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WORKSHOP ON KIGALI AMENDMENT,
ALTERNATIVE TECHNOLOGIESS, ENERGY EFFICIENCY
IN COOLING SECTOR AND SAFETY STANDARDS
Overview of alternatives/natural refrigerants

in different applications

Standards and safety aspects of natural refrigerants




MAIN DRIVERS?

Regulation EN 517/2014
* (Leak detection, Training, Reporting)

e Phase down
 Price
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Best practice special: Refrlgeratlon plant in Vienna, Austria

Operating from 1904 to 1997
Refrigerant: Carbon Dioxide
Testing Pressure 200bar
Operating Pressure 60bar
COP 3,36
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CURRENT STATUS 2019

MONTREAL PHASE-DOWN AND THE EU F-GAS
REGULATION
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Impact of F-Gas in Spain
. T o b i T .7 W

Phase Down Target
* Minimal reduction in allocations in 2016. Significant impacts in

2017 and 2018, which will lead to high price increases -100%

93%
» Spain also started Climate Protection actions by '\\\
implementing Special Tax. Q2% .
\0\454’ 31%
24% N
: Breakdown of prices (€)
—TOtaI Prlce per Kg I 2015 | 2016 I 2018 | 2021 | 2024 | 2027 | 2030
Gas GWP Sept 18 (€)
Cost of Gas |Cost of Taxes

R134a 1.430 60,52 44 02 16,50

R404A 3.921 116,49 57,67 58,82

R407F 1.824 57,69 30,32 27,37 Price of Gas has multiplied by 20
R422A 3.142 102,44 55,30 47,14 in the last 10 years !

R434A 3.245 123,21 74,53 48,68

R507A 3.985 123,08 63,3 59,78

R513A 629 44 84 35,4 9,44

Source: eurammon@chillventa 2018, Josep’®Biaggoniaan CHILLVENTA 2029 Page s



REGULATION (EU) No 517/2014

CONTAINMENT
Article 3
Prevention of emissions of fluorinated greenhouse gases

Leak checks

St - <50t CO; equiv. 12 months / 24 months
S0t - <300t CO; iy, 6 months / 12 months
>500t CO, equiv, leakage control system/ min 6 months

Leakage detection systems

Record keeping

Recovery
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1994: phase out of R22, ...........
Y T o i T sz, T T

Customer Supermarket chain

Leakages

Uncertainty in investment

R404A, R134A?

Product quality

Energy efficiency
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Condenser Machine room Cold room, Freezer, Cabinet, etc.
Refrigerant
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Refrigerant

GR@DY unED NaTIONS Sarajevo, Bosnia and Herzegovina, 09-10 jul. 2019 Page 9
\g/\éy INDUSTRIAL DEVELOPMENT ORGANIZATION



—

/Condenser

Machine r

om

Cold room, Freezer, Cabinet, etc.

&

N
) 4

14
1

RefrigerW

(DY UNITED NATIONS

N&®7 INDUSTRIAL DEVELOPMENT ORGANIZATION
=~<

Sarajevo, Bosnia and Herzegovina, 09-10 jul. 2019 Page 10



Condenser

‘VV

)

ichine room

Cold room, Freezer, Cabinet, etc.

A

Refrige

‘ant

AR

UGBS UNITED NATIONS

XS INDUSTRIAL DEVELOPMENT ORGANIZATION
S

Sarajevo, Bosnia and Herzegovina, 09-10 jul. 2019 Page 11



Thermodynamic Properties
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Property R134a | R404A |CO, [NH;

Enthalpie t,=0°C [kJ/kg] | 198,6| 165,3| 230,8| 1262,2

Refrigeration capacity in

context to mass flow
t,=0°C [kJ/m3] 2867 5064 | 22546 4367

Ammonia has the largest evaporating enthalpy in
context to mass flow.
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AMMONIA the IDEAL refrigerant?
. T o b T .7 WM

Combines fllowing good properties:
« Good chemical properties
« Good thermodynamic properties
« Good physical properties
* No/neglectable influence to environment
« Good avallability
« Good price
Ammonia is almost ideal....
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Classification of ammonia
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EN378-1
B2L

B = toxic
2 = low flammability

Electric must not fullfill the criterias of
dangerous space (EN 378-3, cap. 6.3)

Sarajevo, Bosnia and Herzegovina, 09-10 jul. 2019 Page 14



Ammonia - realy bad?

Y. TN e oo o ub i | T ace 7

 flammable, in a narrow band
(15 bis 28 Vol%)

« EXplosiv, in high concetration
(15 — 33,6 Vol%) with a high ignition temperature
(651°C)

« toxic > 1500 ppm, but from 50 ppm on it has a
warning affect!
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Ammonia sensors
AR SRR Y DY ES— 5
EN378-3, cap. 8.7, > 50 kg NH3 senors are a must!

» 500 ppm (<500 ppm) 1. Alarm, Ventilating system
IS started

» (1000 ppm main alarm)
> (10.000 ppm shut of)

» 30.000 ppm Electric system is shut down,
Ventilation system is shut down
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Innside and outside
of

an industrial

R717 /| R744 plant.
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CE declaration of conformity
. T o b i T .7 W

CE

EU-Konformitétserklarung : . . . .
Hiermit erklaren wir, dass die Bauart der o. a. Anlage folgenden einschlégigen Bestimmungen entspricht: PreSSl:lre equ.lpme.nt directive
* Machinery Directive

e Druckgerate-Richtlinie 2014/68/EU (DRL, PED) . .

o Maschinen-Richtlinie 2006/42/EG (MRL, MD) * Low voltage Directive

o Niederspannungsrichtlinie 2014/35/EU (NRL, LVD) : : :

e EMV Richtlinie 2014/30/EU (Elektromagnetische Vertraglichkeit) * EMV Dn.'e.c'.uve EIectromagnetlc
Angewandte harmonisierte Normen, insbesondere com patlblllty

o ONORM EN 378-1 bis Teil — 4, Kalteanlagen und W&rmepumpen Sicherheitstechnische und

umweltrelevante Anforderungen soweit diese Hersteller und Lieferanten betreffen ised lati

e ENISO 12100 T1 und T2 Sicherheit von Maschinen Harmonised Regulations

o EN 61000-6-4 Elektromagnetische Vertraglichkeit / Stéraussendung e EN 378

e EN 61000-6-2 Elektromagnetische Vertraglichkeit / Stérempfindlichkeit

e EN 60204-1 Sicherheit von Maschinen / El. Ausriistung von Maschinen e ENISO 12100
Angewandte nationale technische Vorschriften und Normen, insbesondere * EN 61000-6-4

e Kalteanlagenverordnung BGBI. Nr. 305/1969 i.d.F. BGBI. Il Nr. 450/1994 e EN 61000-6-2

e Maschinensicherheitsverordnung (MSV2010) BGBL Il Nr. 282/2008

o Duale Druckgerateverordnung (DDGV) BGBI. Il Nr. 59/2016 e EN 6024-2

e OVE/ONORM E8001-1 Errichtung von elektrischen Anlagen bis 1000/1500V

National (Austrian) regulations
GR@DY unED NaTIONS Sarajevo, Bosnia and Herzegovina, 09-10 jul. 2019 Page 22
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Environment

TLAREER. i om  uW
R134a | R404A | CO2
ODP 0 0 0
GWP | 1430 | 3920 1

Ammonia is the only double 00

refrigerant!
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Medium refrigerating capacities: Supermarket refrigeration

Installed in: 2002

Capacity Range: 350 KW
Refrigerant: Ammonia

Filling amount 40kg/ 0,11kg/kW
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Medium refrigerating capacities: Supermarket refrigeration

EEE——————————— T R

Installed in: 2008

Capacity Range: 50 KW / 2,7-4,7kW
Refrigerant:

Ammonia / Dimethyl-Ether (R723) / CO2
(R744)

Filling amount 32kg / 3,5kg
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Small refrigerating capacities: Brewery Ottenbrau

N S

Installed in: 2011
Capacity Range: 3 - 15 KW
Refrigerant: Ammonia / Dimethyl ether (R723)
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L Propan Supermarket

. T o b i Y ae T W
supermarket '

propane compact unit
approx. 200 since

55 KW
73 kW
92,3 kg
-6°C
45°C

"ﬁ‘\é UNITED NATIONS
WP INDUSTRIAL DEVELOPMENT ORGANIZATION
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heat exchangers - GERMANY

(% thermofin’

heat exchangers - GERMANY
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Propan Supermarktanwendung
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German supermarket chain cools and heats with
integral systems
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2008

Capacity: 50 KW / 2,7-4,7kW
refrigerant: R723 / R744
Filling amount: 60kg / 180kg

PIZZA & BAGUETTE FREEZER
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Organic meat production
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Organic meat production
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Main datas:

Refrigerant: R290 26 kg
Refrigeration capacity: 2 x 180 kW
Secondary loop system -6° C/-2° C
ESEER: 3,44

Heat recovery: 2x42 kW @ 58/65

Refrigerant: R290 16kg
Refrigeration capacity: 1 x 160 kW
Secondary loop system 10° C/6° C
ESEER: 3,62

Heat recovery: 35 kW @ 58/65

Refrigerant: R744 @ to -35° C, tc -3° C
Refrigeration capacity: 22,2 kW
COP: 3,66
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2011

Refrigeration/heating capacity: 1900kW
refrigerants: R717 / R744

Filling amount 2900kg / 6000kg
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Comparison Isentropenexponent
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R134a | CO, | NH,

Isentropenexponent K 1,13 1,29 1,31

R717 has higher compression end-temperatures.
Il Heat recovery !l
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Best ributio

n Center

ractice seecial: Dist
—a .

Complete supply with natural
refrigerants:

Refrigerants:

R717 (Ammonia): 2000kW

R744 (Carbon Dioxide): 560kW
R717 (Ammonia) heat pump: 520kW
R744 2-stage heatpump

R290 (Propane): pressure control

Heat recovery:

800kW floor heating
400kW defrosting
AC: 140k\W.
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POSSIBLE SOLUTIONS

B

L outside
= N
= optional
£ | heat .
R717 recovery Machinery
R290 7
room

MT I
&i secondary |.
refrigerant

noise insulated box |
inside sales area

RN UNITED NATIONS i i i -10i
l‘i‘\w O P MENT ORGANIZATION Sarajevo, Bosnia and Herzegovina, 09-10 jul. 2019 Page 43



Johannesburg

¢
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Cape Town

i g
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 Situation in Johannesburg
I T . o Ll W . T A

MAIN DATAS

MT 140kW 1o =-12°C @ tc=+40° C
LT 60kW to =-12°C @ fc= +40° C
Refrigerant R22 1200kg

average loss up to 80-240%

MAIN Datas of the new system

MT 140kW  to =-8°C @ tc=+38°C
LT 60kW to =-30°C @ tc=-3°C
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« Situation in Cape Town
I T . o Ll W . T

MAIN DATAS

MT kW to =-15° C @ tc= +43° C
LT kW to =-32° C @ tc= +43° C
Refrigerant R22 1000kg

average loss up to 80-240%

MAIN Datas of the new system

MT 280kW  to=-8°C @ tc=+35°C
LT 37kW to=-32°C @ tc=-3°C
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.
PnP RANDPARK RIDGE: REFRIGERATION PERFORMANCE
Load Factor Load Factor
Last Four Weeks' Avg Load Last Week's Avg Load
kw 2013/02/11 to 2013/03/10 kw 2013/03/04 to 2013/03/10
120 120
100 100
80 80
60 60
40 40
20 20
o )
g§8g88888828e888888888888¢8288 8 g888888888888888883888883
858838855888 2d03235%228F-AR 8588388588282 d2302023RRIAA
2013 —2012 2013 —2012
KkWh Last Four Weeks' Weekly kWh 02012 Cons W2013 Cons kwh Last Week's Daily kWh 012012 Cons 2013 Cons
e2012aT  +203AgT C ®2012AvgT  #2013AgT
21000 30 3000
17 500 25 2500 25
14000 20 2000 20
10500 - 15 1500 - 15
7 000 10 1000 - 10
3500 5 500 - B
0 [ 0 o
Week 1 Week 2 ‘Week 3 (last week) Maonday Tuesday ~ Wednesday Thursday Friday Saturday sunday
Variance: -5% 1% 3% 4% Variance: 2% 5% 1% % -6% 9% 8%
Meteri moL O Gav
20%
2013/03/04 to 2013/03/10
| LT - Rack Perf ‘ MT - Rack Perf | -
10% Required Cap: Region
317 kw Gauten
| Cold Room Perf ‘ Freezer Room Perf | N
e B Plant y: Contractor
Week 1 Week 3 Week 4 | Fridge Case Perf ‘ Freezer Case Perf | 157 Wh/RCap Fridgetec
" Plant Rating: Plant Type
-10% Best 5% Nat Ref - Dixell
| Plant Room Cooling ‘ Drop Temp Perf |
-20% o o ik Varian ; = eneroverartners| [EiIckn Eay
Target — it Limit —2013vs 2012 = | Plant Drift ‘ Critical Alarms. | oy Inspired by you
*Variance not temperature corrected Page 1
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Overview emission savings

Energy consumption reduction

Saved MWh /year

Saved t CO,/year

Refrigerant emissions avoided t
CO,eq/year

Sum

19%

173
161

234

396

_

B st el WA

26%
132
122

340

462
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Summary???

Phase down?
NEW Challenges?

SOLUTIONS? YES!

THE BIG FIVE
NATURAL REFRIGERANTS!

AIR AMMONIA HYDROCARBONS CARBONDIOXID
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