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Projektet :Application of Industrial Heat
Pumps IEA Heat Pump Program Annex 35

Deltager lande: @strig, Canada, Tyskland, Holland, Frankrig,
Japan, Syd Korea, Schweiz, Danmark (DTU, Coolpartners, Advansor,
Grontmij)

Madlszetning:

Indsamle information om igangvaerende projekter.
Publiserer og evaluere resultater

Lave guidelines til nye projekter og implementering
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Tasks:

Task 1: Market overview, barriers for application
Task 2: Modeling calculation and economic models

Task 3: Technology high-temperature heat pumps, process technological
integration, refrigerants

Task 4: Application and monitoring, easy to install standard solutions, operating experience
energy effects
Task 5: Communication awareness of potential (policy paper) ,internet, database, training.



Markeds potentialer

Final Energy Consumption
-EU 27- by Sector (2007)
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EU27 CO, Emissions by sector 2007 (Mt)
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Energi forbrug i den Danske Fremstillings Industri baseret pa
processer
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m Boiler and pipelossesycn 2 ¢'5"

B Preheating and boiling

B Drying

B Evaporation & concentration

M Destillation

M Burning/Sintering

B Melting/Casting

M Heat up to 150 °C

M Heat above 150 °C

M Transport

M Lightning

B Pumping

m Refrigeration/frezing

M Fans and blowers
Compressed air and proces air

M Cutting/separating

= Mixing
Other electrical motors
Computers and electronics
Other electrical users

Space heating

Source: Kortlaegning af erhvervslivets energiforbrug, November 2008, Energistyrelsen



Markeds Barrierer
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Profatibilitet; Minimum 30,00
COP pa 2,3 fgr der er et s 00
positivt afkast set i forhold til ' //
gas 20,00
3 —
'S 15,00 B
Fokus pa genanvendelse " o000 ~— _—
N - ’ e —_—
til rumopvarmning; Det —_ _—
danske afgiftssystem er en >00
udfordring. 0,00 . ; ; ; ;
2008 2010 2015 2020 2025 2030
. . === Qjl Euro/G) =—=Gas Euro/GJ Coal Euro/G) Power Euro/GJ

Viden: Mangel pd viden og
e;f?rlgg glver_ (?gjé i Source 2008 20100 2015 2020 2025 2030
udrordringer 1 inaustrien.
Fokus p& produktet ikke oil Euro/G) | 11,42 9,25 11,57 13,18 1424 1532
pa e"ergy:é producenterne Gas Furo/G) | 671 554 7,73 88 959 10,33
har fokus pa deres produkt ,
energl er ikke deres hoved Coal Euro/GJ 3,29 2,87 2,82 3,19 3,30 3,38
fOkUS. Power Euro/GlJ 16,86 17,68 21,76 23,22 23,96

Power/gas

ratio 0,00 3,04 2,29 2,47 2,42 2,32

Source: IEA fuel predictions ,World Energy Outlook 2008
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Politisk:
= EU : Energi Effektivitets Direktivet vil medfgre:

- Krav til udnyttelse af spildvarme (CHP) for nye og eksisterende kraftvaerker og
industrianlaeg

« Netveerks tariffer og ydelser skal udvikles for at tilskynde forbrugere til at spare
pa energien og styre forbruget

« Medlems landene skal skabe tiltag som stgtter SME’ere og stgrre virksomheder I
at fa foretaget energi audits

MEETING ALL THREE “20-20-20 BY 2020” GOALS BECOMES A
MATTER OF URGENCY

Reduce greenhouse  Increase share of Reduce energy
gas levels by 20% renewables to 20% consumption by 20%
c . . 100%
urrent Current
trend to - 20% trend to T = 1 0%

2020~ 2020

C t
Current [- 20%
2020

4 X



Fokus ved implementering
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= Kortlaegge energi behov/flows (Ydelse/effekter for opvarmning og kgling) i processen

= Kortlaegge driftstider og tidspunkter pd dagen/ugen

=  Beregne middel ydelser/effekter

= Identificere varmegenvindings muligheder ved “middel” behov (Pinch analyse)
=  Check mulighederne for varmegenvinding set i forhold til tid

=  Check mulighederne for varmegenvinding ved brug af lagre

= Check mulighederne for at implementere varmepumperne i produktionen

= Check de fysiske muligheder set i placeringer og afstande.

‘ Validation requirements / Energy Management ‘

\ Optimization of processes and utilities \

Heat recovery on discharges \

C_'_'_'_'_'____E_pergy AUdll\ [1. Collect heat: heat exchangers|

2. Synchronization sources and requirements :
Heat storage

3. Adjust the temperature level sources / requirements:
Heat pumps

\4. Economic Assessment of the recovery chain\

/" Method "\

Pinch
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Varmepumper lukkede kompressionsprocesser
Processer, forskellige karakteristika, forskellige applikationer?

= Traditionel kgle cyklus (NH3) <100°C
=Kold side: Fordampning: Intet glid
=Varm side: Kondensering: Intet glid
=Udvikling/Projekter : Norge, Danmark, Sverige, Japan.
=Tendenser: Hgjere tryk, 50 bar, 60 bar (2-trin)
=Virksomheder: JCI, GEA, Thermea, Mycom, og andre

= Traditionel kgle kreds cyklus (HC Propan/Isobutane <100°C)

Heat sink
=Kold side: Fordampning: Intet glid Qg
=Varm side: Kondensering: Intet glid T
=Udvikling/Projekter : Danmark, Tyskland Candenger
=Virksomheder: JCI, Bundgaard, og andre Compressor
- Expansion _QR
= Traditionel kglekreds cyklus (R245fa <140°C) e W
=Kold side: Fordampning: Intet glid A
=Varm side: Kondensering: Intet glid
=Varm side: Kondensering: Intet glid Evaparatar
=Udvikling/Projekter : France, Japan T o
=Virksomheder: EDF, JCI France, CIAT

Heat source



Teknologier
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Varmepumper lukkede kompressionsprocesser
Processer, forskellige karakteristika, forskellige applikationer?

= Transkritisk CO2 <130°C
=Kold side: Fordampning: Intet glid
=Varm side: Gas kgler: Glid
=Udvikling/Projekter i : Norge, Danmark, Tyskland, Italien, Japan
=Virksomheder: Advansor, Thermea, Mitsubishi Heavy,

Absorption-kompression hybrid Absorber Varmt
. 40 -85 °C - . m 70-130°C vann
= Hybrid (H20 / NH3) <250°C =~ = F F}
= Kold side: Fordampning: Glid ===
= Varm side: Kondensering: Glid : ] _
= Udvikling/Projekter i: KompressoQD Lsﬁmggs
Norge, Danmark, Syd Korea, @strig Strupe-
= Virksomheder: Hybrid, IM ventil X _%
Kjolt- 20-40°C Desorber 40-60°C Spill-

vann varme

Hybridengrgy
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Mechanical vapour recompression (MVR)

= Vand damp <250°C
=Kold side: Fordampning: Intet glid
=Varm side: Kondensering: Intet glid
=Udvikling/Projekter i: Danmark, Japan, Tyskland
=Virksomheder: DTI, JCI, Kobelco

Drying process

Drying process




Frankrig EDF (R245gfa)
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EDF R&D main projects on industrial HP field:

Project Alter ECO Technical Project ANR
Rhodia, Arkema, Danfoss, CIAT,... partnership: Jonhson-Control, France Evaporation,
EDF / Johnson-Control SRM, AgroParistech...
HT/VHT HP HT HP Water VHT HP
140 C - 250 kw 10000 — TOO kW 14000 _ TUU kW
Integrated by Integrated by F-
CLAUGER Integrated by JCI Evaporation




Norge (Projekter)
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Hybrid processen: NH; + H,O

* Nortuna Slagteri, Rudshégda, Norge

650 kW

« COP4,6

« Varmekilde: Spildvarme (vand) ved 45-50°C (AT 10K)
« Leverer vand ved 90°C, opvarmet fra ca. 55°C

»  Driftstid ca. 20.000 timer

«  Dokumenteret besparelse 3,4 GWh/ar
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Two-stage compression reverse Rankine cycle

120
(HFC-245fa)
100 ﬁ
- 80 HFC- 88°C —_ Critical Point
O 134a £ 150
o 60 cycle =
= 40°C w
2 3
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20 410A
7 cycle 700 sol-
0 E | | | [ 1
- 1.2 1.4 1.6 1.8 2.0
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Japan
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Waste heat recovery heat pump water heater
Two-stage turbo-compressor system with economizer
Mitsubishi Heavy Industries, Ltd.

Heat source water
Inlet temperature
10~ 50 C

—

Heat source
the quantity of heat

Q1

Heat source water
Outlet temperature

Electric power W

System flow Hot water heat pump
ETW — L

Turbo compressor
The first step impeller _ The second step impeller
~Z/) F
% %

T
Condenser

‘M. Vice expansion valve

X =

The maximum hot water
Inlet temperature
90 C
S
Hot water
the quantity of heat
Q2=Q1+W
‘—
Hot water

Refrigerant: HFC-134a
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Water-source CO, transcritical heat pump
Mayekawa Mfg. Co., Ltd.

® delivering hot air, with screw type compressor
Hot Air
(100°C)
110kw "8
COP3.7E*

" Fan

Pum
@ P

Waste Hot Water
(CO, evaporation
temperature 20°C)

Atmospheric
Air (20°C)
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Kobe Steel, Ltd.

Steam-generating heat pump SGH 165 model

g G60KW, COP2.5 Kobe Steel, Ltd.
i Industrial Process i*
L. Steam, 165°C,
0.6MPa Gauge
Waste 0.89t/h Steam
Hot Water Compressor
(70°C)
. Steam
..................... e e 100-120 °C
: Refrigerant Compressor )
Flash
Tank

Water

é . E Supply
l -.__'-. Evaporator Expansmn Condenser ‘:_:' (2000)

...........................................................................



Konklusion
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= Der er et stort potentiale for implementering af industrielle varme
pumper

= De stgrste barrierer er gkonomiske, priser pa fossilt breendsel,
afgifts strukturer.

= Drivers er politiske 20-20-20 malene.

= Strukturerede energi audits er essentielle for en god
implementering

= Varme genvinding fgr implementering af varmepumper
= Teknologien er tilgaengelig
= Den rigtige teknologi, afhaenger af processen.



