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AGENDA

General Introduction and Keynotes
09:00 - 09:10: General Introduction, Benjamin Zuhlsdorf, DTI
09:10 - 09:25: Application potential of HTHPs in industry, Steven Lecompte, Ghent University
09:25 - 09:40: Technology status and perspectives, Jonas Lundsted Poulsen

Group sessions

Technology . Research

09:40 - 10:05 Group Session - 1

10:05 - 10:30 Group Session - 2 To discuss:

10:30 - 10:45 Break * Potentials

« Challen
10:45-11:05 Group Session - 3 ¢ a. enges
* Actions

11:05-11:25 Group Session - 4

Summary & plenary discussion
* 11:25-11:40: Wrap-up of the group sessions
* 11:40 - 12:00: Plenary discussion
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INDUSTRIAL ENERGY DEMAND IN EUROPE
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HEAT PUMP TECHNOLOGIES POTENTIAL

Vapour compression heat pump (CAPEX: $$3)
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Heat transformer (CAPEX: $$$%$)
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POSSIBLE SCENARIO (IEA)

Low/medium-temperature heat demand by technology

2021 Technology

" Fossil fuel heater
2030

M Biomass heater
2050

W Electric heater

High-temperature heat demand by technology

M Hydrogen heater
2021 W Heat pump
2030 © Other heat sources
2050
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Net Zero By 2050,
IEA

Additional 500 MW installed capacity each month
I over the next 30 years!
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SALE STATISTICS
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Data based on
EHPA Reports (2015, 2021)
Showing only countries with
reported sales to the EHPA
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WHAT'S THE MARKET POTENTIAL?

Figure 1: Global investment in energy transition by sector
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The Next Half-Trillion-Dollar Market
Electrification of Heat

[BloombergNEF]
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ZOOMING IN ON APPLICATIONS
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Temperature Temperature
Sector Process 20 40 60 80 100 120 140 160 180 200 [°C] Sector Process 20 40 60 80 100 120 140 160 180 200 [°C]
Drying 90 -240 Injection modling 90 - 300
Paper Boiling 110 - 180 Plastic  Pellets drying 40 - 150
Bleaching 40 - 150 Preheating 50 - 70
ge-fnkmg 430 ‘zgg Mechanical Surface treatment 20-120
nng - ineeri leanin -
Evaporation 40- 170 B gobrin; 4; {-} 1 gg
Pasteurization 60 - 150 Drvi 50 - 130
Steriization 100- 140 Textles —o
Boiling 70- 120 Washing 40- 110
poood & Distilation 40-100 Bleaching 40 - 100
985 Blanching 60-90 Glueing 120 - 180
Scalding 50-90 Pressing 120 - 170
Concentration 60 - 80 Drying 40 - 150
Tempering 40 - 80 Wood  Steaming 70 - 100
Smoking 20 - 80 Cocking 80 - 90
Destillation 100 - 300 Staining 50 - 80
Compression 110- 170 Pickling 40 - 70
Chemicals Thenﬂoforming 130 - 160 Hot wat?r 20 - 110
Concentration 120 - 140 Several Preheating 20 - 100
Boiling 80- 110 sectors  Washing/Cleaning 30-90
Bioreactions 20-60 Space heating 20 - 80
Automotive RESIiI"I molding 70-130 Tachnﬂlogy Raadlnass LBVQ' {TRL)
Drying 60 - 200 conventional HP < 80°C, established in industry
E'Cklr';'jsin g :gg - commercial available HP 80 - 100°C, key technology
Metal E::?:troplalgi]ng 30-90 prototype status, technol0‘gy development, HTHP 100 - 140°C
Phosphating 30-90 laboratory research, functional models, proof of concept, VHTHP > 140°C
Chromating 20 - 80
Purging

Deep Dive Application Potential by C. Arpagaus
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RECENT REPORTS

Decarbonizing Low-Temperature Industrial Heat In The U.S.

October 20, 2022

Share<s w f in &

ENERGY N/«
INNOVATION

POLICY & TECHNOLOGY LLC#®

Industrial facilities use low-temperature heat (up to 165 degrees Celsius) in numerous manufacturing processes, contributing 3.5
percent of U.S. energy-related carbon emissions. New Energy Policy Simulator modeling finds shifting from fossil fuel combustion
to industrial heat pumps for low-temperature process heat would reduce industry emissions by 5 percent in 2030 and 16 percent
in 2050, while adding $42 billion to the economy in 2030 and $8 billion in 2050 and creating 275,000 jobs in 2030 and around
75,000 jobs in 2050. This report recommends federal policies to accelerate the deployment of industrial heat pumps in the U.S.,
including financial support for research and development and efficiency standards.

Breaking free
from fossil gas

A new path to a climate-neutral Europe

STUDY

= Agora

GHENT ,
UNIVERSITY Energiewende

Heat pumps are considered to be the major pillar for
the supply of low temperature process heat to indus-
try, and the major lever in decarbonising the less
energy-intensive industries, which in most cases are
not integrated into heavy industry clusters. This
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RECENT REPORTS
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Heat pumps are a great starting point for decarbonizing industrial heat
because they are easily scalable and have superior efficiencies, particularly in
light industry, where there are typically lower temperature heating

requirements.

Industrial Heat
Pumps: it's time
to go electric

Electricity accounts for around 40% of heat demand by 2030 and about 65% by 2050. For
low- (<100 °C) and some medium- (100-400 °C) temperature heat, electrification includes
an important role for heat pumps (accounting for about 30% of total heat demand in
2050). In the NZE, around 500 MW of heat pumps need to be installed every month over

the next 30 years. Along with electrification, there are smaller roles for hydrogen and 15



WHAT'S THE CATCH?

« Unfavorable electricity / fossil-fuel price ratio
« To be competitive: US: $10/MWhe, EU: $24/MWNhe (gioombergner]
« Large variability!
* [nsufficient grid capacity
« Storage solutions
* Projected growth similar as between 1990 and 2007 (ranstormation of Europe's power system until 2050,

McKinsey]

* Low technology readiness
« Technology status and perspectives, Jonas Lundstedt Poulsen

 Insubstantial policy incentives

N
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ELECTRICITY / FOSSIL-FUEL PRICE RATIO

Prices without refundable OPEX Parity

Country Gas Electricity Price Ratio COP AT_Lift
Sweden 4.1 4.8 1.17
Finland 4.5 5.4 1.20
Luxembourg 2.3 4.1 1.78
Lithuania 3.0 6.8 2.27 2.0 96
Denmark 3.1 7.0 2.26 2.0 96
France 2.8 6.4 2.29 2.1 95
Netherlands 2.6 6.2 2.38 2.1 90
Slovenia 2.5 6.1 2.44 2.2 87
Estonia 3.0 7.1 2.37 2.1 91
Czech Republic | 2.4 6.3 2.63 2.4 79 ()]
Austria 2.8 7.4 2.64 24 | 78 >
Latvia 2.7 7.5 2.78 2.5 73 ==
Hungary 2.5 7.0 2.80 2.5 73 o
Greece 2.5 7.5 3.00 2.7 66 E
Poland 2.4 7.2 3.00 2.7 66 e
Romania 23 7.0 304 | 27| 65 E
Croatia 2.3 7.2 3.13 2.8 63
Belgium 2.0 6.8 3.40 3.1 56 e
Germany 2.6 8.6 3.31 3.0 58 g
Bulgaria 2.0 6.8 3.40 3.1 56 [
Spain 2.5 9.1 3.64 3.3 51 (441
Portugal 2.4 8.9 3.71 33 50 E
Ireland 2.7 10.0 3.70 3.3 50
Italy 2.4 9.4 3.92 3.5 47
Slovakia 2.5 10.2 4.08 3.7 44
UK 2.1 12.8 6.10 26
B : 3.0 59

—

A Deep Dive Application Potential by C. Arpagaus

GHENT
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ELECTRICITY / FOSSIL-FUEL PRICE RATIO
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Vieren et al. (2023), accepted for International Congress of Refrigeration

HTF: Heat transformer
VCHP: Vapour compression heat pump
NGB: Natural gas boiler

EGPR: Electricity to gas price ratio = Ccﬂ
ng

WHR: Waste heat ratio = —%Tesidual

process

Study considers electric heater when not sufficient
waste heat available




GRID CAPACITY AND RE AVAILABILITY

Installed grid-scale battery storage capacity in the Net Zero Scenario
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TECHNOLOGY READINESS
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Temperature range

Technology readiness level (TRL)

Example process

<80 °C TRL 11: Proof of market stability Paper: De-inking
Food: Concentration
Chemical: Bio-reactions
80°Cto100°C TRL 10: Commercial and competitive, but large-  Paper: Bleaching
scale deployment not yet achieved Food: Pasteurisation
Chemical: Boiling
100°Cto 140 °C TRL 8-9: First-of-a-kind commercial applications  Paper: Drying
in relevant environment Food: Evaporation
Chemical: Concentration
140°Cto 160 °C TRL 6-7: Pre-commercial demonstration Paper: Pulp boiling
Food: Drying
Chemical: Distillation
Various industries:
Steam production
160 °Cto 200 °C TRL 8-9: First-of-a-kind commercial applications  Various industries:
for small-scale MVR systems and heat High-temperature steam
transformers production
@ TRL4-5: Early to large prototype
>200 °C @ TRL4: Early prototype Various industries:
High-temperature processes
Readinesslevel: @ TRL1to5 TRL6to 7 TRL8 to 11

Notes: MVR = mechanical vapour recompression. TRLs can vary for specific processes or different heat pump

capacities.

Sources: Representation using the IEA extended TRLs (IEA, 2020b) based on Maruf et al. (2022).
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OTHER MARKET BARRIERS

Product acceptance JEZE

Survey among 27 experts
on heat pumps and heat
recovery

Lack of suitable products 2

Lack of knowledge of planners

Lack of knowledge about
available HPs

High OPEX

4%

Knowledge &
Information

19%

Energy
Service
Companies
(ESCOs)

Others

Planners/

Consultants Obstructive electricity taxation

Lack of Life Cycle Cost (LCC) analyisis

Expectation of short payback periods

Costs

High CAPEX

Fuel prices too low

No suitable temperature levels

HP
Manu-
facturers

Scientists
Insufficient efficiency
Unwanted change

in production

Industry

Technology &
Process

Preferred direct use of waste heat

nloll = 27

GHENT
UNIVERSITY

5% 15% 20% 25% 30% 35%

Wolf et al (2017, 2020), Deep Dive Application Potential by C. Arpagaus

40%
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CONCLUSION

‘There is a huge potential, but that it requires an
Immediate, common and interdisciplinary effort to
exploit the full potential

N

GHENT
UNIVERSITY
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Steven Lecompte

DEPARTMENT OF ELECTROMECHANICAL,
SYSTEMS AND METAL ENGINEERING

= steven.lecompte@ugent.be
T +32 9 264 33 55
\Y +32 470 04 55 24

www.ugent.be
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El Ghent University
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HIGH-TEMPERATURE HEAT PUMPs

Technology Status and Perspectives

Jonas Lundsted Poulsen, Senior Specialist, DTI
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FACTS ABOUT THE TECHNOLOGY

e: useful heat inlet 80 o
e to
0100 Ct0 160 °C/ heat source
Cand outlet 49 ¢ 080 °C

120 °C and outlet
inlet 60 °C to 100

Working fluid: ada
 adaptable to th icati
R245f3, R1 336mzz(z), R12332d[§)apphcannn

Compressor technology: Scroy,

Specific investment
without integration:
varies between tempey
applications

cost for installed
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200-400 € per kW, but it
rature levels ang

TRL level: TR Prototype demonstration

E SE
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extend lifeti

the highest energy performaﬁgg)' " endensure
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Contact information
Rank ORC, 5.1,

B2 info@rank-ore.com / sales;
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» 34 HTHP technology two-
page descriptions

* Includes key information on:
« Performance data
- Capacity range
« Max. temperatures
» Working fluid
« Compressor type
« Spec. investment cost
« TRL
« Expected lifetime
» Size & footprint
* Project examples

o
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Tmax, supply [OC]

MAX. TEMPERATURE AS A f‘\
FUNCTION OF CAPACITY
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OVERVIEW HTHP TECHNOLGY REVIEW (1/2)

Compressor type

Working fluid

Capacity [MW]

Tmax,supply [oc]

TRL indication

Spec. invest.
cost [€/kW]

top cycle)

Fuji Electric Reciprocating R-245fa 0.03 120 9 n/a

Emerson Scroll and EVI scroll R-245fa, R410a, R-718 0.03 120 6 n/a

Mayekawa (EcoSirocco) [Reciprocating R-744 0.1 100 8-9 n/a

Mayekawa (EcoCircuit) [Reciprocating R-1234ze(Z) 0.1 120 9 n/a

Skala Fabrikk Piston (semihermetic) R-290+R-600 0.3 115 7 (proto. demo) 500-700

Kobelco Compressors [Two stage twin -screw R-245fa 0.37 120 9 n/a

Corp. (SGH120)

Mitsubishi Heavy Ind. [Two-stage centrifugal R-134a 0.6 130 9 n/a

Kobelco Compressors [Twin-screw R-245fa+R-134a (mixture), 0.62 175 9 n/a

Corp. (SGH165) R-718 for steam comp.

ecop Centrifugal compression |ecop fluid 1 0.7 150 6-7 700

Mayekawa Europe Piston R-600 0.75 120 7 450

(HS comp.)

Kobelco Compressors [Twin -screw R-718 0.8 175 9 n/a

Corp. (MSRC160)

Mayekawa Europe Screw R-601 1.0 145 5 720

(FC comp.)

GEA Refrigeration Semi-hermetic piston R-744 0.1-1.2 130 8 200-300

Netherlands

Fenagy Reciprocating R-744 0.3-1.8 120 5-6 (concept study) 250-425

Rank Screw R-245fa, R-1336mzz(2), 0.12-2.0 160 7 (prototype demo.) 200-400
R-1233zd(E)

SRM Screw R-718 0.25-2.0 165 5 n/a

COMBITHERM GmbH Screw HFOs 0.3-3.3 120 9 200-400

Sustainable Piston HFOs 0.3-5.0 165 6-8 150-1000

Process Heat

Johnson Controls Reciprocating R-717+R-600 (cascade) 0.5-5.0 120 7-8 (for hydrocarbon n/a




OVERVIEW HTHP TECHNOLGY REVIEW (2/2)

Compressor type

Working fluid

Capacity [MW]

Tmax,supply [oc]

TRL indication

Spec. invest.
cost [€/kW]

Hybrid Energy Piston, screw R-717 and R-718 0.5-5.0 120 9 200-600
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 acting) R-704 5.0 200 9 1200
Heaten Reciprocating, custom design |HFO and HC 1.0-6.0 200 7-9 250-350
Enerin Piston R-704 0.3-10.0 250 6 (prototype testing) 600-800
Aneo Industry Centrifugal fan and piston R-717, R-718 1.2-10.0 150 7-8 n/a
comp.
Enertime 1 or 2 stage R1336mzz(Z), R1224yd(Z), 2.0-10.0 160 4-8 (depending on 300-400
centrifugal hermetic R1233zd(E) concept)
compressor
Spilling Piston R-718 1.0-15.0 280 9 100-400
Epcon High-pressure centrifugal fan; |R-718 0.5-30.0 150 9 200-400
positive displacement blower
Turboden Turbo Application specific 3.0-30.0 200 7-9 300-700
MAN Energy Centrifugal turbo-compressor [R-744 10.0-50.0 150 7-8 300-500
Solutions (hermetically sealed) with
integrated expander
Piller Turbo R-718 1.0-70.0 212 8-9 850
Siemens Turbo (geared-type or single-  [R-1233zd(E), R-1234ze(E) 8.0-70.0 160 9 (up to 90 °C), pilot plant 250-800
Energy shaft) at 120 °C being built
Qpinch Chemical adsorption heat Water, H3PO4 and derivatives >2.0 230 9 1000-2000

transformer (no compressor)




Specific investment cost [€/kW]
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CO Pheating [']
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COP AND LORENZ EFFICIENCY AS A
FUNCTION OF MEAN TEMPERATURE LIFT

Not crossing temp. profile
MVR with subcooling to 105 °C
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* Higher COPy 440 at low mean
temperature lifts.

- Depends on application type.
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 Higher Lorenz efficiency for
higher temperature lifts.
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EX 58 - DEMONSTRATION CASES @
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Number of case studies

PRy

0

Drying

& U

Thermal Process
seperation

hot water

DEMONSTRATION
CASES OVERVIEW

©

Steam

Op.

# drying

® thermal seperation

H process hot water

& steam generation

No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor [Capacity| COPy hours Ref.
Unit Tout | Tin Unit Tout | Tin
Operation | [°C] [ [°C] | Operation [[°C] [[°C] [k [h/al
1 n.a. beverage zﬂcs)ho!m prodyct 75 | 78.3 | distillation | 140 | n. a. MVR n. a n a. 350 5.2 na | [1]
distillation cooling
electro-
2 | Mayekawa | electronic | coil drying painting 25 | 30 drying 120 | 20 CCHP R744 piston 89 31 na | [1]
cooling
3 | AMT/AIT food starch drying| wasteheat | 72 | 76 drying 138 | 96 CCHP R-1336mzz(Z) screw 374 3.2 | 4,000 | [2]
4| onondo | PMME 1 ooting | TEONG |5y | gg | StAM | gs | 178 | stirlingHP R704 piston 2250 | 17 | 6100 | [2]
ceutical heat generation
. exhaust steam twin-screw,
5 Kobelco sewage |sludge drying drying air 93 | 93 generation 160 | 160 MVR R718 roots blower 675 29 na | [2]
i +
6 Kobelco refinery b}ogtha_nol procgss 60 | 65 | distillation | 115 | 110 cCHP R245fa twin-screw 1,850 35 na | [2]
distillation cooling Flash Tank
7 MHI electronic | coildrying | wasteheat | 50 | 55 drying 130 | 70 CCHP R134a centrifugal 627 3.0 n.a [2]
8| Piller | plastics | thermal | oexqaust g ogy osteam ol MR R718 turbo 10,000 | 4.4 | 8000 | [2]
seperation vapour generation (8 blowers)
o | AMTIAIT | minerals |brickdrying| M2 | g0 | 84 | arying | 121 96| ccrp  |r-1338mzz(z)| PO 206 | 5 | 4000 [2]
drying air (8 compr.)
ulp and exhaust steam piston
10| Spilling pulp pulp drying 105 | 133 . 201 | n.a MVR R718 (4LT-,2HT-| 11,200 | 4.2 | 7,500 | [2]
paper vapour generation .
cy linders)
- . . exhaust steam piston
11| Spilling chemical chemical 105 | 152 . 211 | n.a MVR R718 (4LT-,2HT-| 12,000 | 53 | 7,500 | [2]
vapour generation .
cylinders)
12| POUEXvage [studgedrying] P | 100 |na| S |is|na| MW R718 turbo 500 | 45 | na | [2]
Epcon o g drying steam "7 | generation o (2 stages) ' o
. process hot . 12, | 20, | process hot LT-C: R290, . 2.5,
13| SkaleUP dairy water (re)cooling 0 5 water 115 95 CCHP HT-C: R600 piston 300 23 6,500 | [2]
14| QPinch | chemical | St4M ONaUSt | 1o qg5 | SAM 1 4g . qg5 | NeA trans- HPO, | heat-driven | 2,900 | 0.45 | 2,500 | [2]
production vapour generation former
15| Huauan gy | W asteneat | 95 120 | S | gsp [ | MEAUES im0 | heatdriven | 7553 | 048 | na | [2]
Taimeng benzene generation former
. . CCHP +
Shanghai alcoholic . steam LT-C:R410a,
16 Nuotong beverage distillation air n.a | 18.9 generation 120 | 90 | Flash Tank + HT-C-R245fa screw 180 185 | n.a | [2]
MVR
17 Hu'a yuan refinery alkyl- waste heat | 86 | 127 steam 150 | n.a heat trans- LiBr-H,0 heat-driven 5,100 | 048 | n.a. | [2]
Taimeng benzene generation former
Shandong
18| Zhanggiu | refinery | Cthanol | edaust oo 1o st detina] MR R718 centrifugal | n.a | 7.68 | 7,000 | [2]
Blower distillation vapour generation




DEMONSTRATION CASES -

TEMPERATURE AND PERFORMANCE

- Max. temperatures in demo.

cases.

« Conventional closed-cycle heat
pump: 138 °C

« MVR: 211 °C (sat. temp.)

« Stirling heat pump: 183 °C

* Higher COP|44ing at low mean
temperature lifts.

@

18
®CCHP
»MVR
5 a
12
H m
@o@
H
®
© o
Average Heating COP: 3.9
Average temperature lift: 65.1 K
20 40 60 80 100 120 140 160

Mean Temperature lift [K]
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SUMMARY AND PERSPECTIVES f‘\

« HTHP technology continuosly being developed,
hence increasing potential for further
demonstration and application cases.

Max. supply temp. [°C]

- Task 1 report on HTHP technologies to be
published on Annex 58 homepage.

200

HTHP supplier technology review. Spec. inv. cost [€/kW]

TRL level 4-9

Average specific cost 200 €/kW - 1500 €/kW
Capacity 0.03 MW - 70 MW

WEVEET VAT ]I 1T 100 °C - 280 °C

Availability Geographical dependent, e.g.
between Europe and Japan
WV L TR R TG G LT - 34 different technologies

3 examples of dependencies
for HTHP technologies.

HTHP demo. case review.

Industries 9
Processes Drying, hot water, steam,
; All information in review were provided by the suppliers
thermal §eperatlon without third-party validation. The infomation was provided =~
Number of demo. cases Information about 16 cases as an indicative basis and may be different in final DANISH
descriptions collected installations depending on application specific parameters. TECHNOLOGICAL
INSTITUTE



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

GROUP SESSION

How to exploit the potential?

Benjamin Zuhisdorf, PhD, Center Project Manager, DTI




HOW TO EXPLOIT THE POTENTIAL OF HTHPs?

Qﬁ

Technology
Development

b

Demonstration

Process
Integration

e Energy
integration
methods

e Decarbonization
strategies

e Process
equipment

e Collecting long-
term
experiences

e Increasing
technology
acceptance

e Component and
system
development
and optimization

e Testing function
& performance

N
®.
A

e Exploiting
synergies
through cross-
sectoral design
and operation

e Testing of
system behavior

o

[e]

Business Models

e Cross-sectoral
collaboration

e Heat as a service
e Contracting

'/
-y
\é

Dissemination &
Education

* Increasing the
awareness for
the technology
and its
potentials

e Education of
skilled labor

)

< integration
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AGENDA - 8 GROUPS

General Introduction and Keynotes
09:00 - 09:10: General Introduction, Benjamin Zuhlsdorf, DTI

09:10 - 09:25: Application potential of HTHPs in industry, Steven Lecompte, Ghent University
09:25 - 09:40: Technology status and perspectives, Jonas Lundsted Poulsen

Group sessions

Technology . Research

Jonas L. Martin P. Svend V. Paul Sabrina Michael Steven Ghent
Poulsen  Andersen Pedersen Scheihing Dusek Lauerm. Lecompte University

09:40 - 10:05 Group1 Group2 Group3 Group4 Group5 Group6 Group7 Group8 [RAACIEEEES:

- Potentials
10:05-10:30 Group3 Group4 Group5 Group6 Group?7 Group8 Group1 Group2 Challenges

10:30 - 10:45 Break Actions
10:45-11:05 Group5 Group6 Group?7 Group8 Groupl1 Group2 Group3 Group4d

11:05-11:25 Group7 Group8 Group1 Group2 Group3 Group4 Group5 Groupb6

Summary & plenary discussion
* 11:25-11:40: Wrap-up of the group sessions
* 11:40 - 12:00: Plenary discussion
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High-Temperature
Heat Pump Symposium

4th HTHP SYMPOSIUM

Focus on:

« Potential and demand
 Successful case studies

* Available technologies

- Developments and trends

Applied RD&D and industry focus

Save the date:
23rd & 24th of January 2024
http://hthp-symposium.org/
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http://hthp-symposium.org/
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