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Impact of refrigeration

Indirect CO2 emissions: 6
In Germany about 14% to 19% of total electrical powe@used in a refrigeration process

Average life cycle is 15 years and life cycle cost is gc\
» Need for efficient and long-lasting squtio%

ted

Direct emissions of refrigerants:

= ODP —0Ozone Depletion Potential (1/

= GWP — Global Warming EotentlaQ
= PFAS/TFA — persistent polludd e environment

> Use of natural refrige&

NATURAL REFRIGERANTS ONLY
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Laws on refrigeration equipment

1. F-Gas-Regulation (EU) 2024/573
- 2024 Q

O
2.PFAS draft for REACH b‘\&
&V
o
D
3. Energieeffizienzg ‘Q‘z - EnEfG
- 2023
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SN Amtsblatt
B der Europiischen Union

2024/573

VERORDNUNG (EU) 2024/573 DES EUROPAISCHEN PARLAMENTS UND DES RATES

vom 7. Februar 2024

iiber fluorierte Treibhausgase, zur Anderung der Richtlinie (EU) 2019/1937 und zur Aufhebung der
Verordnung (EU) Nr. 517/2014
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Gesetz zur Steigerung der Energieeffizienz in Deutschland

(Energieeffizienzgesetz - EnEfG)
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Refolution in Liquefaction

Cold Water / Brine Chiller
R290 / Propane
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Waste gas stream

Solvent

© HOF-Sonderanlagenbau GmbH
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Blogas ..

l-Biogasproduktion mit Abwarmenutzung

Biogasanlage T

https://www.flaticon.com/free-icon /biogas-
plant_542461?term=biogas &page=1&p ositi
on=4&origin=search&related _id=542461

A5°C,

|
|
|
Abgasreinigung I
I
|
|

CO,-Verfliissigung

Kéltezentrale

https://www.flaticon.com /free-icon/

freezer _9272466?term=refrigeration

&page=3&position=78&origin=search
&related_id=9272466
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Heatpump = Refrigerator

benefit/ Q

COP =

*pixabay.com *https://www.hoepfner.de/wp-content/uploads/2023/06/hoepfner_hsuche.jpg
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How to recover energy?
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Beispiel aus der Praxis
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|[dealer Vergleichsprozess Carnot

COP Carnotprozess bei T, =20°C 6%
m <

Nutzen War Q\
\kg>

Nutzen Kalte
FUr positive Amortisation:

g Strom
cop> =

o
= Gas
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R&I-Schema der VertlUssigungsanlage von CO?2
<

@6 » Kuhlmittel:

e —bl/| e ‘\‘ |/| == ‘\]— Propan R290 fir
zgrtamerO eschnensum K T é == @ Kaltwasser und R744
| . Eﬁ% Q fir CO2-Verfliissigung
3 X e Q
— (E o
© »>CO02 Verflussigung:
D /(l/ sssssssssssss 60 kW / -35°C
M ' V) Ca e
. - ] »Abwirme: 45°C fir
v - 0 : Fermenter
Alwirme bel +45°C fr (attwasser ﬁng . O el Regeneration
R Q Gebiudeheizung
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Blogas ..

l-Biogasproduktion mit Abwarmenutzung

Biogasanlage T

https://www.flaticon.com/free-icon /biogas-
plant_542461?term=biogas &page=1&p ositi
on=4&origin=search&related _id=542461
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Thought Experiment
Air pump ? “‘ 6

TU
TU C TU
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Air refrigeration — Mirai Intex machine

Recuperator

Expander

Consumer
like cold room, heat

exchanger or process
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MODEL NAME MIRAI LNG 90
Refrigerant Nitrogen (R728)
Temperatur, nge From -40°C to -150°C
Rated m@ power 90 Kw
M I RAI LNG B Po @ply ~3 PE+N, 400V, 50 Hz
S OidR Tevel 75 dB
em cooling Water-cooled
Dimensions (L*W*H) 238 X232 X219 Cm
[ LNG 50 ] Weight of the machine 3800 Kg

Weight of the electrical cabinet 300 Kg
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70 - - =Total Power (cooling medium 35 °C) - = Total Power (cooling medium 12 °C) —=—Total Power (cooling medium -10 °C)
60 —~Cooling Power (cooling medium 35°C)  —Cooling Power (cooling medium 12°C)  —Cooling Power (cooling medium -10 °C)
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MCS0 LNG90
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. P=1,5bara
Propane chiller @ -5

°C ethylene-glycole T=20°C
Chart  Mirai P=1bara J, N /Q\ T=20°C
<} g \4/ P =30bara
(=== —————1,
I MIRAIMC90 LNG : 6
| i
| - |
' s
FWP1
[ ] [ ] : i
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|
|
|
|
= LY e
|
: T=-105 °C
| P=15bara
:___ State = superheated vapour

T=-85°C
P=30bara
IR
T=-100°C
P =30bara -Wros

T=-156,5 °C
P=1,5bara
State = saturated vapour

-JT-Valve

0,725 kWh/kgne
160 kg/h LNG
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t’s time for your questions
| Kk &

CEO
Refolution Industriekdlte GmbH

Tel: +491797860704
Thomas.Frank@refolution.de
www.Refolution.de
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NATURAL REFRIGERANTS ONLY
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