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Comparison between real plants using R744 with ejector and parallel
compressor and a conventional R134a/R744 cascade in warm climates
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SAF-)I- h'\é',% Innovative CO, supermarket analysis

Supermarket characteristics

- Largest hypermarket in Italy

- Hypermarket Brand: IPER

- 10,000 m? of covered area

- 147 MT cabinets, 29 LT cabinets v ) e

- 105 plug-in cabinets e EelNE. e e oy
- 26 MT-LT cold rooms (1700 m?3 tot) | - —

Cooling loads

. 290 kW MT %
. 40 KW LT g
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Geographic location

* Northern Italy- Arese (MI)
- Warm climate
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Italy’s largest hypermarket opts for CO, transcritical

31 May 2016

The Iper hypermarket is part of the new Arese shopping centre, which
largest shopping centre in Italy and one ofthe largest in Europe. Sust

S yelriex g I ET et a key pillar ofthe huilding's design, which qualifies for U.S. Green Bui

with a DMTouch and save money.

Now available with energy monitoring built in.

greenhouse gas emissions.

Italy’s largest hypermarket goes C02

Posred on Thursdoy, May 28, 200 - Leawr a Sxwmen?

"Using CO5 to power the refrigeration system is a perfect match to the

reducing greenhouse gas emissions. Atthe same time, CO, provide:

performance and exceptional properties for heat reclaim," says Gabhti
a Key Account Manager at Danfoss Italy.

HARE THIS ARTICLE JOIN OUR NEWSLE

| The Iper hypermarket is one of the first stores to implement new eject
refrigeration system. Convinced hy the results of numerous tests in re
order to enhance the hypermarket's energy efficiency.

o "Electricity for refrigeration makes up 50% of the total energy consumy
cut down this consumption year by year as part of their sustainability f
natural refrigerants to cut the carbon footprint. In order to fulfill these g

. % Sea i < installation with several hundred cabinets and cold rooms operating
ITALY: A question mark has been hanging over the use of CO2 transeritical refrig Technical Support Manager from Arned, a wotld leader in the producti

warm climates but recent advances in Southern Europe suggest it can be an eff
viable solution.

REFRIGERAHT REE‘,O‘JERY UNIT

The lper Montebello hypermarket in Milan, opened in April, is a pioneerin CO2 transcritical
refrigeration system making use of ejector technology to enhance efficiency in temperatures
up to 38°C.

V|| YELLOW
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In Aptil 2016, the largest hypermarket in Italy opened its doors in Mila =
hypermarket is pioneering a CQ, transcritical refrigeration systern wsic

to 36°C, further demonstrating that CO, refrigeration is advancing ac =

Council (USGBC) LEED Gold cetification, meaning that the hypermarigs
heen designed and constructed to use less water and energy and redg

of LEED. CO5 is a low-GWP refrigerant and an excellent choice when @

-

Case story | Iper - la Ganda

Italy’s largest hypermarket opts

for CO, refrigeration

The ua of CO, trars -oftical refgeration inwarm cimates has
bosn 2 hot topic for many years The mbles aro ouming, howevar
and CO_ refrigeason advances acass Southem Ewrope 3san
sfficsert and vidble saution In apxil 2016, the brge = hypermarket
n Ialy opened ks dooes n MIEN. The 10000 m2 brard rew per
mar kst b 2 ponser In CO, tians-critical reffigeration systom using

Ejoctor tec to enhance efficancy m emperatuss up to
38°C The turnka y refrigeration system ks suppled by Arneg.

The lpar hypaermarkaetis tof the new Arcse sh
Gm:.woc?;dmthaurgmapodmm;‘:w
was formerdy the cherished workplace of 40,000 workers. Building
anthis prowd herkage, the A
shopping centers In italy and one of
nchuding 92,000 m2 of Imlan market style Aoor space with more
than 200 shops, cafes and estauams

Sustairabilty i 3 koypikr of the bulding desion that s

LEED Gold carttied, meaning that the comer i designad and
coragucted 10 use ks water and enengy and reduce grenhowse
o2 emissions.

"Using CO, to power the refrigamson system s 3 perfect maech
10 the Intsntions of LEED. CO, & 2 bw-GWP sifigerant and an

Innovative CO, supermarket analysis
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Video 150 anni di Tecniche Huove Guida dei fornitori

Il piu grande ipermercato d’ltalia sceglie la
CO2 per la refrigerazione

di redazione ZZ | 30 maggio 2016 in Impianti - 0 Commenti

Condividi
quest’articolo
EJ Tuitter
i Digg
.. Delicious
excsllam chokce when k comes 10 g
emesons. Atthe same time, CO, prow saha
exeptional propernes for heat reclan n Facebook
Kay Account Manager, Danfoss aly.
wWhy go fortrans-crttcal refrigeral LJ] Stumble
using Gector technology?
The Iper hypermarket = one of the fir
rew Ejctor fechnology inthe trars ¢ U Subscribe by RSS
Convinced by the rasudts of rumerou! ¥

recert yaars, Arneg decided o go for
w erhance the ensrgy sfficencyof tf

“Eloctrichty for sfiigeration makes up

corsumgton of the rmarkat, 2nd

ambition 10 ox down this consamgd

thar ssmnabilty program. Anocdher |

etaikr s swiicho reoualsfiiged——

footpirt. In order to #uifl thase goak we proposed 3 Tans-arttical
CO, sohton. k = 3 brge Inemlason with several hundied cabinets

aréco&mrucpaaung under amblant temperatures up 10

35°C", says Enrco Zambotto, Techncal Suppaort Maragar fom

&rreg 3 wordd kader n the praduction of completa refrigaaton

sohssons for the weal Indusay.

Luso della refrigerazione transcritica
nei climi caldi & stato un tema
trattato (e controverso) per molti anni.
Il vento sta peré cambiando e la
refrigerazione 3 CO2 avanza in tutta
'Europa del Sud come una
soluzione efficiente e praticabile per

la refrigerazione commerciale.

Nel mese di aprile 2016 il piu grande ipermercato in Italia ha apero le sue
porte ad Arese, vicino a Milano. [l nuovo supermercato a marchio IPER con i
suoi 10.000 m? di superficie & un pioniere nel sistema di refrigerazione a CO2
transcritica e utilizza 1a tecnologia dell'eiettore per migliorare 'efficienza a
temperature ambientali fino 3 38°C. |l sistema chiavi in mano di
refrigerazione & fornito dall'azienda italiana Arneg. L'lper é parte del nuovo
centro commerciale di Arese, costruito sullo storico sito produttive dell’ Alfa
Romeo, ai tempi posto di lavoro di circa 40.000 lavoratori. Fiero di tanta

Tecr



SAF;I- h"é',% Plant description

Ps HP: 120 bar ‘ ‘ ‘

a

m
.

Mixing unit diffuser

E.‘eCtor nol:e throat exft

Heat recovery

- Y
@@L " Ps MP: GOE; | L‘

Ps LP: 60 bar
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& sAghI\éIr% Plant description

& Jworacks Bl e

- Compressors: Dorin

« 3 x CD4000H

- 2 x CD4000H

- 2 x CD750M
- Gas cooler: LU-VE EHVD 1 x 6226 4 fans EC
« Controller: Danfoss AKPC 781

—

d 1
O
intarnad Heat Exchange
§ (Tube in fube)
2O

Energy saving devices

» Parallel compressors
* Multistep vapour ejector
* Inverter on:

* 1° MT compressor

* 1° LT compressor

» 1° parallel compressor
* Heat recovery (300 kW)

Liquid line

MT suction
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LT suction
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& SAF;I- I\gr% Plant description

i Design conditions

- Evaporating temperature LT: -30 °C
- Evaporating temperature MT: -8°C
- Maximum ambient temperature: 40°C
- Maximum pressures:
- HP 120 bar
- MP 60 bar
- LP 60 bar

35 .
-0 Ambient temperature
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m Supermarket characteristics

- 9,500 m? of covered area
- 144 MT cabinets, 32 LT cabinets

m Geographic location

* Northern ltaly — Padua
« Warm climate

sphere Comparison with subcritical CO,-R134a plant

R134a
oo o

Ps HP: 30 bar

= Cooling loads

- 285 kW MT
41 KW LT

Aka [

= Design conditions

- Evaporating temperature:
- -8 °C MT
«-30 °C LT

- Maximum ambient temperature:
« 37 °C
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Lo SAF;I- h'\é',% Arneg supervision system: IRIS

arnec

I Serie storiche ] Analisi consumo l Consumo comparti | Trend consumi  Energy Efficienc y Ratio |

_Selezione Punti Vendita 7[ Selezione Misure

Supervision

Export valori
Consumi totali P.d.V.
Zoom | |+ [6m JAnnd 1a fTutd Da | 31/07/2015 | a| 28/08/2017
. Management of su permarket
57.483 7.431
= 60.000 kWh 55.869. 36.961 3 56.0032C220 SHS 30°C
53.730 — 53.500 — | 53.385
49.932 50.218 50-960 50.242 51.117
- 48.856 - 49.699 45 700 ;
50.000 kWh JE88b — 45:091—45:053— 457725577 44912 45:101 43.840 sElg > SR 6 25°C
] 4 43.232 48532
u u 4 2 2 0 - B )
o ; 4gedd 5 434832 g 4 1 44573 45674 -
| i 40007 4gagas ‘T 40561 40.829 41.001 416737 “aEB e
E 39.302 23
a S| 2
I u u 5 |8
U 30.000 kWh 15°C §
6 8 w
- - 20.000 kWh 10°C
- Real-time display of data and g
10.000 kWh =,
alarms
°
E a3 973 1328 1571 1297 q091 1736 1392 12,05 _ 13,07 16,71 2 2038 1689 1723 1631 4
0,8 : g : ' 5 2,08 1,79 ’
}: e wm Em W mm s W Om == - s m EH B mEE -
= o )
-20% -1.16 -3,63  -529 533
Set'15 Nov '15 Cen'16 Mar'16 Mag '16 Lug '16 Set'16 Nov '16 Gen'17 Mar'17 Mag 17 Lug'17 Set'17
Cen'14 Lug ‘14 Cen'15 LUQM/LHQ'IG Gen 17 w7
E l m »
’ Range = Temperatura effettiva = - Temperatura prevista — Temperatura interna effettiva — - Temperatura interna prevista =— Umidita effettiva = -~ \T’
Larghezza: 1600 Temperatura est. : /] Temperatura int. :[] Umidita: ] .

- Data analysis
* Prevision of energy consumption
trends

- Optimization of plants in order to
obtain maximum savings
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?Jh'\é'g Comparison with subcritical CO,-R134a plant arncc

Energy consumption

3500

Summer

CO, ejector energy

3000

2500

O consumption similar
z ® o subcritical
< 1500 S
= £
Q m
- Winter
500
Good performance of
0 2 CO, ejector plant

ago-16 set-16 ott-16 nov-16 dic-16 gen-17 feb-17 mar-17 apr-17 mag-17 giu-17 lug-17

CO, Ejector plant Ambient temperature
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ﬁgh'\é'g Comparison with subcritical CO,-R134a plant arncc

Energy consumption | THEORETICAL Energy consumption | MEASURED
140,000 129.000 140,000
125,100 ’ 122,100
120,000 120,000
100,000 100,000
E 80,000 E 80,000
§ 60,000 § 60,000
40,000 40,000
20,000 20,000
0 0
CO, Ejector plant CO, Ejector plant
. o 5 o
Saving 3% Saving 9%
-21,700 kWh/year -60,300 kWh/year
-3,900 €/year -10,800 €/year
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Direct emissions
[ton CO, eq]

Plant

Indirect emissions Total emissions
[ton CO, eq] [ton CO, eq]

CO, Ejector

Subcritical 1416 2217 3633
Direct Indirect
emissions emissions

refrigerant losses
=1 plant charge in 10
years

327 g CO,/kWh for
purchased electricity
(source: ISPRA)
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-44°% of total
emissions

Subcritical
64%

Total emissions of equivalent CO,
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Subcritical plant CO, ejector plant

20000 00000

20002 o000

Ghb i
4

16,100 trees
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9,000 trees

CO2 total emission

Reduction of 1,610 ton
C0O2 emission

Equivalent trees
Saving of 7,100 trees
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Conclusions

- Use of energy saving solutions makes CO,
competitive compared to subcritical cycles also
in warm climates.

« CO, ejector system performance is better than
theoretical expected results.

« CO,technology helps to contain emissions in
atmosphere with significant benefits for the
environment.

« Thanks to its properties, CO, helps final
customers to save energy and money.
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Slalatioye

Future developments

Arneg is following the way of innovation with natural
gases.

Next step in energy saving with CO, are:

* Use of liquid ejector to flood evaporators in order to
drop 10% energy consumption (new openings in 2017)

* Hot gas defrosting

* Heat reclaim and heat pumps (HVAC supermarket)

Work In progress...
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Thank you very much!

Chiara
Tognoli

Enrico
Zambotto
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