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and Nuclear Safety
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* Ozone Depletion Thesis:
Molina & Rowland & Crutzen 1974
* CFCs as major contributor

Source: NASA Goddard Space Flight Center from Greenbelt, MD, USA - Snapshot of the Antarctic Ozone Hole 2010, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=69017095
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Global Warming

Sep 1984 Sep 2016
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The Greenhouse Effect

Heat energy re-radiated by

Source: Aloose necktie - Own work, CC BY-5A 4.0, https://commons.wikimedia.org/w/index. php?curid=78336181
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Gloabl Warming

GWP: Global Warming Potential: relative contribution to Greenhouse Effect

* Relative to CO, = 1, e.g. R134a = 1430

» Calculated for a certain period (standard 100 years)
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Quelle: IPPC / TEAP Special report: Safeguarding the Ozone Layer and the Global Climate System —
s and Perflourcarbons

Issues Related to Hydrofliurocarbon:
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N:0 HFC PFC
gU= 1.8% 0.5% 0.4% SFa
TR T ‘ g T 03%

= \'—\tw-'ﬂ
Y

-
=

CO:

Quelle: http://www.meti.go.jj i ical_management/ozone/files/pampl 08e_basic.pdf
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Fighting the consequence: Environmental Legislation

e Global Conventions
e Ratification

e EU Targets
e EU Legal Instruments

e National Laws
e Standards”
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L

Environmental Legislation: Example EU and Germany

I ODS I S ”.EC(,),- I,Labelling” I,Buildings”
| Design
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The need for global GHG mitigation
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Climate Conventions

 Montreal Protocol (1987) 197 countries as parties (all UN members)
— Based on Vienna Convention (1985)
— Originally focussed on Protection of the Ozone layer
— Phase out/down of ODS Ozone Depleting Substances

— Broader approach on GHG Greenhouse Gases
— Kigali Amendment (2016):
* Focussed on phase down of F-Gases
* 15% target value of baseline
* Kyoto Protocol (1997) 191 countries + EU ratified
— Focussed on GHG emissions

— Paris agreement (2015) to limit global warming to 1,5 °C, ratified by
185 nations
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Environment Regulation - Alternative Technologies RAC&HP

e Background Motivation

“ Environmental Regulations — Example Case EU
* The role of renewable energy

 RAC HP: Green working fluids

* Heating. HP and boilers

* Refrigeration outlook: Green cooling
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Direct Emission EU-Regulations

e ODS:

“REGULATION (EC) No 1005/2009 OF THE EUROPEAN PARLIAMENT AND OF
THE COUNCIL of 16 September 2009 on substances that deplete the ozone
layer”

e F-Gases:

“REGULATION (EU) No 517/2014 OF THE EUROPEAN PARLIAMENT AND OF
THE COUNCIL of 16 April 2014 on fluorinated greenhouse gases and repealing
Regulation (EC) No 842/2006”
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F-Gas Regulation - Content

ot Lcomtent L arices
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General Provisions

Containment (“Emission reduction”)

Placing on market — control of use

Reduction of quantity (“Quota allocation”)
Reporting

Final provisions

Annex | controlled substances

Annex Il substances under reporting

Annex Il Placing on market prohibitions (“Dates”)

Annex V Maximum quantities (“Phase down”)
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F- Gas Regulation at a glance

m ‘ Reduction CO,-Equ. F-Gases
A Kigali Target

mm : : Ban Service
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F-Gas Regulation: The quota effect

Average purchase prices of various HFC refrigerants

(price index, 2014 = 100 %)
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Source: Oko-Recherche (2019)
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Indirect Emission EU-Regulations

* ErP-Directive (“Eco-Design”)

“DIRECTIVE 2009/125/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 21 October 2009 establishing a framework for the setting of
ecodesign requirements for energy-related products”

* Energy Performance of buildings (EPBD)

“DIRECTIVE (EU) 2018/844 OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 30 May 2018 amending Directive 2010/31/EU on the energy
performance of buildings and Directive 2012/27/EU on energy efficiency”
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Basic Concept of MEPS and Labelling
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Labelling

Effectivity Sustainability?
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o Washing machines DE

100% = 8

90% - BA++

80% - !
WA+

70% + ®

60% 1 oA .

50% -H 4qo,

S
durchschnitl. Kapazitit [kg]

40% oB

w

30% -

N

oc

20% A
10% +

Rel. share % / class
Rel. share % / class

@D

0% -

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2000 2005 2010 2015

Source: B. Schappi, EU-Prozess zur Entwicklung von Ecodesign-Standards und Labels — Aktueller Status, Chancen und Herausforderungen fiir den Zeitraum 2012-2014
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Eco-Design Directive: Lots

Lot Prodcut Group Status

ENER 1 Space Heaters VO (EU) 813/2013, VO (EU) 811/2013
ENER 2 Warmwater Heaters VO (EU) 814/2013, VO (EU) 812/2013
ENER 10 Domestic AC VO (EU) 206/2012, VO (EU) 626/2011
ENER 11 Electric motors VO (EG) 640/2009

ENER 11 Pumps VO (EG) 641/2009

ENER 11 Fans VO (EU) 327/2011

ENER 13 Domestic Refrigeration VO (EG) 643/2009, VO (EU) 1060/2010
ENER 17 Vacuum cleaners VO (EU) 666/2013, VO (EU) 665/2013
ENER 21 Central air heaters VO (EU) 2016/2281

ENER 31 Compressors Consultation

ENTR1 Process Chillers VO (EU) 2015/1095, VO (EU) 2015/1094
ENTR 6 AC, Ventilation VO (EU) 1253/2014, VO (EU) 1254/2014

24.09.2019

Umwelt
‘ Bunde;amt

Edgar Timm, Heat GmbH 20

REFRIGERATING
ASSOCLATION
DF UKRALNE 3.



R | e ot Nature Conseration CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-

and Nuclear Safety
FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

Key indicators for energy efficiency

JAZ (VDI 4650)
CoP SCOP (N 14825) 1z, SPF

EN 14511 SEER (ASHRAE 116) (Several Projects
EER PLV Market Surveillance)

CALCULATED

MEASURED
with defined

MEASURED
(Standard Rating in field under real

methodology

Conditions) conditions

Source: According M. Miara et al “Warmepumpen”, Fraunhofer IRB Verlag2013 own rework ETSuS UG
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Seasonal efficiency

Yearly hours per temparature
600
W COLD WAVERAGE i WARM
500
400
=
£ 300
=}
£
200
100
: .....|||I||||.|. |
-22-21-20-19-18-17-16-15-14-13-12-11-10-9 -8 -7 6 5 4 -3 -2-10 1 2 3 45 6 7 B 9101112131415
Temperature /°C
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Energy sources and renewables

World. Total Energy Consumption

Renewable
® Traditional biomass 9%
* Bio-heat 26%
Ethanol 0.34%
= Biodiesel 0.15%
Fossil Fuel 78.4% . :;opommm’;eo:mm gg&‘s
* Wind 0.39%
' Solar heating/cooling  0.16%
* Solar PV 0.077T%
* Solar CsSP 0.0039%
* Geothermal heat 0.061%
* Geothermal electricity 0.045%
e ——— * Ocean powar 0.00078%

T Nuclear 2.6%

Total World Energy
Consumption by
Source (2013)

Source: By Delphi234 - Own work, CCO, https://commons.wikimedia.org/w/index.php?curid=33567170
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DE: 1990 — 2015
Electricity production from RES

Entwicklung der Stromerzeugung aus erneverbaren Energien in Deutschland
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REFRIGERATING
ASSOCLATION
DF UKRALNE .3

E: Timm. Heat GmbH 24



‘|

Federal Ministry
for the Environment, Nature Conservation
and Nuclear Safety

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

Use of renewable energy

B >60% )
Bl 50-60% “

40-50%
30-40 %
20-30%
10-20%

B 5-10%

Renewable issues

* Installed capacity vs. use
(consumption)

* Power vs. work (kW vs kWh)

 Work vs. energy (time,
location)

 Demand vs. production
* Primary vs. useful energy

-
[ J
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

N

m

Thermal =——

14___.9

| | L [N REFRIGERATING
Umwelt ]| "~ ' N | ASSOCIATION
Bundesamt ez [V 4
: | e | fam® DF UKRALNE 7.

9/24/2019 E: Timm. Heat GmbH 26

I‘/'

i@:
A

7yﬂ




R I ::r:;;:'EF:?%%em.NatureConservation CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-
and Nuclear Safety
FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

Primary and — useful energy

Primary energy Energy consumption DE 2013 Use of energy
Rest 9.269 PJ (Peta-Joule) = 2.575 TWh
6,6 %

Electrical
7.4 %

Electrical
23,8 %

Mechanical
36,5 %

Mechanical

Heat

(Space + WW)
Heat 34,8 %
33,1 % Heat
(Process)
21,3 %
Quelle, i o g
BMWi Energiedaten 03.2015 L - DF UKRALNE 3.
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Coupling the (v)sectors

Old world - Separate (central) production
‘n;; and(decentral) consumption
« Separate sectors and vectors:
« Electrical, thermal, mechanical
« Domestic, traffic, commercial,
industrial

« Combined decentral
production/consumption: Prosumer

« Sector and vector coupling

« Smart Grids

* Need for storage, transformation
and distribution

Source: bwp Bundesverband Warmepumpe e.V
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Heat Pumps in Smart Grids
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Environment Regulation - Alternative Technologies RAC&HP

e Background Motivation

* Environmental Regulations

* The role of renewable energy

® RAC HP: Green working fluids
 Heating. HP and boilers
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and Nuclear Safety

Refrigerants — Historical Devlopment

Ozone Depleting Substances (ODS):
Artificially substances and significant

“Natural Refrigerants”

HNZCH)’ (IZ_I%, H,0, CO,, high Global Warming Potential (GWP)
3 Hs, SO,, HC highest environmental impact

No Ozone Depletion Potential (ODP),
but high GWP

HFOs, 1930

2010

Kyoto
Blends Protocol CFCs -
O No ODP, lower (GWP) artificial

substances with lower environmental
impact

Naturally occurring substances with
lowest environmental impact, (no ODP
and lowest GWP)

Protocol

1990 /1987 1980

HFCs

Source: Danfoss, rework Heat
GmbH, ETSuS UG, KulmbachE
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Refrigerants

* CFCs, HCFCs, HFCs
— R11, R22, R134a, R32, R125
*  Mixtures

— Azeotropic
* R502, R507

— Non/Azeotropic
* R410A, R407C

* HFOs
— HFO1234yf, HFO1234ze,

* Natural Refrigerants”
— R744,R717, ...

* HCs
— R290, R170, R600a3,

L
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Refrigerants: The ideal choice

RT44
R410A

— RW0AA
3 1 — ®1270
% — RT17
=
g O — w290
e
i3 m134a
LR e’
— RO00s
./"
0,001 - LrAL )
40 <30 20 <70 0 W0 20 30 &0 SO
Temperatur in °C
Quelle: https://efficient: c hine-echiller,
fgerufen 7.9.2017
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Refrigerant cooking session — the ingredients

n v v Vi Vil | VIl

Woasmvtefl

226K - B ‘ m
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Refrigerant cooking session — the ingredients — What's left?

Do not form gases Ozone depleting Remaining candidates
Do not react at all Greenhouse effect
Toxic

Ums e us UG - | 7;:’74 V4 g REFRIGERATING
Bundesamt ml wﬁ.,r il il I ASSOLLATLON
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SRR 291k

|IDR, AC, HP |
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A “higher” classification (i.e.

toxicity class B instead of
class A, and flammability
class 3 instead of class 1)
means:

» the refrigerating system
has more demanding
design requirements,

» in order to handle the
higher risk represented
by the refrigerant.

Umwelt
Bundesamt

9/24/2019

Safety Classification of refrigerants

Lower
(chronic)
toxicity
R22
R744
No ﬂame. A1 it og
propagation R410A =]
R404 [0}
E
R32 o}
Lower R143a =
i R1234yf e
flammability AzL

R1140

e
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SO 817: Safety Classification — Flammability Classification

Flame- H, S,
propagtion Combustion Flame-
Heat velocity

/ ki/kg / cm/s
(25°C;101,3 (23 °C; 101,3 kPa)

Reference (60 °C; 101,3 (23 °C; 101,3

kPa) kPa) kPa)
1 Nein NA NA NA
Gel 2L Ja >3,5 <19.000 <10
2 JA >3,5 < 19.000 > 10
3 JA < 3,5 or >19.000 ND

Quelle: Challenges of the New Landscape of Flammability. Kenji
Takizawa,. 1st lIR International Conference on the Application of
HFO Refrigerants, Birmingham, 3-5.9.2018

»Flammability is not a fluid property, it is question of measurement methods and definition!*
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The Safety vs. “Environmenta
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|”

Toxicity

Flammability

No Flame
Propagation

Lower
Flammability

Flammable

Higher
Flammibility

Umwelt
Bundesamt

9/24/2019

Lower Chronic Higher Chronic

classification dilemma

Toxicity Toxicity
B1
.
e o

E: Timm. Heat GmbH

GWP

Highest GWP

Lowest / GDP
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» R410A (R22)“ ,» R407C / R22“ » R134a“
HP, AC, small Chiller = Com., Transport AC, HP Chiller, mobile

SOURCE: ETSuS UG
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Alternative Refrigerants (selection)

Bundesamt

Refrgerant GWP ~BP/NDP Critical Critical Klasse CLP S, H, ATEL / ODL

(AR4/AR5) /°C Temp. Pressure 1SO 817 classification burning Verbrenn.- / kg /m3

/°C / MPa velocity wirme
[ em/s / Mi/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 rrma ry * SO 817 Nominal Formulation or WCF
REFRIGERATING
Umwelt \ Releva nce ASSOCIATION

DF UKRALNE ..
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Environment Regulation - Alternative Technologies RAC&HP

e Background Motivation

* Environmental Regulations

* The role of renewable energy

 RAC HP: Green working fluids

® Heating. HP and boilers

* Refrigeration outlook: Green cooling
* Summary

Y T LI N

f 1=l A [~ REFRIGERATING
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@
(

Electrical

Space Heating: New Build — Renovation

-—
© 00 L O O 1 @&
S— - S— .
Umwelt D= A 1Y REFRIGERATING
H=AT Ty
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Heat pumps basics

L

Ground

({

Water Ent . Floor
ntspannen heating
N
= —?,.4
Heat Source Heat Pump Heat Sink, distribution and storage

et A T
Bundesamt ) Sl
B DF UKRALNE 3.
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Heat pumps basics (typical serial product)

L

Air-Source Ground-Source Water-Source

« Source temp : min. -20 °C + Source temp : min. 0 °C + Source temp : 10 °C

« Capacity: 5- 60 (100) kw + Capacity: >10 - 150 kW « Capacity: > 10 - 200 kW
« SPF:~3 « SPF:.~4 « SPF:-~5

el A\ Y o P
Bundesamt ) 5 SOC
J DF UKRALNE ..
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Heat Pump Development DE

Warmepumpen-Marktanteile in Deutschland
Baugenehmigungen neuer Wohngebaude 2014 - 2018

111.610 120.771 125.157 119.060 117.869 Anzahl genehmigter Wohngebdude

ol B B R B
. 0. 0. 0. B
80% 53,2%.53,3%l46,9%.41,8%.41,0%
70%
60% . . . W Gas
. B Warmepumpen

50% —_— _—
15.8 % 132 Sonstige
40% — LY =y / (z.B. Fernwarme, Holz,
16,5%  155% 01, Strom, Solarthermie,

30% Biogas)
20%
10%

0%

2014 2015 2016 2017 2018

Quelle: Statistisches Bundesamt, Bautatgkeit, Baugenehmigungen fur Ry
Wohngebaude nach primar verwendeter Energie zur Heizung b w p -

— REFR: T
el = G
Bundesamt
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Heat Pump Development

DE

Absatzentwicklung Warmepumpen in Deutschland 2000-2018
Nach Warmepumpen-Typen

100.000

90,000

80,000

70,000

60.000

50.000

40.000

30,000

20.000

o g

0
W00 JOOT 2002 003 2004 0T 006 2007 008 TOOP 0O J0T1 2012 2003 T4 01T JOMe 2017 08

LU0 15000 (4000 15NN 18900 ZL%00 ST A0 TAOO0 ATN00 #0000 MO0 M90S JLO00 TILY0 4.%0 NOm 91.%0 .00
Luft-warmepumpen W Sole-Warmepumpen I Grunoy “Wirmepumpen Bl Warmwasser-Wirmepumpen
R bwpe
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Europe

® H-ground/water -
® . air'water - -
Reversible air-air wheating - .

® Exhaus! air
¥ Sanhary hot water

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
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L

Heating Technologies - Assessment

- Ecological

“Fossil’ Electrical

L

>

Gas Qil Direct
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/
<—-Condengng

\
Non-

Condensing

\Ang: New Build — Renovation
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Primary energy assessment acc. VDI 4650

Endenergie / final energy

Nutzwarme / useful heat Primarenergie /

| i
H P ! primary energy :
rb Antelle / H
D3 fenewsbie shares: ; £, - 20 PE = EE, - PEF, 3
"‘ +(EE g+ EEyy + EE,,) PEF, |
¥. ,.'.Esol ™ Qsol': E
\! EE,, = Ow E
i S SCOP,, i
Solar thermal i v o
i % s by = Qs
flis {
1”“ N \
sl g it \
el. back up Q| N X
i AR !
ey e

0 T I e L P e L2
,’

Bild 8. Berechnung der End- und Primarenergie einer bivalen-
ten Warmepumpenaniage mit mehreren Warmeerzeugern
(z = Stromverbrauch der Solarpumpe)

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)

H=AT

E: Timm. Heat GmbH 52

Source: VDI 4650 Rework ETSuS UG
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Heating Technologies CO2 — Emissions for renovation

coz CO, co,

7370 Wl 3,960 kg/a 70 kg/a
Gas- Warmepumpe Wirmepumpe
Brennwertkessel Brennwertkessel (JAZ 3,8) mit Okostrom
Nutzungsgrad 0,9 (JAZ 3,8)

CO,-Faktor Strom 2016 nach GEMIS 5.0 fUr Stromnetz lokal

Einfamlilienhaus, 156m? Nutzflache, 170 kWh/(m?#a)
Helz- und Trinkwasserwdrmebedarf,
Indirekt behelzte Trinkwasserspeicher

JAZ = Jahresarbeltszahl bw p Wamepumpe ¢

5 REFRIGERATING
Umwelt | et Asszémuou
Bundesamt =
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9/24/2019 E: Timm. Heat GmbH 53



R | f‘:,:ég'e}‘i?ﬁés‘n?nem.Namreconsemon CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-
and Nuclear Safety
EFFICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

Heat Pumps vs. Boilers

Heat Pump Boiler

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

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

* Application temperature+0 <+ Application temperature ++ -

* Best RESfit * Low RES fit

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

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

* Running costs 0 * Running cost 0

e LCC? e LCC?

L —— “a o
1 1lm=] A [Inor REFRIGERATING
— ¥ 4 9 s
Un:.v;elt " o 1B VAYE ASSOCIATION
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Indirect emissions: climate change in DE, role of HPs

*  Building envelope, installed technology und
energy production

[y
o
[EEY
&
~

J 3 main scenarios

2015 =
2030 me=
2040 m—1
2040

© 1050
2020 we= !
2020 =

— EL und TM projection: significant increase
of HP use

— RF: ,Reference”: % 16 q 1
) . “ . o 14 13,1 13,6
— EL:,Electrification”: HP, Increase RES in E- S
Production = 12 - -
10 i ]
* EL8O )
=3 8 714 el B 7,4
« EL95 g , s s
. oy . 5,4
— TM: ,Technology Mix“: GHG-mitigation - ?_: 6 2 B -3 =1t
RES Electricity, synthetic Bio-Fuels T 4 Wi o 34 S
£ 2 T ST
« TM95 0
o [oNe) [oNe) [ololoNe] [oNeoNe)
3 383 23 8338 8338
(o\] NN NN aNANAN AN NN
8 EL95 5

292020 =
© 2050

m
-
o)
-
<
-
<
(X}

Source; dena geea Gebaudestudie, rework ETSuS UG
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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)
B Temperate, no dry season, warm summer (Cfb)
W Cold, no dry season, hot summer (Dfa)
I Cold, no dry season, warm summer {Dfb)
W Cold, no dry season, cold summer (Dfc)
. Polac.tundra (ET b, v

Source: Beck et al- Present and future Koppen-Geiger dimate classfication maps at 1-bm resclution, Scientdfic Data S-180214, doi: 10, 1038<cats. 2018,214 (2018)
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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 (Csb)
Temperate, no dry season, hot summer (Cfa)
Temperate, no dry season, warm summer (Cfb)
Cold, dry summer, hot summer (Dsa)
Cold, dry summer, warm summer (Dsb)
Cold, no dry season, hot summer (Dfa)

; - 3 =7 B Cold; s dry.seasan.warm summer {Dfb)
. ! e — 7 -
thanSs 5 e L i Y
e, e _md
§ , N { J N 5 B
= A e F
v = = \
< et S _—
—r ' e & N ',‘? y
\ £ ’
7 po—
< */ % =
- ¢
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Environment Regulation - Alternative Technologies RAC&HP

e Background Motivation

* Environmental Regulations

* The role of renewable energy

 RAC HP: Green working fluids
 Heating. HP and boilers

® Refrigeration outlook: Green cooling

 Summary
31| A I~ REFRIGERATING
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Cooling Technologies — New working fluids

A
107
108 - absorption
systems
105
=
S~
2 10T
b Stirling
o
8 103F systems
Joule thermg
102k PR magnetic
systems
101 -
1000
q 'l
0 200 250 300 350
Source: ETSuS UG Temperatu re / OK
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|

Leapfrog to Green Technologies

( Chances to leapfrog to Green Cooling Technologies

Bundesamt

DF uiiRAmt cit,

. J
/
‘ .
Green Cooling
High-GWP- Natural Energy
HCFCs.. I 2 +
HFCs... refrigerants... efficiency
\ N —/V
.. are ozone .. wereintroduced as .. wereintroduced as .. were developed as ... are naturally
depleting and transitional transitional Climate-friendly* occuringsubstances
contribute to global substitutes for CFCs substitutes for CFCs alternatives that canbe usedas
warming and HCFCs refrigerants in almost
.. deplete natural .. deplete natural all RAC applications
... deplete natural resources ... deplete natural resources
resources resources ... aretypically more
.. areless ozone ... produce dangerous energy efficientthan
... are phased outby depleting but ... contribute to hydrogen fiuoride F-gases
the Montreal Protocol  contributeto global globalwarming when they burnand
warming transform totrifluoro- ... do not harmthe
... are controlled by aceticacidin the environment
... are phased outby climate regime and atmosphere
the Montreal Protocol may be phased down can be handled
by the Montreal ..are patented and safely with due care
Protocol manufactured by
chemicalindustry and ... arenot patented
costly by chemical industry
and less costly than .,v,-?
Q T HFCs RIGERATING

9/24/2019
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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

« By 2020, 75% of new
1992 1996 2000 2004 2008 2012 2014 2016 2020 prOdUCtiOn g|0ba”y will use
R600a/ R290

| : fﬁéﬁﬁ;cem‘rmc
gml‘z::itamt ASSOCLATION
DF UKRALNE 7.
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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.

B 2 piion

; 1.35 million
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Commercial refrigeration: CO2

CO, TC STORES GROWING GLOBALLY (FEB 2018) shecco’ . 3k
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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, ARN, BSRA(2015) il —
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Viable application of HCs in air conditioners

No.neasures

IlEasyII
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Environment Regulation - Alternative Technologies RAC&HP

e Background Motivation

* Environmental Regulations

* The role of renewable energy
 RAC HP: Green working fluids
 Heating. HP and boilers

* Refrigeration outlook: Green cooling
FSummary
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Summary- Outlook
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Contact :

Twitter @HEAT _GmbH
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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) 27.4091 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
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Commercial: Supermarkets (plug-ins and centralised) Europe

FINLAND
TOTAL TOTAL TOTAL NORWAY

Hydrocarbon Indirect Ammonia Indirect Hydrocarbon
Plug-in UNITS SUPERMARKETS SUPERMARKETS SWEDEN
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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 « natural refrigerants make up
hydrocarbons over 50% of the market

« from 0.1% to 52% market share
In just 10 years ! = a clear
Japanese success story
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Safety vs. Enivonmental classification

Toxicity .
Lower Chronic Higher Chronic Only Technical
Flammability Toxicity Toxicity Tackle Is GWP
AVOIDANCE of USE
No Flame B1
P ti
FOPSEEEEN S Highest GWP
Lower AL B2L —
Flammability o N Hghewp
A2 B2
A2L
Lower GWP .
Lowest / GDP
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Relevant publications

Policy and market:

« GCI Market trends in selected refrigeration and air conditioning subsectors
* Promoting Food Security and Safety via Cold Chains
e RAC Inventory Vietham

e RAC Inventory Philippines

REFRIGERATING
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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/2019/20190228_GHG-Inventory-RAC-SectorVietnam_2018.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/2019/20190228_GHG-Inventory-RAC-SectorVietnam_2018.pdf
https://www.international-climate-initiative.com/fileadmin/Dokumente/2019/20190806_PHL_RAC_GHG_inventory_report_web.pdf
https://www.international-climate-initiative.com/fileadmin/Dokumente/2019/20190806_PHL_RAC_GHG_inventory_report_web.pdf
https://www.international-climate-initiative.com/fileadmin/Dokumente/2019/20190806_PHL_RAC_GHG_inventory_report_web.pdf
https://www.international-climate-initiative.com/fileadmin/Dokumente/2019/20190806_PHL_RAC_GHG_inventory_report_web.pdf

R | f:i’é;é'e?i?;'isﬁ?nent.mmconsemﬁm CAPACITY BUILDING ON INNOVATIVE APPLICATIONS OF ENERGY-
and Nuclear Safety
FICIENT CLIMATE-FRIENDLY COOLING AND HEATING TECHNOLOGIES

Relevant publications

Technical:
* Good practices in refrigeration (primarily refrigerators)

* International Safety Standards in Air Conditioning, Refrigeration & Heat
Pump
 QGuidelines for the safe use of hydrocarbon refrigerants

e C4 resources guide for R290 Split Air Conditioners (as soon as published)
« 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:
 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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Labelling

Effectiveness Sustainability?

Refrigerators DE

o Washing machines DE
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Source: B. Schappi, EU-Prozess zur Entwicklung von Ecodesign-Standards und Labels — Aktueller Status, Chancen und Herausforderungen fiir den Zeitraum 2012-2014
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L

MEPS & Labels: Rescaling —the new case in the EU
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Fuente: Draft regulation
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Heating and Cooling

Domestic Commercial Industrial Temp.
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Gas -
- o)
| .OI| T
(Electricity)
Ambient
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Heating Generation by type DE

..z. Marktentwicklung Warmeerzeuger 2005-2015

735.000 762.000 550.000 618.500 638.000 612.500 629.000 650.500 686.500 681.000* 710.000
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BDH

Bundesverband der * Eine Erweiterung des Meldekreises in der Produktstatistik ,Biomassekessel” im Jahr 2014 fithrte zu héheren
Deutschen Heizungsindustrie Stiickzahlen im Vergleich zum Vorjahr. Die prozentuale Entwicklung zum Vorjahr ist aber negativ.
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