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Use of renewable energy

Renewable issues

e Installed capacity vs. use

B >60% .
Bl 50-60% % ,
(consumption)

40-50 %

30-40%

20-30%  Power vs. work (kW vs kWh)
. e Work vs. energy (time,

location)
e Demand vs. production
 Primary vs. useful energy

Source: By Edroeh - Location European nation states.svg: Ssolbergjdata source: Share of renewable energy in gross final
energy consumption, Eurostat, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=79119369
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Renewable issue: setting the scene for mechanical RAC & HP

Renewable Energy Source Primary RES product Useful energy demand

RES
11

Hydro —

I‘ —© /

- / i
Thermal =—

74__.9

REFRIGERATING
Umwelt ASSOCIATION
Bundesamt

OF UKRAINE &t

2/3/2020 E: Timm. Heat GmbH 6




Federal Ministry

m | for the Environment, Nature Consernvation ~ CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-
FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

and Nuclear Safety

Primary and — useful energy

Primary energy Energy consumption DE 2013 Use of energy
Rest 9.269 PJ (Peta-Joule) = 2.575 TWh
e Electrical
7,4 %

Electrical
23,8 %

Mechanical
36,5 %

Heat
33,1 %

ey

w

Quelle.
BMWi Energiedaten 03.2015

Mechanical
36,5 %

Heat
(Space + WW)
34,8 %
Heat
(Process)
21,3 %

REFRIGERATING
ASSOCIATION
OF UKRAINE i

2/3/2020 E: Timm. Heat GmbH 7



3R | o ow oot Nature Consenation . CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-

and Nuclear Safety
FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

Coupling the (v)sectors

Oldworld _ « Separate (central) production
"ﬁ% \ and(decentral) consumption
e Separate sectors and vectors:
» Electrical, thermal, mechanical
 Domestic, traffic, commercial,
industrial

_“._ Strom
i N R
[} et

 Combined decentral
production/consumption: Prosumer

« Sector and vector coupling

o Smart Grids

» Need for storage, transformation
and distribution

=R

Wasser Erde Luft

Source: bwp Bundesverband Warmepumpe e.V
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Heating Technologies - Assessment

Ecological
“Fossil’ Electrical
=
[ ) [
Gas Qil Direct HP
/\
/
<— Condensing
| Non-
Condensing

\ng: New Build — Renovation

§88 838
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Heat pumps basics (typical serial product)

e WEECY— e Ly

‘2?— ZIU 3, ; J
b “;:-’., - ,_‘_____H;:ﬂ)u ‘
Air-Source Ground-Source Water-Source

e Source temp : min. -20 °C + Source temp: min. 0 °C « Source temp : 10 °C
« Capacity: 5- 60 (100) kw e+ Capacity: >10 - 150 kW - Capacity: > 10 - 200 kW
e SPF: ~3  SPF:~4 e SPF:~5
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Heating Generation by type DE

..z. Marktentwicklung Warmeerzeuger 2005-2015
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Deutschen Heizungsind ustrie

2006 2007 2008 2009 2010 2011 2012 2013 2014
[ Gas-BW W Gas-NT = OFBW m OFNT m Warmepumpen M Biomasse |

* Eine Erweiterung des Meldekreises in der Produktstatistik ,Biomassekessel” im Jahr 2014 fiihrte zu héheren
Stiickzahlen im Vergleich zum Vorjahr. Die prozentuale Entwicklung zum Vorjahr ist aber negativ.
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Выступающий
Заметки для презентации
Anteail Neubau
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Primary energy assessment acc. VDI 4650

HP

Solar thermal

RES

Bild 8. Berechnung der End- und Primarenergie einer bivalen-
ten Warmepumpenanlage mit mehreren Warmeerzeugern

Nutzwéarme / useful h-e-at

erneuerbare Anteile /
renewable shares

0

i Endenergie / final energy

s, - O
e

EE =02

sol

Priméarenergie /
primary energy

PE = EE¢- PEF;
+(EE  + EEy, + EE ) PEF,

(z = Stromverbrauch der Solarpumpe)

Source: VDI 4650 Rework ETSuS UG
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Figure 8. Calculation of the final energy and primary energy of a
bivalent heat pump system with several heat generators

(z = electrical power consumption of the solar pump)

HI=ZAT
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Heat Pumps vs. Boilers

Heat Pump Boiler

 Highest primary energy * Lower primary energy
efficiency ++ efficiency +

* Best CO,-Footprint ++ * Worse CO,-Footprint -

e Application temperature+0 < Application temperature ++ -

e Best RES fit e Low RESfit

e DSM possible (Smart grids) * No fit for DSM

 Higher Up-front Cost —  Lower Up-front cost +

* Running costs 0 * Running costO

e LCC? e LCC?
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Indirect emissions: climate change in DE, role of HPs

* Building envelope, installed technology und
energy production

[E
0o

. 3 main scenarios 16,7

16,1
— RF: ,Reference”: » 16 q 1
. e . “ . o 14 13'1 13,6
— EL:,Electrification“: HP, Increase RES in E- r
Production S L ) )
. EL8O o 10 7 o i
e EL9S £ 8 7,1 |- - & 637,4
; . . > 54 ’
— TM: ,Technology Mix“: GHG-mitigation - ?_—) 6 : T NI
RES Electricity, synthetic Bio-Fuels o 4 ey B - i
e ® 2T T T
« TM95 o " ol 1 [
S D e . g QRS2 R3I3 AT 233 RS
— ELund TM projection: significant increase S 99392 9232 2232 2282 =288
of HP use RF EL80  TMS0 EL95  TM95

Source; dena geea Gebaudestudie, rework ETSuS UG
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Выступающий
Заметки для презентации
Basis: Klimaziele Deutschland: Reduktion THG bis 2050 um  80- 95%
Auf den Korridor hinweisen im Gegensatz zur F-Gase Verordnung
Kontext: dena Leitstudie „ Integrierte Energiewende“
Studie zum Gebäudesektor, ökonomische  Analyse der Transformation
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Climate Conditions for Heating (and cooling?)

Koppen-Geiger climate classification map for Ukraine (1980-2016)

Arid, steppe, cold (BSk)

Temperate, no dry season, hot summer (Cfa)
Temperate, no dry season, warm summer (Cfb)
Cold, no dry season, hot summer (Dfa)

Cold, no dry season, warm summer (Dfb)

Cold, no dry season, cold summer (Dfc)

[ B b MBAER LT bermary 350 20261

Source: Beck et al.: Present and future Képpen-Geiger climate classification maps at 1-km resolution, Scientific Data 5:180214, doi:10.1038/sdata.2018.214 (2018)

R \GERATING
ASSOCIATION
Bundesamt OF UKRAINE i

2/3/2020 E: Timm. Heat GmbH 17




Federal Ministry

m | for he Enitonment Noture Consntion CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-
and Nuclear Safety
FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

Alternative Technologies Heating and Refrigeration

e A sector and vector view: Heating and Cooling
 The role of renewable energy

 Heating: Heat Pumps and Boilers

e RAC HP: Green working fluids

e Refrigeration: Green cooling technologies

e Summary and outlook

REFRIGERATING
Umwelt ASSOCIATION
Bundesamt

OF UKRAINE &t

2/3/2020 E: Timm. Heat GmbH 18




$| f:ﬂfii'e}'i?ff;n’;mt, Nature Consenaton CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-
and Nuclear Safety
FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

Cooling Technologies

A
107
106 [ absorption
systems
105
=
<
2 10
= o
© Stirling
o
S 103f systems
Joule thermc')
102 F hompson magnetic
systems
101 -
100 I
q 'l
0 200 250 300 350
Source: ETSuS UG Temperature / OK
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Refrigerants — historical development

H,O, CO, , NHj, Ozp_ng Depleting Substance_s (QDS):
SO. HC Artificially substances and significant
2 high Global Warming Potential (GWP)

highest environmental impact

No Ozone Depletion Potential (ODP),
but high GWP

cres [

No ODP, lower (GWP) artificial
substances with lower environmental
impact

Naturally occurring substances with
lowest environmental impact, (no ODP
E: Timm. Heat GmbH HCFCs and lowest GWP) pact, (
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“Natural Refrigerants”
H,O, CO,,
NH;, HC

HFOs,
Blends

1930

2010 Kyoto

Protocol

/ 1997
Montreal

Protocol

1990 11987 1980

HFCs



Выступающий
Заметки для презентации
Full source: http://refrigerants.danfoss.com/assets/0/114/137/138/17179871081/17179873777/52bb5072-4c26-4c9c-84b9-6da3e877b443.jpg
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Refrigerant cooking session — the ingredients

3 4 5 6 7 8 9 10 11 12 13 14 | 15 16 17 18
]| v Vv 'l vil | vl

Helium

Wass erstoff
4216 K

1
20268 K

Stickstoff Neon

3.5 , - : -
7736 K i 27096 K

13Ar

2Ti 23V 24Cr »Mn 27C0  5gNi

40Zr 4Nb ;oMo 43TcC 4sRh  46Pd

g3Bi

72Hf 723Ta 4W  s5Re 77lr 78Pt  70Au gHg 4Tl gPb
Quecksilber
ﬁ;l:K

nsJut 4,,Uu

Ununtrium

104Rf 105Db 10659 107Bh 1090Mt 410Ds 11Rg 4,,Uub

Meitnerium |Di

Actinium  |Rutherfordium| Dubnium Bohrium Hassium
3 - - -
J4TIK

REFRIGERATING
Source: ETSUS'UG, (=11 ASSOCIATION
Bundesamt
OF UKRAINE &t

E: Timm. Heat GmbH 21

2/3/2020



Federal Ministry
and Nuclear Safety

m | for the Environment, Nature Consernvation ~ CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-
FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

Refrigerant cooking session — the ingredients — What's left?

Wass erstoff
1
20268 K

Do not form gases

Do not react at all

Umsialic us UG
Bundesamt

2/3/2020

Ozone depleting

Greenhouse effect

Toxic

E: Timm. Heat GmbH

Phosphor | Schwefel Chlor Argon
550K T1775K 2391K 8730 K
Brom Krypton
+1,5 -

33225K 119.80K

- Xenon
165.03K

Radon

211K

Remaining candidates
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Refrigerant cooking session — the ingredients
B i E

P -
3% | au ]
nxak | wax | u
I
13 o e
T ST

HnCm

13
i

14
w

15 | 16 17
v v v

18

1. 2 3 4|5|a|?|s|9 1o|11 12
I vil

1. 2 3 4|5|a|?|s|9 1o|11 12 | 13

14
w

15
v

16 17
v v

18
il

Source: ETSuS UG ] _ [
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Refrigerant cooking session — the ultimate soution
= . :

13
i

14
w

15 | 16 17
v v v

18
il

1. 2 3 4|5|a|?|s|9 1o|11 12 | 13

14
w

15
v

16 17
v v

18

1. 2 3 4|5|a|?|s|9 1o|11 12
vil !

Source: ETSuS UG ] _ [
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Refrigerant cooking session — the ultimate soution
[H] pHe
= | :

P PO 4|5|a|?|s|9 1o|11 2113|1415 16 | 17 | 18 1 2 3 4|5|a|?|s|9 1o|11 12 13 | 14|15 |16 17 | 18
I wlw v T v D oo mlwo v v I\.r|||
n-...m| -
LELY o
‘Industrial ‘ [
=
1184
Source: ETSuUS UG 3 jﬁ
(14 \
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Safety Classification of refrigerants

Lower
A “higher” classification (i.e. (chronic)

toxicity class B instead of toxdcity S =
class A, and flammability No flame A1 bl B1 R24sfa =
: propagation R410A £
class 3 instead of class 1) RA04 ®
o
means: 2
R32 3

Lower R143a

» the refrigerating system flammability AZL o &

has more demanding
design requirements,

» inorder to handle the
higher risk represented
by the refrigerant.

More one

Umwelt
Bundesamt
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Выступающий
Заметки для презентации
Changed diagram, adding refrigerant examples rh 19-03-2017 
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» R410A (R22)“ ,» RA04AA" ., R407C / R22“ » R134a“
HP, AC, small Chiller = Com., Transport AC, HP Chiller, mobile

SOURCE: ETSuS UG

4 GERATING
Umwelt 2SSO T ATION
Bundesamt

2/3/2020 E: Timm. Heat GmbH



Выступающий
Заметки для презентации
Kälte, Gewerbe: „Stationäre KA
 Solstice N41: R466A Its composition, confirmed by Honeywell is 49% R32, 11.5% R125 and 39.5 % CF3I
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|H

classification

Safety vs. “Environmenta

Toxicity
Lower Chronic Higher Chronic

Toxici Toxicit GWP
Flammability oxicity oxicity
No Flame B1
Propagation @ e ] | Highest GWP
Lower A2L B2L A2, A2L
Flammability & — | High GWP

A2 | B2 A2L

Flammable Lower GWP . -
Higher
Flammibility Lowest / GDP
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Safety vs. Enivonmental classification

I Federal Ministry

Toxicity )
Lower Chronic Higher Chronic Only Technical
Flammability Toxicity Toxicity Tackle Is GWP
AVOIDANCE of USE
No Flame B1
P ti
FOPREEER sm—— Highest GWP
Lower AL B2L —
Flammability o N Hghewp
A2 B2
A2L
Lower GWP .
Lowest / GDP
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Выступающий
Заметки для презентации
Occupational exposure limit: time weighted concentration for a normal 8 hours work day and a 400 hours work week to which nearly all workers can be repeatedly exposed without adverse effect
OSHA PEL,  Occupational safety health administration  - permissible exposure limit

ACGIH TLV-TWA, American Conference of Governmental Industrial Hygienists – Threshold limit value – time weighted average

 TERA WEEL: Toxicology Excellence for Risk Assessment -  workplace environmental exposure limit

or the MAK
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Alternative Technologies Heating and Refrigeration

e A sector and vector view: Heating and Cooling
 The role of renewable energy

 Heating: Heat Pumps and Boilers

e RAC HP: Green working fluids

e Refrigeration: Green cooling technologies

e Summary and outlook
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Leapfrog to Green Technologies

CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-
FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

Chances to leapfrog to Green Cooling Technologies

CFCs...

9

... are ozone
depletingand
contribute to global
warming

... deplete natural
resources

... are phased out by
the Montreal Protocol

Umwelt

Bundesamt

2/3/2020

.

... were introduced as
transitional
substitutes for CFCs

.. deplete natural
resources

... areless ozone
depleting but
contribute to global
warming

.. are phased outby
the Montreal Protocol

High-GWP-
HFCs...

9

... wereintroducedas
transitional
substitutes for CFCs
and HCFCs

... deplete natural
resources

... contribute to
globalwarming

... are controlled by
climate regime and
may be phased down
by the Montreal
Protocol

4

... were developed as
»Climate-friendly*
alternatives

... deplete natural
resources

... produce dangerous
hydrogen fluoride
whenthey burnand
transform to trifluoro-
aceticacidin the
atmosphere

..are patented and
manufactured by
chemical industry and
costly

HI=ZAT

E: Timm. Heat GmbH
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N

Green Cooling

Energy
efficiency

Natural
refrigerants...

$

... are naturally
occuringsubstances
that can be usedas
refrigerants in almost
all RAC applications

... aretypically more
energy efficientthan
F-gases

... do notharmthe
environment

... canbe handled
safely with due care

... are not patented

by chemical industry

and less costly than !

HFCs REFRIGERATING
ASSOCIATION
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Domestic refrigeration: Hydrocarbon success story

* More than 700 million domestic
refrigerators already use
hydrocarbons today

 HC is the standard for 50%
global production of new
domestic refrigeration
equipment

10%

0% ® By 2020, 75% of new
1992 1996 2000 2004 2008 2012 2014 2016 2020 prOdUCtion gIOba”y will use
R600a/ R290
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Light commercial HC

» self-contained water loop HC-based refrigeration systems are a clear trend
. used with leading retailers in DE ,UK - now also coming to North America, Asia and Australia
*  90% reduced refrigerant charge, better capacity than R404A and a fast break-even to recover invest.

EE a'J_J r:ggi'“"“ +

¥ 1.35 million

& JAPAN E

750,000+

CHINA EE T

¢ 291,000
NORTH AMERICA

KEY/LEGEND

500,000+ 1 million + 2 million +
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Commercial refrigeration: CO2

CO, TC STORES GROWING GLOBALLY (FEB 2018) sheccotiaze i

| Federal Ministry

714,000+

‘EUHOPE

CANADA
210+
&~
UNITED STATES J * J3AP‘AN1 00+
T e T, ‘1‘.‘ s 43
ER \3 \ —
e e o ()4 AUSTRALY
99 100+ 1000+
7 aca 102
v /‘*
41 [x
shecco ® — All rights reserved sheccobase com
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Выступающий
Заметки для презентации
three hot spots have emerged: europe, asia (mostly japan) and north america
… with different technology focus (CO2 TC vs. CO2 cascade), store formats (large vs. CVS) & retailer commitment
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Air Conditioning: Global 105 Mio/a, installed > 2 billion

Oceania
1%

North America
15%

Asia/ Southeast
. Asial
14%

~105munits

lexcl. Chinaand Jpan

ources: RAIA, AR\, BSRA(2015)
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Выступающий
Заметки для презентации
JARN (Vollständigkeit), alle systeme


$| f:ﬂfii'e}'i?ff;n’;f;t, Nature Consenaton CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-
an uclear >are
FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

Viable application of HCs in air conditioners

No.neasures

llEaSyll
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* Fighting climate changes requires RES and
green technologies

 Most RES are electrical

 HPs most favourable to RES heating
 Green technologies available for RAC&HP
e AND for UA: HP LCC < Boiler
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Federal Ministry
for the Environment, Nature Conservation
and Nuclear Safety

CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-

FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

ummary

Boiler “New EE HP

Heating capacity (kW) (Tedsign at - -10 °C) 15 15
Unit price (USD) 1.000 8.000
Installation price (USD) 1.800 200
Maintenance cost (USD/year) 20 20
Total investment (USD) 2.820] 8.220
SCOP 3 4
Total input power (kW)

Energy consumption (kWh/year) 27.409)| 6.781
Annual electricity cost (USD) 19/ 237
Gas price (USD/year) 1.654)-

Total energy cost (USD/year) 1.674] 237
LCC (USD) 14.875] 9.912

Umwelt

E: Timm. Heat GmbH
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Climate Conditions for Heating (and cooling?)

Koppen-Geiger climate classification map for Ukraine (2071-2100)

Arid, desert, cold (BWk)
Arid, steppe, cold (BSk)
Temperate, dry summer, hot summer (Csa)
Temperate, dry summer, warm summer (Csh)
Temperate, no dry season, hot summer (Cfa)
Temperate, no dry season, warm summer (Cfb)
B Cold, dry summer, hot summer {Dsa)
B Cold, dry summer, warm summer (Dsb)
==

el Cold, no dry season, hot summer (Dfa)

[ o Coldy a0 dry imer (Dfb)
L et s
Paos e,
r'; ! J.t—-’“ \' J
4% = pe
& e )
) pe 4
4z 3 ol
s L - 5‘
— \.\
1,‘;'-";-,"'1"3

Source: Beck et al.: Present and future Koppen-Geiger climate classification maps at 1-km resolution, Scientific Data 5:180214, doi:10.1038/sdata.2018.214 (2018)
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Heat pumps basics

DN
N
/TN |
‘Tﬂ
m ! Primary energy
Air . o
? Verdichten
Ground Radiator
Verflissiger |
Water Entspanne Floor
. p Il heating
Heat Source Heat Pump Heat Sink, distribution and storage

Bundesverband
Warmepumpe eV,
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and Nuclear Safety
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Energy sources and renewables

EU 28: 2008 DE: 1990 — 2015
Primary energy sources Electricity production from RES

Entwicklung der Stromerzeugung aus erneuerbaren Energien in Deutschland

Coal and 0 1874
lignite § o=
17.0 % Geothermal - .

g = 1614
) - D 2
Biogas 7.2 % £ S e
Nuclear H 124
13.4 % S
Natural gas -~ e —
24.5 % Wood and g g
Other fuels wood waste 2 120
0.2 % 67.5 % =2 1044
S w0 932 949 ]
{ s -
§° 80 76
Renewables & 625
8.4 % 2 w %6 .
: o o m il
1S
Municipal § o o - = .
solid wastes % =
14.1 % § o W
3
N [ il
]
1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
i Solar 1.1 %
3605”% ? W Wasserkraft Windenergie Bl Biomasse® B Photovoltak [ tiefe Geothermie
* inklL feste und fassige Biomasse, Biogas inkl Kiar- und und dem bi Antedl des Abfalls, ab 2010 inkl ; BMWi auf Basis
Erneuerbare Energien-Statistik (AGEE-Stat); Stan& Dezember ?DIS Angaben vorliufig
Source: eea Source : BMWi nach Arbeitsgruppe Erneuerbare Energien-Statistik (AGEE-Stat)
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Commercial: Supermarkets (plug-ins and centralised) Europe

FINLAND
TOTAL TOTAL TOTAL NORWAY E
Hydrocarbon Indirect Ammonia Indirect Hydrocarbon O

Plug-in UNITS SUPERMARKETS SUPERMARKETS

g SWEDEN
E ESTONIA
= B B3 425, S

® [ ] @ @ ® ® IRELAND DENMARK LATVIA

NETHERLANDS .EE LITHUANIA g
> = P

R BELARUS
® . ' POLAND

B - L [ 10)
T mm Z

e e ® ® « + CZECHREPUBLIC
LUXEMBOURG SLOVAKIA
EEANCE ..E’ AUSTRIA® * .E.I
SWITZERLAND HUNGARY
E ROMANIA
‘ SLOVENIACROATIA E
PORTUGAL o

'@ S E E BULGARIA
‘= '@ ITALY SERBIA E
2 =R

GREECE

ey

Source: Shecco, 2014
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Light commercial in Japan

« 1.35 million beverage vending
machines in Japan use either
hydrocarbons or CO2

0.10% 0.55%
2005 2006

carbon dioxide « npatural refrigerants make up
hydrocarbons over 50% of the market

o from 0.1% to 52% market share
in just 10 years ! = a clear
Japanese success story
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Alternative Refrigerants (selection)

Refrgerant GWP ~NBP/NDP Critical Critical Klasse CLP LFL LFL S, H, ATEL / ODL
(AR4/AR5) /°C Temp. Pressure 1SO 817 classification Kg/m3 Vol% burning Verbrenn.- / kg /m3
/°C / MPa velocity wirme
/cm/s / MJ/kg

R32 0 675/677 -52 78 5,8 A2L H220/H280 0,307 14,2 6,7 9,5 0,300
R152a 0 124/138 -25 113 4,5 A2 H220/H280 0,130 4,7 23 16,3 0,140
R290 0 3/3 -42 97 4,2 A3 H220/H280 0,038 2,1 46 46,3 0,090
R454B 0 698/676 -51/-50,2 77 A2L H220/H280 0,298 7,3 5,2 9,9 0,47
R454C 0 148/146 -45,9/-39,9 82 A2L H220/H280 0,289 6,1 <4 10,5 0,37
R466A 0,01- 733 -51,7/-50,2 80,6 5,9 Al H280 - - - - ?

0,05
R600a 0 3/3 -12 135 3,6 A3 H220/H280 0,043 1,8 41 45,6 0,059
R717 0 0/0 -33 132 11,3 B2L H221/H280/H3 0,116 16,7 7,2 18,6 0,00022

31/H314/H410
R718 0 0/0 100 374 22,1 Al - - - - - -
R744 0 1/1 -78 31 74 Al H280 - - - - 0,072
R1234ze(E) 0 4/1 -19 109 3,4 A2L - /H280 0,303 6,4 1,2 10,1 0,28
R1234yf 0 7/1 -26 95 3,6 A2L H220/H280 0,289 6,1 1,5 10,7 0,47
P rima ry * 1SO 817 Nominal Formulation or WCF
REFRIGERATING
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Выступающий
Заметки для презентации
H221: Entzündbares Gas. 
H280: Enthält Gas unter Druck; kann bei Erwärmung explodieren. 
H331: Giftig bei Einatmen. 
H314: Verursacht schwere Verätzungen der Haut und schwere Augenschäden.
 H410: Sehr giftig für Wasserorganismen mit langfristiger Wirkung. 

WCF: kritischste Zusammensetzung bei Anwendung der Zusammensetzungstoleranzen
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Relevant publications

Policy and market:
e GCl Market trends in selected refrigeration and air conditioning subsectors

e Promoting Food Security and Safety via Cold Chains
e RAC Inventory Vietham

e RAC Inventory Philippines
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https://www.giz.de/en/downloads/giz2015_en_gci_study_market_trends.pdf
https://www.giz.de/en/downloads/giz_2016_Food_Security_Cold_Chains.pdf
https://www.international-climate-initiative.com/fileadmin/Dokumente/2019/20190228_GHG-Inventory-RAC-SectorVietnam_2018.pdf
https://www.international-climate-initiative.com/fileadmin/Dokumente/2019/20190806_PHL_RAC_GHG_inventory_report_web.pdf
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Relevant publications

Technical:
e Good practices in refrigeration (primarily refrigerators)

* |nternational Safety Standards in Air Conditioning, Refrigeration & Heat
Pump
e Guidelines for the safe use of hydrocarbon refrigerants

e (4 resources guide for R290 Split Air Conditioners (as soon as published)
e Safe use of hydrocarbon refrigerants (focus on training, will be published)
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http://www.unep.fr/ozonaction/information/mmcfiles/7431-e-GTZ_refrigeration_manual_2010.pdf
https://www.giz.de/en/downloads/giz_2018_Safety_Standards.pdf
https://www.giz.de/en/downloads/giz_2018_Safety_Standards.pdf
http://hydrocarbons21.com/files/gtz-hydrocarbon-refrigerants-guidelines-safety.pdf
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Relevant publications

U4E publications:
e (Country assessment
https://united4efficiency.org/country-assessments/ukraine/
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https://united4efficiency.org/wp-content/uploads/2017/05/UKR_U4E-Country-Assessment-Report.pdf
https://united4efficiency.org/country-assessments/ukraine/
https://united4efficiency.org/country-assessments/ukraine/
https://united4efficiency.org/country-assessments/ukraine/
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Contact :

Twitter @HEAT_GmbH
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