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Integration Concepts for HTHPs
Terminology in IEA HPT Annex 58

Task 1 - Technology Task 2 - Integration Concepts Task 3 - Application/Transition

* Heat pump systems (e.g., cycles,
component types, configurations, etc.)
* Supplier specific technologies (e.g.,
omponent technologies, protected
solutions, etc.)

* Irrespective of specific applications
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* Blueprint solution for reference

processes (e.g. hot water production,
steam production, spray drying, etc.) or
systems (e.g., dairy, slaughterhouse,
hospital, etc.)

» Can include several HP system types,

irrespective of supplier

cordin.arpagaus@ost.ch

+ Addressing the conversion from existing

systems towards concept solutions

+ Focus on case specific characteristics and
challenges

+ Consideration of local boundary
conditions



eference process or system defined by:
Process layout
« Process characteristics (mass flows,
heating and cooling demands,
temperatures, ...)
« Production patterns (batch, continuous,
shift-based, ...)

Processes
and Systems

integration concepts can be defined

Processes and Systems l ) For.each process, different

Integration Integration Integration usslble integration concepts described by:
Process layout

Integration Concepts megration | TP ConsantB Concept L s nevor et v
(HP as black box, independent Coneepts _{E@ 4“ :

Buffer storages for dynamic demands

Heat supply technologies as black-boxes

Combinations of various technologies
+ Specifications for each HP application

. o
from HP solution) il

Specific HP Applications can be found in
many integration concepts I For each heat pump application, there can be

multiple suitable heat pump concepts.

i Specific HP Applications (steam
productlnn, hot water prod

HP Concept | HP Concept Il HP Concept ... HP Concept characterized by:
7 . - I Main functioning principle

Heat Pump !« System layout, working fluids,

C
H eat P u m p co n ce pts oncepts T ?;,Tfﬁiﬁ;ggfisn off-design and part
load

Heat Pump Technologies

according to their underlying principles to HP concepts. There can be

HP Technologies are supplier specific but can be classified/grouped
multiple suppliers providing technologies based on the same concept.

Technology X Technology Y Technology Z Possible HP technologies characterized by:
+ Manufacturer

OFFSHEH «  Working fluid and system layout

+ Compressor type

+ Part-load and off-design behavior

+ Investment

P «  Physical foot-print
ICR 2023 Workshop + - Overview defined by Task 1 O S T
24 August 2023 cordin.arpagaus@ost.ch

MITSUBISHI
POWER

Heat Pump
Technologies

Integration Concepts for HTHPs

Integration levels
¥ (Petersen and Zuhlsdorf, 2022)

Highest Buffering and load balancing
efficiencies Pl.‘ctces.s Larger capacities _
modifications Limited process modifications

Heat recover
L Economy of scale

Process dependency

Low required PBT Longer (economic)
Various application requirements planning horizons

ICR 2023 Workshop OST
24 August 2023 cordin.arpagaus@ost.ch



Integration Concepts for HTHPs
Literature review

Collection of publications from journals and conference papers

Search keywords: integration, heat pump, high-temperature
Description: by schematic figure and literature reference

Status/quality of integration concept: concepts, planning phase, realized

List of examples

5 | ICR 2023 Workshop OST
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Integration Concepts for HTHPs
Template for examples characterization

:;c;:isstion Level of Combination |Combination
P Integration |integration with other with thermal |Literature
Process (temp, ) )
- Concept (process, unit, |heating energy Reference
capacity, utility, sector) |technologies |storage (TES)
media, ...) ’
Concept A
Process 1 . Concept B
(e.g., spray drying)
Concept C
Concept A
Process 2
(e.g., pasteurization) Concept B
Concept C

etc.!

6 | ICR 2023 Workshop OST
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Integration Concepts for HTHPs

Examples: Distillation, drying, steam generation

Distillation processes bioethanol

(Arpagaus et al., 2022)

Schnapps distillation case study

(Arpagaus et al., 2023)

Whisky destillation

(Langauer et al., 2022)

Heat pump-assisted distillation

(Yang et al., 2016)

5-stage MVR-HP with water in a closed loop in two distillation columns

(Gotaas et al., 2022)

MVR-HP system with several-stage compressions

(Gotaas et al., 2022)

Spray dryer for protein-rich fish food production

(Andersen et al., 2023)

Spray drying process with HTHP, recuperator and electric heater

(Arpagaus, Bless, et al., 2023)

Integration of CO2 HTHPs and conventional heaters for spray dryers

(Bellemo and Bergamini, 2022)

Tixotherm Process for drying milk permeate powder

(Arpagaus et al., 2023)

Drying of fish food pellets at BioMar

(Petersen and Ziihlsdorf, 2022)

Industrial dryer

(Holder, 2022)

Brick drying

(Wilk et al., 2023)

Starch drying

(Wilk et al., 2022, 2023, (Schlosser, 2022)

Electronic coil drying

(Schlosser, 2022)

Steam generation by ammonia bottom cycle and MVR-HP top cycle

(Gotaas et al., 2022)

Steam generation via MVR and flash tank

(Schlosser, 2022), (Schneeberger et al., 2021)

Steam generation via MVR and flash tank

Steam generation via MVR and heat exchanger

(Schlosser, 2022)

Steam production with Rotation Heat Pump

(Langauer et al., 2022)
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Integration Concepts for HTHPs

cordin.arpagaus@ost.ch

(Schlosser, 2022)
Oost

Examples: Dairy, food, paper, district heating, others

Cheese factory hot water generation in combination with a storage tank

(Arpagaus, 2019)

Dairy culture production from district heating with natural refrigerants

(Andersen et al., 2023)

Dairy steam generation for the CIP process

(Arpagaus et al., 2023)

Upgrading exhaust gas and process waste heat streams in the dairy industry

(Corrales Ciganda et al. 2022)

HTHP integration in a dairy TINE Bergen

(Ahrens et al., 2021) (Braekken et al., 2022)

Milk sterilization with steam

(Corrales Ciganda et al. 2022)

Brewery hot water

(Andersen et al., 2023)

Sausage cooking

(Arpagaus et al., 2023)

Pasteurizaiton

(Langauer et al., 2022)

Electrolysis

(Langauer et al., 2022)

Extrusion process

(Wilk et al., 2023)

CO, HTHP for wellness sauna applications

(Seitz et al., 2028)

Upgrading exhausted air waste heat in the paper industry

(Corrales Ciganda et al. 2022)

Upgrading cogeneration waste heat streams in the paper industry

(Corrales Ciganda et al. 2022)

Heat recovery and process cooling

(Kukkola, 2022)

Solarthermal and Rotation Heat Pump

(Ecop, 2023)

Upgrading district heating at DIN Forsyning

(Petersen and Ziihlsdorf, 2022)

Heat from the cooling of the steelmaking process for district heating

(Barbon, 2022)

District heating and booster

(Langauer et al., 2022)
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Integration Concepts for HTHPs
Summary

_ _ _ HOT WATER
Heat pumps as a blackbox (different optimal HP technologies)

Different examples HOT AIR
Industries = Processes = Applications - Integration Concepts
STEAM

Next steps:

Continue literature review and collect references from recent conferences: IEA HPT 2023
Chicago, IIR GL2022, ICR2023 Paris, IEA HPT Magazine, HTHP Symposium 2017, 2019,
2022, Demo Cases IEA Annex 58, etc.

Define ways of visualization of integration concepts:

= Simplified drawings and schematics (standardization of symbols for drawing)

idence in HTHP
= Heating and cooling demand profiles (batch, continuous) HaVe conﬂden ive ita try‘
= Pinch curves technOIOQy and gl

|
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= Temperature profiles



Integration Concepts for HTHPs

Collection of
Examples
preliminary)
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Integration Concepts for HTHPs
Distillation processes

Distillation processes bioethanol (Arpagaus, Bless, & Bertsch, 2022), (Arpagaus, Bless, & Bertsch,
2022) (Schlosser et al. 2022)

Schnapps distillation case study (Arpagaus, Bless, et al., 2023)
Whisky destillation (Langauer et al., 2022)
Heat pump-assisted distillation (Yang et al., 2016)

5-stage MVR-HP with water in a closed loop in two distillation columns (Gotaas et al., 2022)
(ZUhlsdorf et al., 2022)

MVR-HP system, utilizing the several-stage compressions to optimize process integration, and
water steam supplied to distillation- and boiler processes (Gotaas et al., 2022) (Zuhlsdorf et al.,
2022)

12 | ICR 2023 Workshop OST
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Integration Concepts for HTHPs

Distillation processes bioethanol (steam generation with flash tank)
(Arpagaus, Bless, & Bertsch, 2022), (Arpagaus, Bless, & Bertsch, 2022) (Schlosser et al. 2022)

No.| Supplier Industry | Process Heat source Heat sink HP Type | Refrigerant | Compressor | Capacity | COPy,
low-temperature steam Uil | Tor | T | GRE [T | 7w
Operation | [°c] | [°C] | Operation | j°c] | [°C] i
e 6| Kobelco | refinery 3“::;2’:: z‘:’ﬁ; 6 | 65 | distillation | 115 | 110 FI:::::;k RoSSfa | twinsew | 480 | 35
— flash tank Distillate
Fermentation _.L cooler
— — liquid 10%
s condenser P
i Ethanol
Distillation === qr
column o S
T il-cg'g (0%  80°C 65°C
\lz 115°C
Liquid wat
— evaporator e
& Flash tank Heat pump
| waste heat source * 1 unit 110°c x5 units
| oo H
Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies (Stezm supply ratio: 30%) o 3C
oller
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Integration Concepts for HTHPs
Schnapps distillation case study
(Arpagaus, Bless, et al., 2023)
731087 °C
Vi Water- .
. Electric
Cooling water glycol ower
S circuit P
10 to 7t09°C
37 °C Cooling
A Y water tank
Condenser Z 3r°c 23°C )
99 °C < 118°C
10t022°C Electric Condensate . ./ . Steam
power

Dephlegmator 118 °C

1.8 bar(a)

*| 5660

114 °C (1.6 bar(a))

99 °C (condensate)

Still
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b 99 °C
Steam boiler

2-stage
with closed-cycle

HTHP and MVR
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Integration Concepts for HTHPs

Whisky distillation
(Langauer et al., 2022)

Kondensator
pEe

Destillation
flexibility

High temperatures

Prozesswasser - 5enke

senke  —gpc |

[soc
: % BRI o o=
:b -y i * Produkt [55°C) - Whisky
+ * Maische fir
000 ¢ Destillation =T

Source:

— condensation

XX Quelle .

- Quelle

Sink:

— destillation

24 August 2023

=~ ; '
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Integration Concepts for HTHPs
Heat pump-assisted distillation

(Yang et al., 2016)
T(C

Reactor 3

180}

160' \

140 reboiler

=l 120
ey 448 kW Gﬁ:j ‘
80 ‘ 33kw@

130T 30C 100C Reactor |
‘ 120C

60 +—— e
condenser i \:@
40 : h0t3 \X 40T
162 kW

0 20 40 60 30 100 H/kW  Fig. 13. Resulting flowsheet after implementing the heat integration single-
column.

Fig. 12. Improvement of heat pump placement single-column.
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Integration Concepts for HTHPs
5-stage MVR-HP with water in closed loop in two distillation columns

(Gotaas et al., 2022) (Zuhlsdorf et al., 2022)

CASE STUDY 1 5-stage MVR-HP with water in closed loop, utilzing o EPCON
latent heat in top vapor of two distillation columns. Evaporation Technoiogy AS

Main data:

+  Medium: Water vapor

+  Temp. Inlet MVR1: 103°C
+ Temp. Outlet MVR2: 123°C
+  Temp. outlet MVR5: 148°C
= dT, total: 45°C

!

@ Energi supply
8600 kW

Energy cons.

(Py) 1050 kW

= GOpB8.2

A—
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Integration Concepts for HTHPs
MVR-HP system, utilizing the several-stage compressions to
optimize process integration, and water steam supplied to

distillation- and boiler processes (Gotaas et al., 2022) (Zihlsdorf et al., 2022)
Source:
- Hot water or District heating |
- Flashed (avoid dT in HX)
- 100 to 70°C (%) % “ “
-12.5MW
100°C
110 °C
5 MW 150 °C
5 MW
Energi supply =
15 MW g
|
&Energy cons. e ==
(Pe) 2.5 MW ‘%‘
® core _— g
f— s ' o ——
70°C m‘ Hei‘ PJ;;:“ Spyfnputsiur:

Copenhagen 29.-30.3.2
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Integration Concepts for HTHPs
Spray drying
Spray dryer for protein-rich fish food production (Andersen et al., 2023)

Spray drying process with integration concept of a HTHP with recuperator and electric heater
(Arpagaus, Bless, et al., 2023)

Integration of high temperature CO, heat pumps and conventional heaters for spray dryers
(Bellemo and Bergamini, 2022)
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Integration Concepts for HTHPs

Spray dryer for protein-rich fish food production

(Andersen et al., 2023)

2004

175

m— 5lnk

—5ource. —— Water—T1

R-744

cordin.arpagaus@ost.ch

Electric heater

1501

Temperature [°C]
= -
~ o N
w o [}

w
o
L

N
w
L

Sink —
R-744

Water —»
Source —p
Process —p

/ Ambient air, 30 °C

Sink

190 °C @

280°C

Compressor

Drying of fish food at 280 °C in spray
dryers using R-744 brayton heat pump

A protein rich substance is dried in several

@ Dparallel spray dryers using 15,000 kg/hr of dry air
heated to 280 °C.

Ambient air is heated from 30 °Cto 190 °Cin a
heat exchanger connected to the heat pump by

@ a secondary water loop before an electric heater
raises the temperature to 280 °C w. a total COP
of Lil:

The exhaust air comes out at 90 °C at 12 %
@ relative humidity which is used as the source of
the heat pump.

Expander HX

(T

0.0

20

0.2 04 0
Transferred energy [MWI
Figure 2a: Spray dryer for protein rich fish food production.

ICR 2023 Workshop

24 August 2023

THD e
6 0.6 Eyhaust i 35 *C Jsoynie 90°C
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Heating COP

2.02

Heating capacity

0.8 MW

Sink Source

w190 =35 %
207 90.°C,

Product|

Refrigerant

Carbon dioxide, R-744

Important remarks

High pressures 150 bar
Compact cycle

Oost



Integration Concepts for HTHPs

Spray drying process with integration concept of a HTHP with

recuperator and electric heater

(Arpagaus, Bless, et al., 2023)

540 to 600 kW 250 to 300 kW
82 to 97 C 34(041 °C
200 to 207 C 19to 27 C

\J
Electric Feed 5

Steam
(15 bar)

Recuperator
Dehumidifier

Dehumidifier
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Integration Concepts for HTHPs

Recuperator -50

250 — . - Standard R245fa heat pump
Qunet  Net heatingdemand i .
with recuperator
200 -
694 KW 597 kW
150 E Q
c 10°C 70°c <H_110°C 200°c| Seray |sgo°c
100 | ' ——| drying
Trink Prch A process
75 C} —
50 ) [N w
! Compressor ¢ COP, =1.77
I 337 kW el
) Exhaustair or. Electrical power
about 20 °C Qcner Net cooling demand > 23°C saved = 52%

0 200 400 600 800 1000 1200
Thermal load AH in kW

0, 259kw

250 e
Qinet Net heatingdemand i Transcritical R290 heat pump
200 with recuperator
694 kW 542 kW
150 .
Powder ¢ 1 10°C 70°C QH 133°C 200°c| Spray |go°C
Product 100 ! ' ——{ drying
T*in i A process
50 !
i Compressor Wc
o 249 KW COPy=2.18
Qc,net Net cooling demand . Electrical power
f . : : . 22°C saved = 54%

0 200 400 600 800 1000 1200
Thermal load AH in kW

OOST
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Integration of high temperature CO, heat pumps and

conventional heaters for spray dryers

(Bellemo and Bergamini, 2022)

Integration of a CO, heat pump with parallel heat recovery

*patent pending

18 bar
Natural
' — ()
. Steam
boiler

Flue gas l ’]47
Boiler
economizer
30.°C
1 bar
ICR 2023 Workshop

24 August 2023

Steam supply line Al
ir
preheater Process air

Process air to spray dryer

from ambient "‘_’lﬂ}_“.
1 5 cC 120 C I St am 200
heater
a |‘| Economizer
= N\

1
Electricity I - ’ﬂl:ﬁg»chllled
& % IM— water

CO2 heat pump

Condensate return line
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Integration Concepts for HTHPs
Drying processes (others)
Tixotherm Process for drying milk permeate powder (Arpagaus, Bertsch, et al., 2023)
Drying of fish food pellets at BioMar (Petersen and Zuhlsdorf, 2022)
Industrial dryer (Holder, 2022)
Brick drying (Wilk et al., 2023)
Starch drying (Wilk et al., 2022, 2023) (Schlosser, 2022)
Electronic coil drying (Schlosser, 2022)
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Integration Concepts for HTHPs
Tixotherm Process for drying milk permeate powder
(Arpagaus, Bertsch, et al., 2023)

Milk permeate Steam 140 — 140
- 130 Hot Utilit 130 | | Gondenser (940 kW)
Feed tanks 1.4 bar(a), 110 °C 120 120 |
—_— 10 + 110
100 100 |-
o 2 N
© gt © 80
c 70 | Unused =70l Compressor
£ 6o | wasteheat at70°C £ ool (417 kW)
50 50 -
b 5 g COoP=23
in 30 30 | | Evaporator
TIXOTHERM ; 20) 20 1| (523 kW,
4 f | 0
rying plant 53~ o}
: O 0200 600 1000 140018002200 26003000 0100 300 500 700 900 1100 1300
| - Thermal load H in kW Thermal load AH in kW
~ o) 140
A = ot 130 Heat Recovery (HR)
co - 120
N 110
8 100 =
o0 ondenser
= I [Vioro uaizr & o, [
i 2 £ 0T heat
= L 60
] [ 50
A 40
< 30 Evaporator
o Filling 20
% e L i " i
; 4 1 Powder 0200 600 1000 1400 1800220026003000

Thermal load H in kW
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Integration Concepts for HTHPs
Drying of fish food pellets at BioMar
W (Petersen and Zuhlsdorf, 2022)

200

190
M_peliets Drying process diagram is 180}
= i 170 Condensalion
1 _pellets 1 mglﬂ - 12 L
M moisture 140
l M_pellets dry ]w M_pellets_wet 130[ Liguid refr
120f

10
M_air_in \/ 10af

0ol Alr heating
T air i I air out 80 [

Temperature [C]
=

driEd 30

Moist air source

.1 pellets_dried fg_ 1
’ Q_Heater [ ABrper H QiDryer 2 ” Q Drper.3=4 ' ? 00 200 300 400 500 800 700 600 900 1‘:;00
Power [kW]
Schematic of the drying process. Wet pellets enter at the Energy balance showing the power used for hot air and
top. Hot air is added from left, and additional heat is additional heat (shown in red). The energy content in the
supplied at bottom. Warm , humid air exits at top right. moist air source is shown in black. The potential energy
Finished, dries pellets exit at bottom right output of a heat pump using pentane as medium is shown
in blue.
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Integration Concepts for HTHPs
Industrial dryer

¥ (Holder, 2022)
PROJECT REFERENCE i
CSH2T HIGH TEMPERATURE UP TO SDT 125°C (CWLT 120°C)

/' Industrial DRYER — Heat Pump Concept
exhaustive air

SINK: 750 kWth COP ~2.5 Source: 460 kWth
50°C

120°C

Dryer

outdoor air supply Gt condensate
eat pump

(CSH2T prototype)
(VSD driven) 2 ;
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Integration Concepts for HTHPs
Brick drying
w (Wilk et al., 2022)

27 | ICR 2023 Workshop
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100°C
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Integration Concepts for HTHPs
Starch drying
w (Wilk et al., 2022, 2023), (Schlosser, 2022)

cordin.arpagaus@ost.ch

No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor Capacity | COPy
TE SR & e I T [ ™
Operation | [¢] | [c] | Operation | ['¢) | ] e
3 AMT food starch T ctetioat | 72|76 | ding | 133|986 | cowe |missemm@|  soew 37 32
drying 2 =
9| viking | minerals |brickdrying :;;a:;r B0 | 8| dying |12 % | CoP|RImEE)| 3‘;::::” 296 5 ‘
Exhaust air
~200 th@52°C T [F€] 4
(48% RH)
Dry product
14 th “intermediate circuit
0, i 1
(10% moisture) (Water) DF‘QF i
- - :
- ».&‘ 140°C
:
Wet product X @Closed loop 1§
(35-40% moisture) i heatpump
L)
H
L)
PN »
! = »
~200 th@158°C H [kwW
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Integration Concepts for HTHPs
Electronic coil drying
(Schlosser, 2022) in (Zuhlsdorf et al., 2022)

No.| Supplier | Industry | Process Heat source Heat sink HPType | Refrigerant | Compressor | Capacity | COP,
- I Unit [ Tew | T | Unit | Tew| Tin o
Boiler Operation | [+¢] | |°c] | © rel | 1l
for backup Erech air 2 | Mayekawa | electronic| coll drying | painting | 25 | 30 | drying | 120 ] 20 | ceHe R7a4 piston 89 31
cooling
7 MHI electronic | coll drying | waste heat | 50 55 drying 130 | 70 CCHP R134a centrifugal 627 3.0

Annealing e et Drying B L = o e b s e e
furnace furnace ]
| Hot water
70°c | 4 130°c ‘ ATsink glide ;

ATy,
Heat r— ﬁ lift
source

: water e _________i_____.___
ssoc | Dehumidification ATSO“I_Cng]ide
< = by -~ llraceses b R R L N3
Thermal Heat pump
storage tank .
3 -
H TewW1
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Integration Concepts for HTHPs
Steam generation

Steam generation by ammonia bottom cycle combined with MVR-HP top cycle supplying HP
steam directly (Gotaas et al., 2022)

Steam generation via MVR and flash tank (Schlosser, 2022), (Schneeberger et al., 2021)
Steam generation via MVR and flash tank (Schlosser, 2022)
Steam generation via MVR and heat exchanger (Schlosser, 2022)

Steam production with Rotation Heat Pump (Langauer et al., 2022)
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Integration Concepts for HTHPs
Steam generation by ammonia bottom cycle combined with
MVR-HP top cycle supplying HP steam directly

(Gotaas et al., 2022) in (Zuhlsdorf et al., 2022)

CASE STUDY 3

Humid Air

1450 kW

,_Vﬁ ; 7 T

EI1.400 kW

EVAF 40°C

85°C
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Integration Concepts for HTHPs

Steam generation via MVR and flash tank
Alcoholic distillation, pulp drying, chemical (Schlosser, 2022)
MVR sludge drying (Schneeberger et al., 2021)

f

Traditional-HP bottom cycle with LP water steam supply, ¢

HVRHP top cycle supplying HP steam directly tc

b — —
Feed water, 85°C

Energi supply Energy cons.
2000 kW

MVR-HP: E1.250 kW

110 °C 120 °C

1000 kW
(Latent Heat)

1000 kW
(Latent Heat)

T

COP 3.1

—
 e—

(P.) 650 kW

cordin.arpagaus@ost.ch

MVR sludge dryer
(Schneeberger et al.
2021)
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Steam compressors
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No.| Supplier Industry | Process Heat source Heat sink HPType | Refrigerant | Compressor | Capacity | COPy |OW h| h
Unit | Yo | Tia Unit | Tou | Tin —_—" &
Operation | [c) | [°c] | Operation | {'c] | ['c) temperature MVR temperature
aleoholic product
1 na beverage distillation | _cooling 75 | 78.3 | distillation | 140 | m.a. MVR na na. 350 52 Steam steam
pulp and exhaust steam pinos
10| Spilling paper [PUIPOVInEL e | 05| 133 | ton | L[| MR R718 (aLr-,2HT- | 11200 | a2
cylinders) siys . .
-~ piston Spilling piston compressors runnig 7500 h/a
1| spiling | chemical | chemical | ™% |10 1s2 | *™*™ |21 |na| wmwr R718 (aLr- 207 | 1200 | 53
vapour generation eylinders) 3.2 bar,,, ; 16 bar,,, Exhaust steam, ~16 t/h, 3.5 bar,,,
sludge surplus steam turbo T iy I
12 |Rotrex, Epcon| sewage iving e 100 [ n.a gk 146 | n.a. MVR R718 i) 500 a5 &

e_ wet pulp

Pressurized
Superheated
Steam Cryer (PSSD)

v,

Clean condensate

ry pulp

3.5 bary,

Condensate, contaminated

OST



Integration Concepts for HTHPs
Steam generation via MVR and flash tank
¥ Sludge drying, thermal separation (Schlosser, 2022)

No.| Supplier Industry | Process Heat source Heat sink HPType | Refrigerant | Compressor | Capacity | COP,
unit | Tow | T unit | Tom | Tin w1 low- high-
Operation | J*c] | [*¢C] | Operation | jc] | [*C] temperature
s Kobel sludge exhaust o1 | & steam 160 | 160 VR R71E twin-screw, &7 29 p tem peratu re
i i drying drying air generation roots blower S steam MVR steam
8| piter | piastics | el | eheust | g | gy | osteam || ag | wve R718 b 000 | 44
seperation |  vapour generation {8 blowers) -
<
Compressor Blower f
steam eed water
o =} — flash tank

L Hexane _#' i [ )

Evaporator
Heater Injection water R

- "!‘:“ ! Evaporator
! WE
f l H o Exhaust EPOM +
$ H BE ‘ Hexane
i : Condenced ‘ :, i waste heat source
—— water ‘ m;:::v
: over 1
L T Expansion valve = Laminator
- s Steam e
P
w1317 EPDM + Water | EPDM to dryer -

Deger Dried sludge
{Condenser) <ayinhaey
I0WW.B Steam at 126
Boiler

(back-ug)
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Integration Concepts for HTHPs
Steam generation via MVR and heat exchanger
¥ Pharma recooling (Schlosser, 2022)

No.| Supplier | Industry | Process Heat source Heat sink HPType | Refrigerant | Compressor | Capacity | COP,
Unit | Tou | Ty | URiE | Tom | T
Operation | [°c] | [*c] | Operation | [°c] | [*C] Lt feed water saturated steam zed
4| owende | PR | cocooling | TETOOUNE | gy | gg | SREM s || sidingHP | R704 piston 2250 | 17 pressurize
ceutical heat generation et atar
circuit
condenser
evaporator

&
o

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

31
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Integration Concepts for HTHPs
Steam production with Rotation Heat Pump
(Langauer et al., 2022)

Sink out:
130-140°C

Advantages:

Sink in:
60°C
% — High temperature

— flexibility

‘ Rotation Heat PUmp }~\‘

subsystem:

90°C Source:

— Waste heat of process

‘ Compression Heat Pump )\‘

Sink:

%% — Steam production

Source in: — 2-stage application

28°C

Source out:
5°C
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Integration Concepts for HTHPs

Milk industry
Cheese factory hot water generation in combination with a storage tank (Arpagaus, 2019)
Dairy culture production from district heating with natural refrigerants (Andersen et al., 2023)
Dairy steam generation for the CIP process (Arpagaus et al., 2023)

Upgrading cogeneration exhaust gas and process waste heat streams in the dairy industry
(Corrales Ciganda et al. 2022)

HTHP integration in a dairy TINE Bergen (Ahrens et al., 2021) (Braekken et al., 2022)

Milk sterilization with steam (Corrales Ciganda et al. 2022)
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Integration Concepts for HTHPs
Cheese factory hot water generation with a storage tank

(Arpagaus, 2019)

Data
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1
wld

=
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Integration Concepts for HTHPs
Dairy culture production from district heating with natural refrigerants

(Andersen et al., 2023)

200

175

4
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Figure 3a: Steam production from district heating for a dairy culture production facility.
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Wort boiling with hot water system using
R-601a from heat recovery tank

A brewery uses 2.4 MW of hot water at 145 °C for
wort boiling distributed several temporally offset
batches in parallel. The remaining processes are
covered by the heat recovery tank.

Water returns from the high-temperature
processes at 90 °C which is heated back up to
145 °C by the heat pump keeping the
conventional gas boiler as a back-up.

90 °C hot water from the heat recovery tank
supplies the heat pump and returns at 80 °C.
The tank is supplied by a ammonia heat pump
and recovered process heat.

Heating COP 4,93

Heating capacity 2.4 MW

—145°C
90 °C

Isopentane, R-601a

COP of 2.49 w. bottom HP
ATEX required

Figure 3b: Steam production from district heating for a

dairy culture production facility.
Ops

m —80°C
Sink Source 90 °C

Refrigerant

Important remarks




Integration Concepts for HTHPs
Dairy steam generation for the CIP process
(Arpagaus et al., 2023)

Cooling towers

4.5 bar(a), 148 °C %E LSA

3.7 22.7 GWh/a
= 3 HTHP
Wastg . ) .
heat
Electricity
Cold Condenser heat cip
Ammonia Cleaning HP
NH, Ice water Aeidsada in Place
chillers processes (2)
==
Cold water
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Integration Concepts for HTHPs

Upgrading cogeneration exhaust gas and process waste heat

streams in the dairy industry (Corrales Ciganda et al. 2022)

. P 2
e e . . High-Temperature @
: <ty m Heat Pump Symposium

Copenhagen 29.-30.3.2022
HTHP application combined with cogeneration units (l): whiery
Exhaust gas heat from gas turbines (Dairy plant)

water, 80 2C Preliminary technoeconomic assesment*®

Car Yearly operating 6000
HTHP -1 "
SYSTEM J l 21
o N Heat Produced 5778
cop, =47 ~ (MWhyear)

: PES (MWhiyear) 4740

! i
o= | 90C

—B— Investment cost 400
800 kw (kW)
‘ Payback period 248
Spain (years)
Lt Payback period 1,99

| (For sterilization or CIP units}
e Germany (years)

Payback period 2,36
*Energy costs assumed: Natural Gas: Spain:27.7 €MWh ,Germany 29.2 €MWHh, Italy: 32.7 €MWh Italy (years)
Electricity: Spain:85.4 €MWh , Germany: 65.1 &MWh, italy: 106.7 €MWh
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Integration Concepts for HTHPs

Milk sterilization with steam
(Corrales Ciganda et al. 2022)

Potential HTHP integration in a dairy plant
—- warenfﬂ“c sisisizE o b T Preliminary technoeconomic assesment*
T
Yearly operating 2000
o hours
HTHP i
SYSTEM 0 Heat Produced 714
80 kW 277 kW (MWh/year)
X R PES (MWhiyear) 472
E
e | | Investment cost 600
14.8 mé/h (E/kW)
.. B5°C ”@ 2’59 W 45°C
j°‘"' bk Payback period 15,33
Sterilized milk, 50 9C uum Spain (years)
1 To water treatment
. = Payback period 10,61
(VWL Sierlizer Germany (years)
Steam Used for sterilization
Payback period 15,04
} ) X Italy (years)
*Energy costs assumed: Natural Gas: Spain:27.7 €MWh ,Germany 29.2 €/ MWh, Italy: 32.7 €MWh
: s . Electricity; Spain:85.4 €MWh , Germany: 65.1 € MWh, Italy: 106.7 €/MWh .
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Integration Concepts for HTHPs
HTHP integration in a dairy TINE Bergen

Combined cold and heat supply (Schlosser, 2022), (Ahrens et al., 2021), (Schlemminger et al. 2022),
(Braekken et al., 2022)

Demo case - hot water production with cascade HTHP

No.| supplier | Industry | Process Heat source. Heat sink HPType | Refrigerant | Compressor | Capacity | COP,
Uit [T | T | Uit | Tou| T pa) IHEX )
Operation | [°¢) | [¢] | Operation | |c) | [C]
. process hot ” 12, process hot LT-C: R290, HT] = 25, o
3| skalewp | dairy PO (rejcoiing | B0 fa0, 5| PRI | ys | g | conp iy piston w0 |33 Expansion Y/

valve
Tk voler HW_CIP —
04°C f ] ¥ 119C
300 ) < : e r it
v 4 v
i .
T .-\r.nmumn CO; Heat HTHP
Chullers Pump | Cascade e
| Elecws Heater |

Process ice

&) E | il
4 & water Process hot water
Py - J = - (0.5°C/4°C) (95°C/ 115°C)

Dr.-Ing. Florian Schlosser | Paderborn University | Department of Energy System Technologies 32 O
OST

42 | ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch



Integration Concepts for HTHPs

Electrolysis

(Langauer et al

., 2022)

65°C

85°C

1
l
I

TSR

42°C
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Integration Concepts for HTHPs
Extrusion process

(Wilk et al., 2023)

N

woterial =% dryer
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at Geba Kunststofftechnik (Austria)

5

Advantages:

— High temperatures

— flexibility

Source:

— Cooling water

Sink:

— Process, DH

0 kW Butane (R600) HTHP

Source: 50-80 °C

Sink: hot water up to ca. 130 °C
Water bath: 48 °C

T_cond max: 125 °C

mﬁteﬁal — AW
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Integration Concepts for HTHPs
Wellness Sauna

¥ Integration of a CO, HTHP for Wellness Applications (Seitz et al., 2018)

CO2 Heat Pump Compressor

L

Steam Generation 80 °C 80 %
120 Low (

110°C oo
Steam Generation 65 °C 80 % Pressure )
;3 Y, [T Receiver = :
-y Bio Sauna 55 °C |
TR Ui o 2y e, SN
2 o
g, Bl o T T et e Gas Cooler 1
3 Refrigerant in Gas Cooler A =)
w0 e - -
20 Space Shower| | ||
Heating do°C 55
/ 30°C 60=C
o
Entropy [1/kg/K] g Gas Cooler 2
N e
oay PRVRTOVIOIR ; el "
1 1 |
Emergency Cooling/ | Vs | Gas L
Space Heating { | Cooler3
i | 20°¢
=

= al i

[l

-‘&*“G—:

N,
5
>
Internal Heat

2 @ Al Exchanger

Cold Water System. @E Evaporator
N

High Pressure
| Regulating Valve

45 | ICR 2023 Workshop

Water Storage (2000 1)
with Layer System

24 August 2023 cordin.arpagaus@ost.ch

Integration Concepts for HTHPs

Food & Beverage
¥ Brewery hot water (Andersen et al., 2023)
¥ Sausage cooking (Arpagaus et al., 2023)

¥ Pasteurizaiton (Langauer et al., 2022)
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Integration Concepts for HTHPs
Brewery hot water
(Andersen et al., 2023)

= R601a Hot water, 145°C_| High-temperature Wort boiling with hot water system using
2004 &5iirea - Process heating R-601a from heat recovery tank
A brewery uses 2.4 MW of hot water at 145 °C for
175+ — T e — wort boiling distributed several temporally offset
Sink batches in parallel. The remaining processes are
Existing hot covered by the heat recovery tank.
150 : water boiler Water returns from the high-temperature
¥y ‘ / ° processes at 90 °C which is heated back up to
L / | 145 °C by the heat pump keeping the
© 1254 conventional gas boiler as a back-up.
% / Compressor 90 °C hot water from the heat recovery tank
o] L e 3 supplies the heat pump and returns at 80 °C.
5,100 / Throttling IHX ® Thetankis supplied by a ammonia heat pump
£
] ‘__________.‘_.—————'—" Heat valve [m and recovered process heat.
T 75 | ) L= recovery
: Heating COP 4,93
tank Source [sink —» e
50 90°C R-601A Heating capacity 2.4 MW
Bottom : 5 s
HP ML y Low-temperature P . o 96%45 : Bg:go :
&3 < Process — i
65 °C Process heah'ng Refrigerant Isopentane, R-601a
s Important remarks COP of 2.49 w. bottom HP
00 0 05 1.0 15 50 ‘ Recovered process - ATEX required
Transferred energy [MW] heat, 80 °C

Figure 1a: Hot water system for a brewery.
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Integration Concepts for HTHPs
Sausage cooking
(Arpagaus et al., 2023)

~——|Pressure reduction

Gas boiler

| High-pressure
| steam 6 to 8 bar(a)

Pasteur

G A
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Spiess’

Waurst fiir Feinschmecker.

Pasteur

Cooking/smoking

“|Pressure reduction

Cooking

Smoking

40 to 50 °C
g

waste heat

HTHP 550 KW
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Integration Concepts for HTHPs
Pasteurization
(Langauer et al., 2023)

Senkel
— Advantages:
‘OOO I — High temperature
: — flexibility

E%1
)
— 1

e e e ——— = iy Source:
A A 'y -~ P! A A :
| [l =p (iii0]= — Cooling product
: - Sink:

Ll — Heating product
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Integration Concepts for HTHPs

Paper industry

Upgrading exhausted air waste heat in the paper industry (Corrales Ciganda et al. 2022)
(Zuhlsdorf et al., 2022)

Upgrading cogeneration waste heat streams in the paper industry (Corrales Ciganda et al. 2022)
(Zuhlsdorf et al., 2022)
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Integration Concepts for HTHPs
Upgrading exhausted air waste heat in the paper industry

(Corrales Ciganda et al. 2022), (Zuhlsdorf et al., 2022)
tecnal:a ¥

et

Heat Pump Symposium
Copenhagen 29.-30.3.2022

Potential HTHP integration in a paper factory

Preliminary technoeconomic assesment*®

water, 90 °C Mm e . steam, 122 °C (2.2 bar)
sc c
e — | St -
SYSTEM . A6BKW 4s0kw | Yearly operating 6000
copr,=3.3 (| |)3xPiston compressor hours
E il Heat Produced 5688
T 1 (MWh/year)
STEAM
EXHAUSTED AR ‘ | % PES (MWh/year) 4283
FROM PAPER [==r
DRYER HOOD GLYCOL-WATER
g g Sk 2 Investment cost 600
HEATING GLYCOL CIRCUIT (€/kW)
IF T<Tset {40 °C)
4555 °C CONDENSATE Payback period 5,16
Spain (years)
Payback period 3,59
Sk Germany (years)
TO HALL HEATING 2
Payback period 5,30
ltaly (years)
‘Energy costs assumed: Natural Gas: Spain:27.7 €MWh ,Germany 29.2 €/ MWh, Italy: 32.7 € MWh
T Electricity: Spain:85.4 €MWh , Germany: 65.1 €/MWh, Italy: 106.7 €/MWh
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Integration Concepts for HTHPs

High-Temperature

Upgrading cogeneration waste heat streams in the paper industry

(Corrales Ciganda et al. 2022), (Zuhlsdorf et al. 2022)
tecnﬂl'ﬂ 2 Lo - High-Temperature :
R ﬁM Heat Pump Symposium

: Copenhagen 29.-30.3.2022
HTHP application combined with cogeneration units (l1): ¥ ol A
cooling system of biodiesel ICE (Paper factory)

Preliminary technoeconomic assesment’

steam, 117 8C warrl, 902C FE
T — L ‘ [ steam, 141 9C

LP STEAM Aahi

(for Deareator of gas boilers) | ‘ Yearly operaﬁng 6000
sc & ¥ i hours
HTHP -
sTEAM MM s 20s8ov ([ Heat Produced 16656
55 /I:u;r T 2stage turborompressor (MWh/year)
iy ‘ X CoP,=3.7 (Y]
i z T PES (MWhyear) 11578
00c e Investment cost 400
2100 kW (E/kW)
£ = F'aypack period 3,09
BoDiEseL s Spain (years)
< fortonin e Payback period 2,26
Gemany (years)
Payback period 3,09
*Energy costs assumed; Natural Gas; Spain:27.7 €MWh ,Germany 29.2 €MWh, ltaly: 32.7 €MWh ltaly (years)
. Electricity: Spain:85.4 &MWh , Germany: 65.1 €/MWh, ftaly: 106.7 EMWh

ICR 2023 Workshop
24 August 2023 cordin.arpagaus@ost.ch



Integration Concepts for HTHPs
General processes (heating and cooling)
Heat recovery and process cooling (Kukkola, 2022)

Solarthermal and Rotation Heat Pump (Ecop, 2023)
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Integration Concepts for HTHPs
Heat recovery and process cooling

(Kukkola, 2022)

Torkar
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Simplified flow chart
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Solarthermal and Rotation Heat Pump
¥ (Ecop, 2023) ho
O

=]

resh water

2
= stratified
buffer storage
preheated
water *
¥ Sink-out Source-out
=1 140°C 36-70°C
[> <
. |
— Source-in
end 90°C
heated

saturated
steam

generator
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Integration Concepts for HTHPs
District heating
¥ Upgrading district heating at DIN Forsyning (Petersen and Zihlsdorf, 2022)
¥ Heat from the cooling of the steelmaking process for district heating (Barbon, 2022)

¥ District heating and booster (Langauer et al., 2022)
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Upgrading district heating at DIN Forsyning
¥ (Petersen and Ziihlsdorf, 2022) Danish district heat utility (Din Forsyning, Esbjerg)

lllustration of utility company (left) supplying a variety of energy services: District heating for residential and industrial
customers (red & blue), steam and cooling for industrial customers (orange and light blue). The system may also include

collection of waste heat from industrial consumers (not shown).
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Heat from the cooling of the steelmaking process for district heating
¥ (Barbon, 2022)
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Heat from the cooling of the steelmaking process can be upgraded through a LHP and used for district heating instead of being wasted,
i.e. dissipated through cooling towers.

LHP TECHNICAL FEATURES
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District heating and booster

(Langauer et al., 2022)
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Advantages:
— Sensible heat transfer

— Flexibility

— High temperatures

Source:

— Storage

Sink:

— Heat supplier

— District heating

— Flue gas condensation
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