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Requirements for industrial refrigeration systems

International Regulations:
>  Adaptation of Montreal-Protocol (Kigali) => HFCs - reduction
>  Paris Agreement => climate neutral up to 2050; <2K up to 2100

> Investment
> Operating Costs
> Availability

> H F C Reg u Iati 0 n (F-Gas-Verordnung)
> Federal Imission Protection Law ense
> E n e rgy Effi C i e n Cy (Energieeinspar-Verordnung)
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Objective

Highest possible energy efficiency
Minimized refrigerant charge

Best availability

Highest possible safety standard
> Attractive investment costs
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ldeas and Solutions
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> NH,; - Pump Circulation System
> NH; - Indirect Cooling System
> NH, - RORO® - Plant Technology
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Applications of NH 5 - RORO® Plant Technology

NH, - Production cooling
NH, - Feezer

NH, - Medium Temperature - Store | ==
NH, - Low Temperature - Store  cqm.
NH, - KALINOR® Ice Bank

NH, - Liquid Cooling

P~ NH, - Plant Technol ith
e U rO m m \Q/ n Reduced ané Opt?rgizeedCRne?r?ggeyr;\rlwlt Operation 6

V V V V V V



Working Principle: NH ;- RORO® Plant Technology

> Liquid Separator

> Liquid Receiver

> Vessel Pump

> Pref. Piston Compressor

|||||||||
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Working Principle: NH ;- RORO® Plant Technology

> High Pressure Float Valve =

> LP + MP Liquid Separator =

> MP - Refrigerant Pump

> MP -1 Pump Pressure Line [o]

> LP-Vessel Pump | o
&
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Working principle: NH 5 - RORO® Plant Technology

Pump Circulation System

saturated suction gas evaporation HP - liquid

JHTHINL
<

suction line evaporator

1 nozzle

circulation rate approx. 2 to 4
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ROROQO® - System

superheated steam superheating evaporation HP - liquid

evaporator line

suction line

circulation rate approx. 1to 1,1




Working Principle: NH ;- RORO® Plant Technology

direction of flow

subcooled liquid bubbly flow plug flow foam ring flow r ing flow Spray flow Superheated steam

A
\ 4
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NH; — Pump Circulation n = 3-times

NH; — RORO®- operation n = 1 - 1,1-times

=~ NH, - Plant Technology with -
e U ro m m g n Reduced ané Optimized Refrigeyr;\r/:t Operation b




Working Principle: NH ;- RORO® Plant Technology

NH, - Pump System
A
Qo = 1448 kw 0
tc = +35 °C =
to = -6 °C

V = Qo/Ah X V"
1448 kW x 3600 s x 0,361 m3/kg

V' = T(1454-362) kWs/kg x 1 h
V = 1723,3 m3/h

eurammgn

/ |

NH; - Plant Technology with
Reduced and Optimized Refrigerant Operation

- >
hin kl/kg

11




Working Principle: NH ;- RORO® Plant Technology

0 = 1448 kW
8: — +35 °C NH3 - RORO®' SYStem
tu =10 K Vo = 1643,5 m3/h
to = -6 °C Vou = 79,8 m3/h
Qu = m x Ah ) SV = 1723,3 m3/h
Ou = 4775 kg/h x 53 kWs/kg x 1 h :

: 3600 s o
Qu = 7_0,3 kW
- _ Q_O %Y
VQo = Ah Vv /
Voo = 1448 kW x 3600 s x 0,361 m3/kg a
_ (1454-362+53) kWs/kg x 1 h
VQO = 1643,5 m3/h  Ah = 53 kJ/kg
Vou = 70,3 kW x 3600 s x 0,361 m3/kg )

(1454-362+53) kWs/kg x 1 h

Vou = 79,8 m3/h hin kJ/kg>
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Efficiencies of NH ; — RORO® - Plant Technology

Horizontal wet return line - MP:

Pump: Qo = 1448 kW; n = 3-times; to = -6 °C
« DN 150: Ap = 0,256 bar = 2,0 K

RORO®: Qo = 1448 kW; n = 1-times; to = -6°C; ti = 2 K
« DN 150: Ap = 0,079 bar = 0,6 K
« DN 125: Ap=0,178 bar = 1,4 K

Vertical wet return line - MP:

Pump: Qo = 1448 kW; n = 3-times; to = -6 °C
« DN 150: Ap = 0,313 bar= 2,4 K

RORO®: Qo = 1448 kW; n = 1-times; to = -6°C; ti = 2 K
« DN 150: Ap = 0,083 bar = 0,6 K
« DN 125: Ap = 0,183 bar=1,4 K

Vertical wet return line - LP:

Pump: Qo = 400 kW; n = 3-times; to = -40 °C
« DN 150: Ap = 0,107 bar = 3,0 K

RORO®: Qo = 400 kW; n= 1-times; to = -40°C; ti = 2 K
e DN 150: Ap = 0,025 bar = 0,6 K
e DN 125: Ap = 0,054 bar = 1,5 K

Coolselector2
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10 m

GOOD TO KNOW

> Compensation of the superheat of 2K
> Approx. 5% efficiency increase at MP
> approx. 8% efficiency increase at LP
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Facilities example: NH ; — RORO® - Plant Technology
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Valve station and pipe work outside the cold store

Hermetic stainless steel pipe work inside the cold store

Zone cooling by connecting of the evaporators pairwise

Motor expansion valve with feedback signal of each evaporator
Superheat regulation of each evaporator

Single defrosting of each evaporator on demand

Avoidance of oil contamination by hot gas defrosting
Avoidance of dirt contamination by using filters consequently

NH; - Plant Technology with 14
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Facilities example: homogeneous cold store temperat ure
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Facilities example: Superheat regulation
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Applications

NH, - KALINOR® Ice Bank NH, - ROROP® - Fluidized Bed System

GOOD TO KNOW

GOOD TO KNOW
> Approx. 80% reduction of NH,-charge > Approx. 80% reduction of NH;-charge
> Homogeneous clear ice-creation > Noboiling retardation
guarantees a high storage capacity > Minimum Pz loss in
> High constant melt down capacity the wet return line |
guarantees by air injection > Optimized hot gas defrosting
e U rO m m @ n Reduced ZnHé -Ozlt?rgfzzeddl]?ne?:?gge{z\:ﬁhoperation N




Advantages of the RORO @ - Plant Technology

GOOD TO KNOW

Very low superheat at the evaporator of 2K possible, due to additional liquid separator

Entrained droplets in the suction line caused a saturation on evaporation temperature
No negative effect on discharge temperature due to minimal superheating
Loss of power of approx. 0,5 % related to the total refrigeration capacity caused by superheat of less 2K

Pressure loss in wet return line towards separator will be minimized — efficiency advantage approx. 5 - 8%

Reduction of pipe diameter (1 nominal width) is of economical interest

At two stage plants the LP - pump pressure line is not necessary

At LP - application, especially at freezers a minimized boiling retardation is expected

Very low ammonia charge of less 1 kg/kW => “Federal Imission Protection Law” @imschc) can be avoided
Optimized heat exchanging will compensate superheat area and reduced heat transfer surface

Highest possible safety standard is guaranteed at the cold store and at the production area, due to
the use of non corrosive materials and hermetic design without detachable connections and valves

> In case of accident maximum 5 kg NH; will leak. At a store size of 64,000 m3 => approx. 100 ppm
(annoyance > 250 ppm / tolerability 500-1000 ppm)
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Efficiency Determination: NH

s — RORQO® - Plant Technology

Energy Efficiency Tool - Version 2.0

eurammgn

Energieeffizienzbericht nach VDMA 24247

Forschungsrat ?
Kiltetechnik

Projektinformationen

Bearbeiter: | elsen erstelltam: | 18.10.2017
12:01:28
Programmversion: | 2.0.7.7 erstellt im Modus: | Basis
Projektname: | Beispiel 1 RORO Name der Variante: | RORO Basis
Basis
Erstellt durch:
Firma: | - Postieitzahl: | -
Adresse: | - Ort: | -

Anlageninformationen

Name der Anlage:

System New

Bereich:

Bemerkung:

Branche:

Konfiguration

Kilteleistung [kWI]: | 2149,7 Kdltemittel: | R717
Leistungsaufnahme Verdichter | 524,8 Verdichtertyp: | offener
[kW1: Kolbenverdichter
Leistung der Hilfsaggregate [kW]: | 114,610 Uberhitzungsregelung: | elektronisches EV
Konfiguration kalte Seite: direkte Konfiguration warme Seite: Verdunstungsverf
Verdampfung luessiger
luftbeaufschlagt
Nutztemperatur [°C]: | 3,0 Lastprofil: LP6
Lebensmittellager
ung
Verdampfungstemperatur [°C]: -6,0 Verflussigungstemperatur [°C]: 30,0
Uberhitzung [KI: | 5,0 Leistungsregelung: | variabel
fest variabel

NH; - Plant Technology with
Reduced and Optimized Refrigerant Operation
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Efficiency Determination: NH ; — RORO® - Plant Technology

VDMA - Standard Sheet 24247

> Energy Efficiency n,. of Refrigeration capacity - L

> Energy Efficiency n,,; of Heat transfer ] - T

> Energy Efficiency n.; of Fluid transport /

> Energy Efficiency ng, additiqnal Refrigeration Nwr Nk
capacity to compensate
the energy input \ T

> Total Energy Efficiency
= Nao
Nges = Nkec X Nwr X Ner X Ngo -./ Q

mmm) Information about the efficiency of the components
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Efficiency Determination:

NH

s — RORO® - Plant Technology

Depiction:

> Single efficiencies
> Total efficiency

> Total result

Total Result:

> Annual energy consumption = 1.339.375 kWh

> Cost of electricity = 200.906,- €

Results

(%) TABELLE EINGANGSDATEN

(%) TABELLE TEILERGEBNISSE

(%) DIAGRAMM TEILERGEBNISSE

ERGEBNIS MERKEN
Teilergebnisse

0 I_ - — s e BNk
B Nwr

06+ . - — -
_I— BN
0 ‘ = . BN

02 - ‘Ili |
G-‘ ; ] : “ — ONges
A 8 C D

Y-Achse; Min; 0 Max; 1

(%) GESAMTERGEBNIS

| zeige Linien

Jahreskihllast: 4365478 kWh/a lahreskondensationswarm 5373464 kWh/a
Jahreselekiroenergiebedar 1339375 kWh/a Kosten Elektroenergie: 200906 €3
SEEQ)R: 326 Jahreswasserverbrauch: 0 m*/a

> Seasonal Energy Efficiency Ratio SEE()R = 3,20

eurammgn

NH; - Plant Technology with
Reduced and Optimized Refrigerant Operation
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Efficiency Determination: NH

Measurement Report

s — RORQO® - Plant Technology

Sample-System: Food storage - Location Frankfurt a.M.
Technology: NH, - RORO
Protocol (monthly): Energy measurement System
Date: 2016
electrical current consumption
in kWh
Tag
1 200055 80092
2 230743 68965
3 184857 66441
4 223770 77204
5 320796 91325
6 241007 67981
7 592259 161249
8 407669 114546
9 391612 112228
10 108500 35452
11 194712 72036
12 149521 62864
sum 3245501 1010383
Energy Efficiency Tool: 4365478 1339375

Energy measurement refrigeration plant

700000

Kreutztrager

KALTETECHNIK

600000 +

500000 +

400000 +

300000 T

200000 -

100000 +

0

SEE()R = 3,21
SEE()R = 3,26
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Efficiency Comparison: NH

s — ROROQO® - Plant Technology

NH; — RORO® - Plant Technology

‘B 75 898 3 25 14 18 75 55 -45 25 25 235 10
}C 50 35833 15 1 1 57 6 21 07 07 17 10
‘ ] 25 5489 3 ) it 8 43 7 -13 07 o7 14 10

Pv | Qs | Que | Priw | Pasmcn | Qo Pa
W] | [eW] | [kW]  [RW] kW]

0 0
B 75 898 0 0 2218 0 0 1086 1452
1 c 50 3583 0 0 0718 0 7241 706
‘D 25 5489 0 0 0063 0 0 3621 26
@

Name | COPs: | COPec  COPwc M | Mur M Moo

A 7857 [13807  |0740 |0.569

B T480 9595 18410 0780 03521 0559 0942 0214 0 1023 2598
C 10256 13728 34519 0747 0398 0381 0914 0104 0 6622 1852
D 13925 17.768 55230 0784 0322 0230 0831 0048 O 3008 1132

NH ; — Secondary Refrigerant - Plant

tomn | tu®

ra ra

tn tu

ra  ra

dh dte te | tm  tn e | te
K1

A ¥ ¥

‘B 75 898 3 25 n 18 09 55 19 75 55 235 1
¢ s @3 5 M 1 9 6§ 6 58 38 17 1
D 25 5489 3 5 " 975 2 125 1 1 3 1" 1
Nme L R e | | e

A s lo o lsewm o o 1848|2964

B 75 898 0 0 3.168. 0 0 1086 1738

C 50 3583 0 0 1267 0 0 7241  BTA4S

D 25 5489 0 0 o021 0 o 3621 269

Nam-‘cov.( COPuc | COPwx | M r‘wn‘lln‘llb

0594 | 0891

A

B 6249  BA47 18410 0740 0459 0490 0877 0.146 8177 9521 355
< 8280 11615 34519 0713 0336 0329 0825 0065 5417 5972 2661
D 13459 27415 409N 0491 0670 0.119 0687 0027 2641 2486 2259

NH 5 —Pump System

too | tu® | dtx | dtw | te | tw | tw | tc | tx
ra ra W Ko ra ra ora ragom

[ tw | tu
ra | rq

Pasac | Q, | Pu
BW W] kW]

"“@ ‘?ﬂ

0 0 0
] 0 0 0 1086 1543
c 50 35830 0 0718 0 0 741 7534
D 25 5489 0 0 0063 0 [ 3621 27

Name | COPc | COPoc | COPwc | Muc | Mur | Mpr | Moo | Mgm ﬁxx g,;;‘l ::;"‘"

13807 [0.712 |nse0 0682 |0942 [0256 [10.84
7040 9409 18410 0748 0511 0557 0929 0198 6065 1010 2769
0719 0387 0381 0801 0095 268 6523 1979
0740 0468 0167 0809 0047 0666 2929 136.1

A
B
C 61 13364 34519
D

15849 21552 46025

Teilergebnisse Teilergebnisse Teilergebnisse
— B BNk 0 ] = =l 0 aNg
=L w6l B [l 1 [= aNwr . ] ] (=L
6 = 1 = 671
BN = L UGS M (- aNg
04T 1 g S| | BN 04— g ‘ = BN 04 = = | BNgo
0. 02 i o I] l H |
l L [l 1 = OMges [ | | (BN
A 8 C D A B C D ¢ A 8 C D
I 4365478 h i ;5373464 K
Jahreskuhllast: KWh/a  Jahreskondensationswarme: wWi/a Jahreskhiiast: 382602 kWA Jahreskondensationswarme: 5454417 kwihva Jahreskahilast: 4285774 KWh/a Jahreskondensationswarme: 5380019 KWh/a
Jahreselektroenergiebedart: 1339375 KWh/a  Kosten Elektroe : 200906 a3
" o Wy et ’ Jahreselekiroenergiebedart. 2213364 KWh/a Kosten Flekiraenergie: 332080 €a Jahreselektroenergiebedart. | 1503724 kWhya  Kosten Elektroenergie: 225559 €
SEE(R: 326
SEE(R: 1740 SEE(R: 2850

Annual electric energy demand = 1.339.375 kWh/a
Cost of electricity  (15ctkwh) =200.906,- €/a
SEE()R =3,26

eurammon

Annual electric energy demand = 2.213.864 kWh/a

Cost of electricity
SEE()R

Reduced and Optimized Refrigerant Operation

(15ct/kwh) =332.080,- €/a

=1,74
NH; - Plant Technology with

Annual electric energy demand = 1.503.724 kWh/a

Cost of electricity  (15ct/kwh) =225.559,- €/a

SEE()R =2,85

w
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Eurammon is always available as a sparring partner for questions on
refrigeration with natural refrigerants.

Michael Elsen

Kreutztrager Kaltetechnik GmbH & Co.KG

Theodor-Barth-Strale 21

28307 Bremen E
Michael.Elsen@Kreutztraeger.de \ vy

https://lwww kreutztraeger-kaeltetechnik.de
phone: +49 151 4226 5498
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