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* Introduction to the IEA HPT Annex 58 about HTHPs
» Task 1 - Technology Review

« Task 1 - Review of demonstration cases

« Task 1 - Technology development perspectives
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The road towards market deployment ()

Technology Development

e Component and system
development /

e Testing and demonstration . I I

e Variety of technologies

e Collaborative effort
Technology Awareness Market deployment

e Commitment to sustainability . . e Technology implementation
and decarbonization Process integration within commercial projects

* Potentials, limitations and e Decarbonization strategy e Learning curve for operators
characteristics of the technology e Retrofitting of industries and suppliers

* How to exploit the potentials? for HP-based heat supply  Supply chain covering

e Variety of stakeholders involved e Level of integration considerable volumes
* Business models
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bz ‘ Capacity Temperatures Integration
Heat supply «  Supply temperature * Opencycle
Heat source «  Temperature glides * Closed cycle
Operating hours «  Temperature lift *  Process « Utility

)

It e Application LI YA  Development
. perspectives
potential based
based on
on technology -
o pars application
availability .
potential
Technology Maturity Cost Availability
+ Temperature limitations « TRL « CAPEX « Technology availability
«  Working fluid « References + OPEX « Installation, Service & Maintenance

< . « Perspectives *  Number of installations
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., Objective
« ” Providing an overview of HP technologies, potentials and perspectives as well as
L developing concepts and strategies towards HP-based process heat supply )
4 )
.\ Scope
c P Heat pump technologies with supply temperatures above 100 °C
« L Technologies | Concepts | Applications | Testing | Dissemination )
4 Project facts and partner group )
@ 2021 - 2023 | Annex of the IEA HPT TCP | https://heatpumpingtechnologies.org/
}‘% Austria/Belgium/Canada/Denmark (Qperating Agent)/.France/Germa ny/Japan/
\ Netherlands/Norway/Switzerland + potentially UK/US y
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~ Annex Organization

)

|[EA Executive

Committee

Continuous reporting —

Operating Agent
DTIl, Denmark Inter-
5 o national
[ T T 1 1 1 working
. — N : N N N [ R group
+
Nat|0na| Austria Leg_(ejl'g(l_::JTrre]nt Canada Denmark Germany France Japan
Represen- Lead: AIT o Lead: NR CAN Lead: DTI Lead: DLR h '| '
i University Netherlands,
tative . Y J J J Y, Norway _J
National ~ N N N o N\ [/ O\ SwitzerlIJaSnd,UK,
Worklng Sherbrook Johnson Controls Fraun?ll(;?er ISE
groups TU Graz KU Leuven University Fenagy University of
Emmerson Viegand Maagge P de TJ yo
Ramball aderborn

L\ AN AN AN AN )
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Technologies Concepts Applications HP Specifications Dissemination

Available and e Best-practice Transition e Definition and * Increasing
close-to market solutions for HP- strategies towards testing of HP awareness
supplier based process heat HP-based solutions specifications e Various target

technologies supply Energy integration e Baseline for groups
Demonstration e Various industrial Level of integration performance e Dedicated

cases processes and Non-technical comparisons dissemination
Development sectors aspects e Project handling activities
perspectives
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Timeline - updated 11/2021

2020 2021 2022 2023
Time > Task Lead

[ Task 1: Technologies ] DTI
[ Task 2: Concepts ] OST/DTI
_________________ [ Task 3: Appilications AIT/DTI
"""""""""""""""" Task 4: Definiti d;t ting of HP

- e T e e 5™ | Dl

[ Task 5: Dissemination DTI

@)

Reporting

Joint Report
Joint Report
Joint Report

Joint Report
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Task 1 - HTHP Technologie

« Al HTHP Technologies with - '

Tsuppiy > 100 °C

« 2-page descriptions of:
* Available and close-to market
supplier technologies

« Demonstration cases

» Development perspectives




DANISH
TECHNOLOGICAL
INSTITUTE

@

Agenda

* Introduction to the IEA HPT Annex 58 about HTHPs
» Task 1 - Technology Review

e Task 1 - Review of demonstration cases

« Task 1 - Technology development perspectives
« Questions
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« Key information

* Performance data

« Capacity range

+ Max. temperatures

» Working fluid

+ Compressor type

* Spec. investment cost
« TRL

» Expected lifetime
Size & footprint

* Project example

Collected information
supplier technologies

« Technology description

Annex High-
Temperature
58 Heat Pumps
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Overview of collected information

Supplier Compressor Working fluid [Capacity |T,.,,.pey [TRL indication |Spec.invest.
type [MW] [°C] cost [€/kW]
Fuji Electric Reciprocating |R-245fa 0.03 120 9 n/a
Emerson Scroll and EVI  |R-245fa, 0.03 120 6 n/a
scroll R410a, R-718
Mayekawa Reciprocating |R-744 0.1 120 8-9 n/a
Skala Fabrikk Piston R-290+R-600 |0.3 115 7 (prototype 500-700
demo.)
Kobelco Twin-screw R-245fa/R- 0.37-0.40 |175 9 n/a
Compressor 134a
+R-718
Mitsubishi Two-stage R-134a 0.6 130 9 n/a
Heavy Ind. centrifugal
ecop Centrifugal ecop fluid 1 0.7 150 6-7 700
compression
Fenagy Reciprocating |R-744 0.3-1.8 120 5-6 (concept 250-425
study)
Rank Screw R-245fa, R- 0.12-2.0 |160 7 (prototype 200-400
1336mzz(2), demo.)
R-1233zd(E)
SRM Screw R-718 0.25-2.0 |[165 5 n/a
Johnson Reciprocating [R-717+R-600 (0.5-5.0 120 7-8 (for n/a
Controls (cascade) hydrocarbon
top cycle)
Sustainable Piston HFOs 0.3-5.0 165 6-8 (size 150-1000
Process Heat dependent)

Supplier Compressor Working Capacity | T, suppy | TRL indication | Spec. invest.
type fluid [MW] [°C] cost [€/kW]
ToCircle Rotary vane R-717+R-718 |1.0-5.0 188 6-7 250-430
Weel & Sandvig [Turbo R-718 1.0-5.0 160 4-9 150-250
Olvondo Piston (double |R-704 5.0 200 9 1200
acting)
Heaten Reciprocating, [HFOs 1.0-6.0 165 7-9 250-350
custom design
Enerin Piston R-704 0.3-10.0 |250 6 (prototype 600-800
testing)
Spilling Piston R-718 1.0-15.0 |280 9 100-400
Epcon High-pressure |R-718 0.5-30.0 |150 9 200-400
centrifugal fan
Turboden Turbo Application 3.0-30.0 |200 7-9 300-700
specific
MAN Energy Centrifugal R-744 10.0-50.0 ]150 7-8 300-500
Solutions turbo-
compressor with
expander
Piller Turbo R-718 1.0-70.0 [212 8-9 850
Siemens Turbo (geared- |[R-1233zd(E)/ [8.0-70.0 |160 9 (up to 90 °C), [250-800
Energy type or single- [R-1234ze(E) pilot plant at
shaft) 120 °C currently
being built
Qpinch Chemical \Water, H3PO4 |> 2.0 230 9 1000-2000

adsorption heat
transformer (no
compressor)

and derivatives
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Maximum supply temperature as a function of capacity

« Higher maximum supply 3007
temperatures for higher 5451

capacities.
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Specific investment cost (disregarding installation and integration cost)
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COPyeating @S @ function of mean temperature lift

« Strong correlation for higher indicated 12
COPyeating at low mean temperature

lifts. 10

8

« Depends on application type.
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Lorenz efficiency as a function of mean temperature lift

- Strong correlation with higher Lorenz 08
efficiency for higher temperature lifts. 0.7
0.6

« Depends on application type.
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Average expected lifetime as a function of capacity

» Average lifetime between 10-35 years,
higher lifetime for higher capacities.
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Summary and status

 Information so far collected for 24 suppliers working with HTHP technology (+15 types of working fluids)
 All technology descriptions will be published online on Annex 58 homepage

» Status of HTHP technology:
* TRL:4-9

« Average specific cost:
200 €/kW - 1500 €/kW

+ Capacity:
0.03 MW - 70 MW

« Max. supply temperature:
100 °C- 280 °C

 Different avaliablity

Max. supply temp. [°C]

Spec. inv. cost [€/kW]

3 examples of dependencies for HTHP technologies


https://heatpumpingtechnologies.org/annex58/task1/

DANISH
TECHNOLOGICAL
INSTITUTE

@

Agenda

* Introduction to the [EA HPT Annex 58 about HTHPs
» Task 1 - Technology Review
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Overview of collected demonstration cases

. Op.
No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor Capacity | COPy hozrs
Unit T, T; Unit T, T
o . out in X out in [kW] [h/a]
peration [°(_;L [°c] Operation [°(_;L [°c]
alcoholic roduct
1 n. a. beverage | .. .. .. P . 75 | 78.3 | distillation | 140 | n.a MVR n.a. n.a 350 5.2 n.a
distillation cooling
electro-
2 | Mayekawa | electronic | coil drying painting 25 30 drying 120 | 20 CCHP R744 piston 89 3.1 n.a
cooling
starch .
3 AMT food drying waste heat | 72 76 drying 138 | 96 CCHP R-1336mzz(Z) screw 374 3.2 4,000
pharma- . recooling steam . .
4 Olvondo ) recooling 34 36 . 183 | 178 | Stirling HP R704 piston 2,250 1.7 6,100
ceutical heat generation
sludge exhaust steam twin-screw,
5| Kobelco | sewage uce xaust | g3 | o3 " |10 | 60| MR R718 w! W 675 29 | n.a
drying drying air generation roots blower
bioethanol rocess CCHP +
6 Kobelco refinery N P . 60 65 | distillation [ 115 | 110 R245fa twin-screw 1,850 3.5 n.a
distillation cooling Flash Tank
7 MHI electronic | coil drying | waste heat | 50 55 drying 130 | 70 CCHP R134a centrifugal 627 3.0 n.a
: X thermal exhaust steam turbo
8 Piller plastics . 60 60 X 131 | 126 MVR R718 10,000 4.4 8,000
seperation vapour generation (8 blowers)
. . . . exhaust . piston
9 Viking minerals |brick drying X . 80 84 drying 121 | 96 CCHP R-1336mzz(Z) 296 5 4,000
drying air (8 compr.)
piston
. pulp and . exhaust steam
10| spilling pulp drying 105 | 133 X 201 | n.a MVR R718 (4LT-, 2HT- 11,200 42 | 7,500
paper vapour generation X
cylinders)
piston
- ) . exhaust steam
11 Spilling chemical | chemical 105 | 152 X 211 | n.a MVR R718 (4LT-, 2HT- 12,000 5.3 7,500
vapour generation .
cylinders)
sludge surplus steam turbo
12 |Rotrex, Epcon| sewage A 100 | n.a. . 146 [ n.a MVR R718 500 4.5 n.a
drying steam generation (2 stages)
rocess hot 12, rocess hot LT-C: R290, HT- . 2.5,
13 SkaleUP dairy P (re)cooling 20, 5 P 115 | 95 CCHP piston 300 6,500
water 0 water C: R600 2.3
t haust t heat t -
14| apinch | chemical | SO | SXNAUSE | gpq_qg5 | STEAM 4 gg. g5 | MEENANSTp oo, | heat-driven | 2,900 | 0.45 | 2,500
production vapour generation former

22
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Case Studies by industries and application processes

4
# drying M process hot water
<
S B thermal seperation & steam generation
v
(%]
(1%}
G
o
g
= 7113
2 O i@
Drying Thermal  Process Steam
seperation hot water
e < 5 S
& & & &
2 R © &
S & N\
<&
&

Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies 23
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Box-plot of target sink temperatures and measured COP| ..o @S
a function of mean temperature lift

250 6
11 @® CCHP
5 (9] = ATean =
200 B MVR
n
E 5l 10| ATgink _ ATsource
E ! Tsink out Tsource in
£ '_,E'. @ sink,in source,out
e 33 (7] 5|
< & ®
‘w100 o
9 2
11
° (4]
50 Average Heating COP: 3.7
1 Average temperature lift: 65.4 K
0 0
0 20 40 60 80 100 120 140 160

Mean Temperature lift [K]
Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies 24
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Lorenz efficiency as a function of mean temperature lift

1,0
ATsink ATsource
0,9 ® CCHP ATmean = T - T .
ln( smk,out) ln( source,ln)
0.8 E @ MVR Tsink,in Tsourc:e,out
0,7
- 0,6 @
S 05 e TSil’lk
g E@ 5] COPporenz = T T
0.4 sink = lsource
o @°
0,3
0,2
0 _ COpheating
Lorenz —
01 COPLorenz
0,0
0 20 40 60 80 100 120 140 160

Mean Temperature lift [K]

Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies 25
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Demo cases - drying

No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor Capacity | COP,
O Unit Tout | Tin Unit Tout | Tin [low]
Boiler Operation | [°c] | [°C] | Operation | [°C] | [*C]
for backup Fresh air 2 | Mayekawa |electronic | coil drying | painting | 25 | 30 | drying | 120 | 20 | CCHP R744 piston 89 3.1
cooling
l 7 MHI electronic | coil drying | waste heat | 50 55 drying 130 | 70 CCHP R134a centrifugal 627 3.0
I { T [oc] A
Annealing S Drying i
furnace furnace
Hot water
70°c | 1 130°C ATsink,glide
Heat “ {Q
source {
water v f _____
55oC Dehumidification ATsource glide
P>
e R
Thermal I Heat pump
storage tank >

Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies 26
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Demo cases - Dryficiency heat pumps

No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor Capacity | COP,
Unit' Tout | Tin Unit' Tout | Tin kW]
Operation | [°C] | [°C] | Operation | [°C] | [°C]
starch X
3 AMT food drying waste heat | 72 | 76 drying 138 | 96 CCHP R-1336mzz(Z) screw 374 3.2
haust ist
9| viking | minerals |brick drying di;ina;;r 80 | 84 | drying |121| 9% | ccHP  |R-1336mzz(2) (SZ';:’:L) 296 5

Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies

T[°C] 4

Dehumidification
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Demo cases - steam generation via MVR and MVR + flash tank

No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor Capacity | COP, .
: : low- high-
Unit Tout | Tin Unit Tout | Tin (kW]
Operation | [°c] | [°C] | Operation | |°C] | [°C] tem pe rature tem pe rature
1 n.a beverage alcoholic product 75 | 78.3 | distillation | 140 | n.a MVR n.a n.a 350 5.2 MVR
T 8¢ | distillation cooling ) o T T ) steam steam
ulp and exhaust steam piston
10| spilling ppapper pulpdrying| 0 (105 [ 133 | ion | 200 [noa | MWR R718 (4LT-, 2 HT- 11,200 42
cylinders) a1 . .
- t piston Spilling piston compressors runnig 7500 h/a
11| spilling | chemical | chemical | &% | 105 [ 152 | ™™ |21 |na| MvR R718 (4LT-, 2HT- | 12000 | 53
vapour generation cylinders) 3.2 bar,,. i 16 bar,,. Exhaust steam, ~16 t/h, 3.5 bar,,.
12 |Rotrex, Epcon| sewage | 98¢ suplus oo Tna | ™ | 146 [na | MR R718 turbo 500 45
drying steam generation (2 stages)
2-stage compressor e Wet pulp
S eccessssssoussesssnsey Seeam compreso0rs
MVR sludge dryer = " El. power demand Pressurized
2.560 kw Superheated
S ted st L3
(Schneeberger et al. superhected steom Steam Dryer (PSSD)
)
Condensate Dry pulp
Steam ~194 kg/h ’
I i collector

Condensate - 140°C

Clean steam, ~ 16 t/h, 3.2 bar,,

Wet product

Dry product Clean condensate

1059 kg/batch

=106 kg/h i
MC: 15% Rebailer

3.5 bar,;,.

Condensate, contaminated

Condensate - 140°C

Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies 28
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No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor Capacity | COPy
Unit Tout | Tin Unit Tout | Tin kW] low- h igh -
Operation | [°C] | [°C] | Operation | [°C] | [°C]
5 Kobel sludge exhaust 0 0 steam 160 | 160 MVR R718 twin-screw, 675 29 te m pe ratu re te m pe ratu re
obelco | sewage | .| yingair generation roots blower ' steam MVR steam
8| Ppiller plastics | (hermal | exhaust oy fosteam o e | wve R718 turbo 10,000 | 4.4
seperation | vapour generation (8 blowers)
Steaﬂm Compressor Blower feed Water
160°C @ A\ Water flash tank
i — i Evaporator
Heater Injection water
: Sludge . ‘\ OHV =
1 729%we  Bvaporator | £ Steam + °
1 ' *l . Exhaust o Flash Steam,
' 1 1= EPDM + Hexane 'J
4 ] X gas Hexane p 1_
= / Condensed cobent ) waste heat source
{ water Recovery Stripper g‘Tl“lek& 7 J
'\‘ . Expansion valve . Laminator
— - . Steam — ¢ I
Dryer Dried sludge at131°C [_EPOM + Water | EFDM go et -
” (Condenser) g
< 20%W.B. JSteam at 126 °CJl |
s Bia -
Boiler
(back-up)
Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies 29
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Demo case - steam generation via CCHP + flash tank

No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor Capacity | COPy
low-temperature steam VTS N I R e I~
Operation | [°C] | [°C] | Operation | [°C] | [°C]
. bioethanol process o CCHP + .
6 Kobelco refinery distillati I 60 65 | distillation | 115 | 110 Flash Tank R245fa twin-screw 1,850 3.5
feed Water istillation [ cooling ash Tan
flash tank Distillate
Fermentation _.E | cooler
liquid 10%
_—
condenser [T
-t Ethanol
Distillation === 95%
column ----
| . Steam 60°C 65°C
110°C {70%]

115°C
Liquid water
evaporator

)\ Flash tank Heat pump
' waste heat source x 1 unit 110°C X 5 units
. 1
Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies (Steam supply ratio: 30%) 30
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Demo case - steam generation via CCHP + heat exchanger

No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor Capacity | COP,
Unit Tout | Tin Unit Tout | Tin
Operation | [°C] | [°C] [ Operation | [°C] | [°C] kw] feed Water Satu rated Stea m . d
4| olondo | PP™ | recooling | M€ | 34 | 36 | ™ | 1g3| 178 | stirlingHp | 704 piston 2,250 | 17 pressurize
ceutical heat generation hot Wate r
circuit
condenser
evaporator
Y A

()
_/

Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies waste heat source 31
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Demo case - hot water production with cascade HTHP

Condenser Com pressor
No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor Capacity | COP,
Unit | Touw | Tin Unit | Toue | Tin ] IHEX > )
Operation | [°C] | [°C] | Operation | |°C] | [°C]
X process hot X 12, process hot LT-C: R290, HT- i 2.5, .
13 SkaleUP dairy water (re)cooling 0 20, 5 water 115 | 95 CCHP C: RG0O piston 300 23 Expa nsion
valve N\
i Cascade HEX
Expansion
Com pressor
valve Evaporator

[ Dy Cooler | [ EW-CIP |

T [ b 11570 .
| 95°C
.._ — — _— s N e —
bd ’_l b
B

: [ [Jistrict Heating |
Tl Ammoma CO, Heat i HTHP [ 01l Heater |
Chillers Pump I | Cascade
| Elcetric Heater |
|

Process 1ce * $ T I L

water | Process hot water
0.5°C/ 40 (95°C / 115°C)

Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies 32
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Questions?

Thank you for your attention!

All demonstration cases will be published online on Annex 58 homepage.

Dr.-Ing. Florian Schlosser
Department of Energy System Technologies \sasstil
Paderborn University, Germany |
Tel.: +49 (0)5251 60 4138

E-Mail: florian.schlosser@uni-paderborn.de

1'#
gy I
|

Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies
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Agenda

* Introduction to the [EA HPT Annex 58 about HTHPs
» Task 1 - Technology Review

e Task 1 - Review of demonstration cases

- Task 1 - Technology development perspectives
« Questions
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Application potential

. . 1100 -IReﬁne.ryISector
 Capacities below 10 to 20 MW s |0
. 900 BN Food Sector 190 =
 Large number of units SR T Gmss | €3
. T =~ ' ¥ E
- Repeatable, standardized SE 70 T
. £ E 600 160 X E
solutions gl e o B2
 Economy of numbers $7 10 EE
300 130 Z 6
200 120 *
. . 100 110
» Capacities above 10 to 20 MW o Al
» Tailormade solutions Hoatiny Caencity
° Economy Of Scale Distribution of the heating capacity (<30 MW) for the

heat pump units which make up the EU28 industrial
heat pump market estimated by Marina et al.
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State of the Art - HTHPs

High
temperature
vapor

Condenser

Compressor

Evaporator

Low
temperature
vapor

High
temperature
liquid

Expansion
valve

Low
temperature
liquid/vapor

@)

« HTHPs for supply > 100 °C require
compressor developments

g Compressors from process industries
Advanced technologies | Application specific design

L Cost intensive | Applications > 15-20 MW )

g Upgraded refrigeration compressors
Currently limited to <90 °C | Standard compressors

L Proven technology | Applications < 15-20 MW

- Novel and (strongly) adapted technologies

olion Technologies based on equipment from
L automobiles, pumps, ...| Capacities of kW to MW |
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Technology Development Perspectives

250

s Upgraded Novel and h
225 ?’iﬁ refrigeration o#o. (strongly) adapted
200 L compressors technologies )
175 "+ Applications: b

 Pressurized hot-water production
» District heating

e First technologies are commercially available at
T competitive cost

75 « R&D focus on demonstration projects
0.1 1 10 100

Heat Supply Capacity [MW] _* First commercial projects expected soon/ongoing

[EEN
Ul
o

Supply Temperature [°C]

=
N
(92

100
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Upgraded Novel and
gi‘é refrigeration o#o. (strongly) adapted

Technology Development Perspectives

250

compressors technologies

Supply Temperature [°C]
&
o

0.1 1 10 100
Heat Supply Capacity [MW]
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Upgraded Novel and
* refrigeration o#o. (strongly) adapted

Technology Development Perspectives

250

225

compressors technologies

200

175

150

Supply Temperature [°C]

0.1 1 10 100
Heat Supply Capacity [MW]
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Technology Development Perspectives

250

l ! | Compressors from

225
process industries

N
o
o

"+ Applications:
 Pressurized hot-water production & district heating
« Steam production and compression

* First technologies are commercially available at
100 competitive cost

> o1 , o o | R&D focus on technology development and demonstr.
Heat Supply Capacity [MW] _* Wide market deployment: 2-3 years )

[EEN
~N
(92

[EEN
Ul
o

=
N
(92

Supply Temperature [°C]
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Technology Development Perspectives

kﬂ Compressors from
process industries

250

225

N
o
o

[EEY
~N
(2

[y
(o
o

[ERY
N
(92}

Supply Temperature [°C]

100

75
0.1 1 10 100

Heat Supply Capacity [MW]
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Other trends

« Development of heat pump-integrated
process equipment
- Higher efficiencies possible
- No existing equipment to be replaced
- Overall improved business case for HPs | -

« Examples:
« Baking ovens
» Spray Dryers
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Task 1 - Summary

« A comprehensive technology overview could be created
« 24 technology descriptions
« 12 demonstration case descriptions

« Technology development perspectives could be described from
technology perspective

 Publication planned for 05/2022
* https://heatpumpingtechnologies.org/annex58/
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Task 2 - Concepts

Task 2: Concepts - Development of concepts for promising
application areas

« Development of blueprint solutions for heat pump-based process heat supply
for selected processes and industries

 Analysis of thermal and electrical storage to enable exploitation of varying
heat sources and supply to varying heat sinks

 Analysis of approaches for getting access to electricity at low cost, such as
additional investment in renewables and/or flexible operation.

- Ongoing work
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Thank you for your attention!

Any questions?
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