rotary kiln incineration

This method is widely used for destroying industrial waste, especially
resulting from oil and gas extraction.

Decomposition efficiencies of the ODS in this method shall reach 99.99%,
and none of the volatile organochlorine compounds must be formed.
The produced hydrochloric acid (HCI) and hafnium (Hf) with the
decomposition of ODS and HFCs must be entirely removed by the
existing treatment system, and concentrations of polychlorinated
dibenzo-p-dioxins and polychlorinated dibenzofuranes (PCDDs/PCDFs)
in flue gas shall be low enough with

a concentration in the atmosphere below 1%

Source: COPA
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Logistics
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Why should | recover refrigerants?

[ -]
ﬁ= Legislation @ Social responsibility Q Equipment available
* You have to recover! * To help protect our ozone layer * Recovery unit
c Need to have a e TObea responsib|e « Two way valve Cylinders
certificate professional * Reclamation &

incineration sites

9 Customers expectations @ Incentives
i~

+ Green card advantages + Avoid penalties

+ Public contract requirements « Earn money - $/kg

* Industry standards * Have a valuable product
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Key success factors for
RRR network

Supporting legislation

—

Reclamation Center

Dedicated Laboratory
Incineration facility

Pool of equipment for recovery
Collection points network

Good logistics

Technical training for personnel

© © N @ oA ®N

Public awareness

S

Making money on RRR
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Thank you and good
luck!
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