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Guidelines for the implementation of HTHPs in industrial processes

e Swiss market context

* Current HTHP technologies and
demonstration cases

* Possible integration concepts
* Applying Pinch Analysis
* Preliminary assessment checklist

* Technical, financial, and socio-
economic aspects

Al-created picture about “guidelines for the implementation of
heat pumps in industrial processes” (Adobe Firefly, 21 July 2024)
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Swiss Market Context

Objectives for a climate-neutral Switzerland by 2050
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Swiss Market Context : o

Characteristics of Industrial Landscape in Switzerland

* Proximity of industries to residential areas: industries
are often located closer to residential areas, impacts on
regulations, environmental impacts, safety and comfort

* Specific industry mix: food and pharmaceutical/biotech
sites with specific thermal energy needs

* Multi-layered regulatory framework: complex,
municipality, canton, and national levels

 Subsidy landscape: supports adopting renewable
energy technologies, including heat pumps, more
energy-efficient and environmentally friendly

* CO, taxes on all fossil thermal fuels (e.g., fuel oil,
natural gas): incentivize carbon emissions reductions,
CO, levy is at CHF 120 per ton of CO,

High Temperature Heat Pumps | 07 November 2024 | Online webinar



Swiss Market Context

Process heat demand (> 80 °C) in the Swiss industry (2021)
representing 54% of all energy needs and showing the potential for
HP and HTHP integration in the industrial sector

hil:ic:‘z Hot water Industrial sector 2. .
9.5% 1.7% Chemical/pharma [ ——————
Others Food/tobacco —
4.1% Cement/lime/bricks | ————
Drives, 152.8 PJ Metal products/appliances ::—
processes (42.4 TWh) Process heat Iron/stee! mm— Switzerland (2021)
23.2% total energy 53.8% _ Paperiprinting _jmmm— Process heat:
consumption 82.2 PJ GIa§s/cerarr.ucs/ctoncrete/stor?es [m— 82 2 PJ
Information & in the Swiss " Mechanical engineering, automotive [—mm -
communication, industry (22.8 TWh) Construction | .
entertainment (2021) Non-ferrous metals _- O Space heatlng & hot water
0.9% Textiles [m B Process heat
Air conditioning, 44 Water, waste
ventilation & Others —m—————— ===
building services Lighting 0 5 10 15 20 25
3.4% 3.3%

Heat demand [PJ]
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Swiss Market Context

Confederazione Svizzera
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Sources: Data adapted from SFOE (2021)

Swiss industry

Process heat
demand

Process heat and
steam demand
below 150 °C

Energy savings
potential through
the use of HTHPs
(= addressable
process heat share)

42’601 GWh

Potential energy savings through industrial HTHPs in Switzerland

152.8 PJ as of 2021

22’919 GWh

53.8% (>80 °C)

6’876 GWh

30% (estimate based on Heat
Roadmap Europe)

2’750 GWh
(6.5% of the
process heat
demand)

40% (moderate estimate of
conversion rate to HPs and
HTHPs based on technical
analysis within SCCER EIP)
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Types of HTHP Technologies

Electrically-driven HTHPs Thermally-driven HTHPs

T™m
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valve Compressor ~'[120[2.0]2.2[2.5]2.8[3.3] 3.9 P
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= 0,
n_Lorenz = 50% T™ — heat

Expander

Transformer | | 1

* Single-stage cycle
* Economizer cycle

. . Typical
* Twin or multi cycles Technology COP definition Maximum COP cop
S
e Cascade cycle
Y Sorption Qprocess
cop = B2 cop = 1—T—/T =] 13t02.
heat pump Qhigh H m— T

Evap Sorption [—>TH

* Condenser outlet split ejector cycle

* Transcritical cycle Py— cop — Qprocess op — (1Tt / Ty

* Joule cycle (or reverse Brayton cycle) heat transformer T Ouacce T Tl NGy ) | R0

* St|rI|ng cycle Vapor compression COP = mecess COP = . THT -
heat pump Wel H ™ 'L

* Mechanical vapor recompression (MVR)
* Steam compression systems




Market Overview of HTHPs
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Refrigerant

R718 (water)
R717 (NHs;, ammonia)

R290 (propane)

R600 (n-butane)

R600a (iso-butane)

R601 (n-pentane)

HFC (R245fa, R134a, R410a)

HFO (R515B, R1234z¢(E), R1224yd(2),
R1233zd(E), R1336mzz(Z))

Based on data from IEA HPT Annex 58 (2023)
https:/heatpumpingtechnologies.orqg/annex58/taski
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200 [ 'SIP'-'HTtﬁ HBtBt t (hyrofiuorolefins)
1 HFOs ofl
6 1 e Fﬂraﬁﬁﬁl Greenstea%m o R1233zd(E)
vondo HighLi
o 188 { ToCircle TC-C920 RT17 [ammorea), RT18
— ] 3 ToCircle MVR-400 D
@ 175 ,{ [ Kobelco MSRC160L R718
= 165 | L Ssgéﬁh? Vapor Compressor ﬁ:gumau L
1 ——
3 1 ) ﬂ Enertime HTHPs  ||Ri33mzz(7), R1224vd(7), R123324(E)
@w 160+ Weel & Sandvig Turbo Steam ﬂp RT18
| 1 R245f, R1336mzz{?), R1233zd(
Q ] Siemens Energy SEPF’,—STC—XK WIS I ([Ri1233:dE) . .
o | MAN Energy Solutions HPU I
150<] Epcon MVR-HP RT18
E ] L IANEO Industry R717. R718
8 | 5 ecop RHP K7 | AGO Gelrs ccop i 1 e B
_4 ]
145 A Mayekawa FS-compressor RS0 (-
= ] [ : J%ﬂ‘cﬁm R NDSS R2R3b [;m:mm]
1 /1 sner HFOs off
o 13041 = Ochsner IWWDS ER3b HFOs (hydrofluorolefins) |
Q ] I Ochsner IWWDS ER3c4 HFOs (hydrofluorolefins)
s | 1 ) I Mitsubishi Heavy Indusfries ETW-S R1Ma
7] & Friotherm Unitop 1 - — 4 HFOs (hydrofluorolefins)
1 ) ohnson Controls cascade [RT17_RB00 [n-butane) (cascade) |
E Hybrid Energy HyePAC, HyePAC-D R 1TRTS motwe.
Pt i k né—:ﬂ yAS%EPAC RT1TIRTAS mixure
[ ] Fen - W
= S——] Tﬁénﬂ%ra HTH Redsta, R12332d(E)
. 120< ] [ Combitherm HWW 9583 R1233zde(E) |R1233zd(E)
5 1 | o O I‘éﬁ |nal-:auv:EanHSS-cgn:ﬂﬂpn!ﬁSr.:nr RSO0
1 ilon ChilHeat P-Series RiZ33zd(E)
© 1 [ ] Combitherm HWW R245fa R2d5fa
= ] B K obelco SGH120 Ressta
1 _ _1Mayekawa Eco Sirocco
-—_—IEI Eull Ele-::tlr[lsc Steadm Eepe_ratmn Heat Pump Re4Sfa
s merson Cascade (hot air R245fa, Ré10a, RT1E
115 Iils ala Fabrikk SkaleUP R290 (propane), R600 {cascade)
1 Hybri - R717IRTA8 mudure
C——— 1Hybrid Ene HyePAC-D
110 { [ ] Engie tléermeco E 750 -
1 lemens Energy [R123426(E)
100{: Smardt OPK HTWP EE—— Siemens Co00 (AN Resta. Rt [csseade]
1 T T T T L .:_Maka-.‘awa T EI0 l"r-?'.llltl'lr '| [hOt ?"—.} T T T T T 17T l T RIME]

0.01 0.1 1 10
Heating capacity (MW)

100
High Temperature Heat Pumps | 07 November 2024 | Online webinar

and Arpagaus et al. (2022): China Heat Pump
Conference (YouTube Video Recording)
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Case Studies by industries and
application processes
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$” < Max. supply temperatures:

» Conventional closed-cycle (CCHP): 138 °C
 MVR: 211 °C (saturation temperature)
e Stirling heat pump: 183 °C

g5 W (@

Thermal Process hot
seperation water

Steam

No.| Supplier Industry Process Heat source Heat sink HP Type Refrigerant | Compressor |Capacity| COPy h?p's Ref.
ur
Umt. Tout | Tin Umt. Tout | Tin kW] [ha]
Operation | [°C] [ [°C] | Operation |[°C] |[°C]
Icoholi duct
1 n. a. beverage a_1c9 O.lC pro .uc 75 | 78.3 | distillation | 140 | n. a. MVR n. a. n. a. 350 52 n.a | [1]
distillation cooling
electro-
2 | Mayekawa | electronic | coil drying painting 25 | 30 drying 120 | 20 CCHP R744 piston 89 3.1 n. a. [1]
cooling
3 | AMT/AIT food starch drying| waste heat | 72 | 76 drying 138 | 96 CCHP R-1336mzz(Z) screw 374 3.2 | 4,000 | [2]
hi - li tea
4| owondo [ P™™ | recooling | % [ 34 [ 36 | "™ [ 183|178 StirlingHP R704 piston 2250 | 1.7 | 6,100 | [2]
ceutical heat generation
xhaust t twin-
5| Kobeleo | sewage |[sludgedrying] ot | o3 | 93 [ S 60| 160 MVR R718 WInSSCIEW, | 675 | 29 | noa | (2]
drying air generation roots blower
bioethanol S CCHP +
6 | Kobeleo | refinery | oonO [ PTOCESS 6o | 65 | distillation | 115 | 110 R245fa twin-screw | 1,850 | 3.5 | n.a | [2]
distillation cooling Flash Tank
7 MHI electronic | coil drying | waste heat | 50 | 55 drying 130 | 70 CCHP R134a centrifugal 627 3.0 n. a. [2]
th 1 xhaust st turb:
8| Ppiller plastics crma ST 6o [ 6o [ S 1131|126 MVR R718 urbe 10,000 | 4.4 | 8,000 | [2]
seperation vapour generation (8 blowers)
9 | AMT/AIT | minerals | brick drying| St | g0 | 84 | drying | 121] 96 | ccnp  |R-1336mzzz)| PR 296 5 | 4,000 | [2]
drying air (8 compr.)
piston
10| spitting | PP i drying | S L os | 133 | S | oor{na|  MWR R718  |@LT-2HT-| 11,200 | 42 | 7.500 | [2]
paper vapour generation R
cy linders)
exhaust steam ikiem
11 Spilling chemical chemical 105 | 152 . 211 | n. a. MVR R718 (4LT-, 2 HT-| 12,000 [ 5.3 | 7,500 | [2]
vapour generation R
cylinders)
Rotrex, . I t turby
| Cotrex sewage [sludgedryingl P | 100 [na | S [ 146|na| MVR R718 urbe 500 | 45 | na | [2]
Epcon steam generation (2 stages)
. process hot . 12, | 20, | process hot LT-C: R290, . 2.5,
13| SkaleUP d 1 115] 95 CCHP t 300 6,500 2
ae =y water | C9RE | g | 5T Gater HT-C:RG00 | PS°" 23 | ™ 2]
14| QPinch | chemical | S1M | eSSt g pus | oSt g ggs | Peattans )y o, | heatedriven | 2900 | 0.5 | 2,500 | [2]
production vapour generation former
H thy |- st heat trans-
15| CUAEAR e fnery Gy wasteheat | 95 [ 120 | 5" 1 g5 |na| TS 1iBrH,0 | heat-driven | 7,553 | 048 | n.a. | [2]
Taimeng benzene generation former
. CCHP +
Shanghai alcoholic . steam LT-C:R410a,
16 N beverage distillation air n.a. | 189 e 120 | 90 | Flash Tank + HT-C-R245fa screw 180 1.85 n. a. [2]
MVR
Hi lkyl- t heat trans-
17| PUAEAR ey &y wasteheat | 86 | 127 | | 150 na| ™ | LBrH,0 | heat-driven | 5,100 | 048 | n.a | [2]
Taimeng benzene generation former
Shandong
ethanol exhaust steam
18 i fi 76 . 116 | n. MVR R718 trifi b 7.68 | 7,000 2
Z}l;:mgqlu I 1 distillation vapour e generation fa Centifve e ’ 2]
ower
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Indicative COP values
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50

0

Target sink
temperatures
between 115 °C
and 240 °C

Source: [EA HPT Annex 58 (2023)
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Average Heating COP: 3.9
Average temperature lift: 65.1 K

@ CCHP
= MVR

o o

CCHP: Closed Compression Heat Pump
MVR: Mechanical Vapor Recompression

20 40 60 80

100 120 140

Mean Temperature lift [K]

ATsink

ATsource

ATean =

In Tsink,out 1 Tsource,in
Tsink,in Tsource,out
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n n a distillation | 78.3| 140 MVR
H Mayekawa drying 30| 120 CCHP
H AMT/ATT drying 76 [ 138 CCHP
H Olvondo Steam 56| 183| Stirling HP
generation
steam
H Kobelco . 93 | 160 MVR
generation
P < CCHP +
Kobelco distillation | 65 | 115
Flash Tank
ﬂ MHI drying | 55| 130| CCHP
) steam
H Piller . 60 | 131 MVR
generation
M AMT/AIT drying 84 | 121 CCHP
. steam
m Spilling . 133] 201 MVR
generation
S
m Spilling S sl 11| MVR
generation
Rofrex, St ool as| MR
Epcon generation
process hot| 20, .
SkaleUP _ | 115 CCHP
water 5
CCHP +
Shanghai steam
N . 18.9] 120| Flash Tank +
Nuotong generation
MVR
Shandong
Zh: i steam 76 | 116 MVR
ansqu generation |
Blower
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Selection of HTHP Technology
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Three main application types

* large temperature glide * hot water

T [°C)

(A) Single-stage, multi-

Condensation

l ----------------- g - stage, and cascade HP
Gas caoling ( cycle (using HC or HFO)
Anlmkg:m ATy (B) Transcritical single-
............. f |- stage cycle (using CO,)

(C) Hybrid absorption
compression HP (using
ammonia/water)

_____________________________

Evaporation

H [kW]

e.g. drying processes
* Single-stage or cascaded
transcritical cycle (CO,, HC or HFO)
 Stirling cycle
* Reversed Brayton cycle

Source: IEA HPT Annex 58 Task 1 and Task 2 reports and final webinar

* steam generation

(B) HP with flash tank

(A) Direct (once-through) steam
generation

(C) Direct (once-through) steam
generation with post-compression

(D) Compression with steam-generating
evaporator

electricity steam
compressor

High Temperature Heat Pumps | 07 November 2024 | Online webinar
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Preliminary Feasibility Checklist

?E =PrL

1 2 3 4 3 6
Start
e N Is the Are the
Ass;cstshnewent Is the heat Is there a Is the waste temperature t emlrs) etpaetur e operating End
suitability of derr;ﬁnd of MY waste heat WAy heat WYY of the waste WYY it once The use of a
a heat pump e stream with available at heat stream between process heat pump
for an process sufficient the same lower than waste heat high and is is possible
industrial already heat time of heat that of the and process the heat
optimized? capacity? demand? heated o(vn demand
\__Process process? <50°C* constant?
No No No No No No
Reduce heat Without a Simultaneity Check Alarge Low operating
demand of heat source, is required whether direct temperature lift hours or strong
the process a heat pump heat leads to a lower fluctuations in
before cannot be It may be exchange is HP efficiency heat demand
starting with used possible to possible (COP) lead to poor HP
energy use heat utilization
efficient storage Probably no The payback The payback
methods heat pump is period becomes period becomes
required longer longer

Feedback loop
High Temperature Heat Pumps | 07 November 2024 | Online webinar

Source: Arpagaus (2019): Book «Hochtemperatur Warmepumpen»
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Inputs for preliminary assessment -

0 Technical parameters Unit Heat source Heat sink
ms‘?’; Medium (water, steam, air, oil, waste, etc.)
Sin
Cp,sink Flow temperature °C/bar(g) T, T3
Sink Return temperature °C T, T,
T] Heat source/sink capacity (cooling/heating demand) kW Qsource Qsink
Mass flow kg/s Msource Mgink
Heat capacity kd/kg K Cp source Cp,sink
Operating hours (time availability) h/year
Economic parameters
S Electricity costs CHF/kWh
ource .
0 Costs of natural gas or oil CHF/kWh
iy uTee Heat price at sink temperature (e.g., gas price for burner) |CHF/kWh
source _
Cp,source Heat price at source temperature (mostly free waste heat) | CHF/kWh
o, ® . Application Specification = Examples or unit
Ad C |t IoONa I N p uts : Type of industry Diary / Pharma / Chemical
Type of application Drying / Humidification / UHT
Current source for applied heat Electric, gas, or oil burner
Heat pump location on site Existing space / New build
Distance to heat source/sink Meters
Electrical voltage level 400/600 V
Electrical power consumption kW (see specifications of HPs)
Internet access (fixed IP) Yes/No
Other information
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Economic evaluation — cost model —— = TG

Inputs Outputs
0, |Heating capacity kw Cinwup __|INnvestment costs of HP EUR
ATyre | Temperature lift K Meozreduction| ANNUAl CO, emissions reduction [tCO,/a
cmv,p | Specific investment costs of HP EUR/KW Esavings |Annual energy savings kWh/a
famwup |Cost factor for planning & HP integration |- Cruet Annual fuel cost savings EUR/a 7
t  |Annual operating time h/a Ce Annual electricity costs EUR/a P
fmaintai Maintenance factor (on capital costs) - Cmaintain__|Annual HP maintenance costs  |EUR/a 1 40 3.8
nruer |Efficiency of gas boiler - Ccoz Annual CO, tax compensation EUR/a 6 - 50 32
i Interest rate (discount rate) - Csavings __|Annual cost savings EUR/a &0 28
cruer  |Fuel price (gas, oil) EUR/KWh PP Payback period a :
ce._|Electricity price EUR/KWh ppp__ |Discounted payback period a , . —0.322 5 4 70 | 25
Cco cax | CO, tax EUR/CO, Cinv,up = 3 157 - Qy, W 80 | 23
feozet |CO, emissions factor electricity kgCO,/kWh l O 4 M 90 21
feoz,ruet|CO, emissions factor fuel kgCO,/kWh O S : 100 | 2.0
Cinv,HP = Ciny,HP " Qhn - finv,HP 3 - e
_ l | = -0.716 o
Cmainmin - Cinv,HP : fmaintain 29 szs‘z'g“Bg‘?ﬁ e .
C =g C C C —0.716 1 P
savings — bLcoz2 + fuel — Lel — Ymaintain COP =5294. AT!ift ' 20 30 40 5 60 70 80 90 100
f } ATy (K)
CEt = (Qh Ly CEI)/C OP Heating Specific
i 7 capacti investment costs
Cfuel = (Qh °t- Cfuel)/nfuei S
v v Ccoz = Mco2reduction * €co2 tax

PP = Cinv/csauings

fCOZ,fuet _ fCOZ,el
nfuel cop

Mco2,reduction = Qh ‘'t

i = DPP = —In (1= (Ciny * 1/Coavings) )/In(1 + 1)

Discounted payback period assuming all cash inflows are equal and discrete (Bhandari, 2009)

1 o
200 { " Residential y = 3'157x0:322
100 : heat pumps Rz = 041 29

0 : (excl. planning and integration)

Specific investment costs (EUR/KW)

0 500 1'000 1’500 2000 2'500

High Temperature Heat Pumps | 07 November 2024 | Online webinar Haatlnd A Aan (RN
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Possible Integration Levels

Different integration levels for heat pumps and their effects

s> Compressor

== * Process stream level: heat of an
exhaust stream (e.g.5 vapor frgmdan
: evaporation process) is upgrade
s and fed back as heating steam
mo;:l:l:iart:‘:ns (typlca”y W|th MVR)
Dependency * Unit (or process) level: heat of one
Hlabioe or several hot streams or waste heat
sources of a process unit supplies
the HP
Fiansig » Utility level (site level): Waste heat
i Is upgraded and distributed via the
Siminen 8 existing utility network
scale
Sector level

» Sector level (district, area level):
heat source(s) and sink(s) do not

End-u?_t?rgga :lE hT::;Cgt belong to industrial site

Source: IEA HPT Annex 58

High Temperature Heat Pumps | 07 November 2024 | Online webinar 15
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Composite Curves (hot and cold)

Example Process

Tin Tout m I AH
° Stream (heat transfer requirement) Type [°C] [°C] [kg/s] [kJ/(kg K)] [kw]
Example process Of PInCh WasteWaterCooling Hot (heat source) 45.0 25.0 5.50 4.20 462
ProcessWaterHeating Cold (heat sink) 30.0 55.0 2.00 4.20 210
AirCompressorCooling Hot (heat source) 80.0 40.0 1.50 4.20 252
TemperatureHoIdlng Cold(heat smk) T
Composite Curves Grand Composite Curve
90 . . \ ‘ 90 e
O 0 T
0 |orgse o Ml nEL——
R e [ S S R e s et S S S
) i | i ? O T
S50 oo A A =50 [
- : = : : L A
R L o — w0 b
30 Pl R
: : 1 Heat recovery : : : : : : : : ' : :
II‘W’ I ' ' ' ' ' |
20 . 20 old
0 400 800 1200 0 100 200 300 400 500
H [kW] AH [kw]

High Temperature Heat Pumps | 07 November 2024 | Online webinar 16
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Composite Curves (hot and cold)

Optimal integration of a vapor compression HP by interpreting the GCC

Grand Composite Curve

90

T | / Golden rules:
§ Condenser x §
o Vo - (1) Do not cool hot streams above the pinch
| temperature using cold utility
0T N (2) Do not heat cold streams below the pinch
S - . ffmee temperature with hot utility
" — (3) Avoid heat transfer across the pinch point
YT IR R from hot to cold streams
Evaporator L
20 : ; . :
0 100 200 300 400 500

AH [kW] High Temperature Heat Pumps | 07 November 2024 | Online webinar 17
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Applying Pinch Analysis =S O, et

Main steps of a Pinch analysis and typical effort and duration

Pre-analysis Data collection Pinch analysis Measures Implemen-
(60 — 70%) (10 — 20%) (10 — 20%) REUIe
IAppr. 1-2 mongs Detailed analysis, approx. 3 — 8 months N

Pinch expert effort: 20 — 70 days, company effort : 4 — 15 days

High Temperature Heat Pumps | 07 November 2024 | Online webinar 18
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Applying Pinch Analysis

Typical costs and SFOE subsidies for the two-phase approach

(conditions as of 1 September, 2024) Cash paid to In-house
suisseénergie Pinch expert services

/

Company

I Company | .

<

60% | 40% 20% Financing 60% 20%
PRSIV Costs of services Pinch expert: 80% 20%
< > < >
Total costs of study Total costs of study
CHF 10°000 to 25°000 CHF 20’000 to 80’000

detailed Go Detailed Pinch

analysis Analysis
relevant? y
¢ Specifications and subsidy conditions see Pinch website:
(FR) Analyse Pinch: économiser de I'énergie dans la production (suisseenergie.ch)
NO GO (DE) Sparen Sie in der Produktion dank der Pinch-Analyse Energie
19

High Temperature Heat Pumps | 07 November 2024 | Online webinar


https://www.suisseenergie.ch/conseil/pinch/
https://www.energieschweiz.ch/sich-beraten-lassen/pinch/
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Schweizerische Eidgenossenschaft
[} [} [} Confederazione Svizzera
nf iun svi
Confederoziunsvizra "N iy of Appied Sciences
Swiss Federal Offica of Energy SFOE

Workflow for targeting and optimizing an industrial site's heat
recovery and upgrading via HP(s), including several processes

Stage B:
Stage A: Inter-process

Heat integration potential of individual processes heat if:te%_ralﬁon
potentia

Represent Analyze the Re t
Check for y presen

CCs, heat any GCC and SAIpEIEL G RCCs and

t reCOtVeryd obviously check the analyze the

e 2 misplaced JEUVEES O

Inch % integrating a

segments for
later inter-
process heat

maximum
: : potential heat
temperature HP at process NSO recovery and

analysis

level HP integration
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Technical Aspects

Swiss Federal Offica of Energy SFOE

bwitzeriand INGENIOUS BY NATURE
University of Applied Sciences

CSDENGINEERSY HE"
LE =PrL

Supply temperature [°C]

200

180

160

140 -
120 ]
100 ]
80 -
60 '
40 -
20 -

Heat Pump Operation and Performance

QOlvondo HighLift (R704 Helium)

Spilling
. Steam
IComprassor
(R718)

60 80
Source temperature [°C]

100 120 140

-

Spilling Steam Compressor (R718)
PILLER VapoFan (R718 Water)
= QOlvondo HighLift (R704 Helium)
Kobelco SGH165 {R245fa + R718)
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Technical Aspects

* Infrastructure Requirements: location

for the installations, power supply,
distribution network and thermal
storage, automation system

 Safety Aspects: refrigerant, redundancy

strategy, relevant standards:

Chemical Risk Reduction Ordinance
(ORRChem)

Protection against major accidents (Major
Accidents Ordinance, MAO)

Ordinance on Air Pollution Control (OAPC)

Directives on potentially explosive
atmospheres (ATEX)

Pressure Equipment Directive (PED) or

Swiss National Accident Insurance Fund
(SUVA)

* Maintenance
* Technology Lock-in

Refrigerants used in current HTHPs

Source: IEA HPT Annex 58
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Frequently used natural refrigerants:

- CO, (R744)

« Steam (R718)

< Ammonia/Water (R717/R718)

« Hydrocarbons (R600, R600a, R601, R601a)

Frequently used HFOs:
« R-1233zd(E)

+ R-1234ze(E)
« R1336mzz(2)

- For every HFO HTHP, there is a NatRef alternative
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Financial Aspects

Funding programs for industrial heat pumps in Switzerland

Heat Pumps for Process

Klimapramie (Climate

Funding

Pinch Analyses Pilot and Demonstration

program Heat bonus)
Program EnergieSchweiz EnergieSchweiz EnergieZukunft Schweiz SFOE (Swiss Federal Office of
Manager (SuissEnergie) Energy)
Financing SFOE SFOE KliK Foundation SFOE
Amount e Pre-analyses:max. |e Max. 40% of additional |e 0.18 CHF/kWh heat e Upto40% (60%) of non-
60% of total costs costs compared to e About 360 CHF/KW heat amortizable supplementary
e Pinch analyses: conventional technology at 2’000 h annual costs
e Max. 40% of total (e.g., oil or gas boiler) operation
costs
Criteria e Using PinCH e Industrial process heat e Replacement of oil/gas e Application potential
Software e Payback >4 years boiler with heat pump ¢ Innovative content
e Trained experts e Funding request before |e  Order not yet placed e Pilot: TRL4to7
e Publication of construction starts e CO, savings to be e Demonstration: TRL7 to 9
findings (summary, |e Companies with a CO, transferred to Energie e Publication of findings (final
final report) tax exemption are Zukunft Schweiz report)
examined individually
Infos o Website, Flyer o \Website, Flyer o Website, Flyer o \Website

[ https://www.energieschweiz.ch/beratung/pinch/ (DE) and https://www.suisseenergie.ch/conseil/pinch/ (FR)

[2] https://pubdb.bfe.admin.ch/de/publication/download/8357 (DE) and https://pubdb.bfe.admin.ch/fr/publication/download/8357

3] https://www.energieschweiz.ch/prozesse-anlagentechnik/industrielle-waermepumpe/ (DE) and https://www.suisseenergie.ch/processus-technique-dinstallations/pompes-industrie/ (FR)

141 https://pubdb.bfe.admin.ch/de/publication/download/10753 (DE) and https://pubdb.bfe.admin.ch/fr/publication/download/10753 (FR)

51 https://www.klimapraemie.ch (DE) and https://www.primeclimat.ch (FR)

6] https://energiezukunftschweiz.ch/wAssets/docs/foerderprogramme/klimapraemie/klimapraemie-factsheet-grosse-anlagen_2022.pdf (DE) and https://energiezukunftschweiz.ch/wAssets/docs/foerderprogramme/klimapraemie/klimapraemie-factsheet-grosse-anlagen-fr.pdf

[7 https://energiezukunftschweiz.ch/wAssets/docs/foerderprogramme/klimapraemie/klimapraemie-detaillierte-foerderkriterien_wp_de.pdf (DE) and https://energiezukunftschweiz.ch/wAssets/docs/foerderprogramme/klimapraemie/klimapraemie-detaillierte-foerderkriterien_wp_fr.pdf

18] https://www.bfe.admin.ch/bfe/en/home/research-and-cleantech/pilot-and-demonstration-programme.html
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S-curve of the HTHP technology adoption

'

Favorable market conditions:
Support for Informationand Regulation

Market | jnnovation incentives * Support for innovation and
penetration
research

. * More information
dLE

adoption * Economic incentives

* Technology awareness

« Commitment to sustainability
and decarbonization

2021 Today 2030 Time * Involvement of various
Source: Zuhlsdorf (2024) stakeholders
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Socio-Economic Aspects
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Drivers for HTHP adoption

Short term drivers to initiate a HTHP project

Outcome of an internal analysis of
energy efficiency potential

-
Energy price increase (shock) _

I

]

I

L

Short-term need to replace an utility
Outcome of a pinch analysis

Target agreement definition

Successful realization in
othercompany

Long term drivers to initiate a HTHP project

o

5 10 15
Strategic orientation towards sustainability [|[|IINIGENENEGNGNGEGNGEGEGE

Expected cost-saving

Demand for products with a low carbon footprint

Anticipation of future policy requirements

Reputation

Awareness of available waste heat potentials

Robustness again price shocks

Current policy requirements

Expected process improvement

Source: Survey among participants from industry, manufacturers, research, and government institutions at the Workshop on HTHPs held in Ittigen, Switzerland, in March 2023
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Heating | Tempe-

capacity| rature

) " Established as qup-
Prototypes Demonstrators * Commercial | A I 7 -
o 5 ) 'y "y
<120°C  Luilable /' available h ollout  [alll - Preferred @y
4 technology
200 kW 120 °C N
Prototypes @ . Demonstrators . Commercial /l sta f's € das \-'
to 10 - . ilabl I = preferre
available  available # roll-out |H /" technol @
Mw 160 oc ; echnology
: " Established as qup"
Prototypes @ « Demonstrators * Commercial /'I \‘-"
o 3 " X -,
>160 °C available .\ ' available kﬂ rolout (@l - tp":‘fer:ed ®
./ technology
Technology tra.nsfer lzé"Demnnstratol‘S Established as \-’
<120 °C & commercial m " available preferred p
project sales technology @
>10 MW
Technology transfer . “ Estabilished as gan\
>120°C . & commercial m Demoqstrators h \ preferred 7 \
- project sales available / technology @

Source: IEA HPT Annex 58 Task 1 Report (2023): Development perspectives for HTHPs towards 2030
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Summary

* HTHPs provide in energy savings and decarbonization

* Key target audience for the integration guidelines are engineers,
managers, technicians, and planners

* There are different integration levels (process, unit, utility, sector)

* Use the feasibility checklist and preliminary assessment for
Integration

* Apply Pinch Analysis, which is relevant for integration
* Consider key principles and practical applications

* Consider costs, funding, and subsidies
e Have a future outlook and follow market trends
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Guidelines for HTHP Integration
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Overview of Demonstration Cases -

Overview of integration concepts and HP concepts

Process Temperature ranges [*C]
. Mean .
Unit Operation P'::“".":':" Medium A'[r:']‘“ Medium A}:]‘* clkisizlzlslelisEieRIB2REE |3§ SRRRE AT, '“‘I'_‘::‘::"" Heat Pump Concept | Heat Pump Application
[K]
1. Baking Baking Continuous Humid air 20 Air 40 100 Unit Transcritical cascaded Heating along Iarge
ovens 25 30 88 temperature glides
. Heating along large
Molded
2. fibe: d eers Drying Continuous Humid air = - e L Process el ln s temperature glides
i 50 Steam 15 =5 Single HP Steam generation
30 146 102 Cascaded HP
Humid air 55 195 70 Transcritical cascaded
Spray . . 27 . 146 101 Reversed Brayton cycle Heating along large
3 Drying Drying Continuous 28 A 195 87 Process Cascaded HP temperature glides
Water 28 195 87 Transcritical cascaded
28 146 111 Reversed Brayton cycle
o Continuous | Air (Water _ (% | Air (Water - ™ S Cascaded HP ';'::]':;? along large
4. Drying intermediate intermediate — Unit Heat
- - - . - " - t long |
Orying Continuous circuit) - () | circuit) - () - (%) Single HP tfzfmz_
Painting & ) ) L 6 ; 20 ] B 1156 . Heating along large
5. Drying Drying Non-continuous| Humid air 6 Liquid 20 30 Unit Cascaded HP temperature glides
Biosludge ; ) . .
6. X Drying Continuous Steam 20 Steam 46 13 Process Steam compression Steam generation
__|__drying
Plastic i
7. Drying Continuous Humid air 30 Air 30 20 Process | Transcritical single stage Healing along Iarge
granules temperature glides
” Heating along large
Batch . )
8. Sterilizcation r:::rr\:gzlon Batch Water = SIS il =i Utility e ok temperature glides
P 28 Steam 50 39 Flash tank + MVR Steam generation
Thermal 5 Steam 5 50 HP + flash tank
9. | Distillation separation Continuous Water 5 Steam 10 86 Utility Cascaded HP Steam generation
P 5 Steam 15 65 SGHP/Flash tank + MVR
Utility water heating 10 Water 13 34 Single HP Hot water production
Thermal treatment . o Steam 10 98 . Cascaded HP Steam generation
10.| Anodizing Utility water heating N-ConBONS Waer = Water 5 45 Unk Single HP Hot water production
Thermal treatment = Steam 10 98 Cascaded HP Steam generation
Oil and Gas Thermal Qil 20 } 20 35 Process | Transcritical single stage Heating along Iarge
1. Processin separation Continuous Qil temperature glides
g P Water-glycol 10 40 80 Supply Cascaded HP Hot water production
Extrusi
12. co::::;n Thermal treatment Continuous Humid air = Water 60 ‘ | 83 Process |Transcritical single stage Hot water production

(*: depending on the exact design and application)
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Steps before Pinch Analysis

Preliminary steps before definition of heat transfer requirements

Review
the
processes
with
production
/project
manager

Check
existing
heat
recovery
HEX(s)
(if any)

Focus on
the
processing

routes of
different
products

Get a clear
understanding
of the
processing
steps

Challenge
existing
operating
conditions

and the real

process

requirements

High Temperature Heat Pumps | 07 November 2024 | Online webinar

Define
typical
production

planning
schedule
(weekly)

Consider
heat transfer
requirements

of auxiliary
processes,
heat recovery
options, and
heat soures
and sinks
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Technical Aspects

HTHP Specifications

* Footprint and weight of the HTHP

* Minimum working duration after start-up, continuous operation capability and duration without
maintenance

* Managing high variations in demand and source or sink temperatures (to maintain efficiency and stability)
* Minimum part-load functioning (% of design capacity)
e Start-up and shutdown times and capacity ramping rates

. Noi.se.emi)ssions and vibration (with available mitigation measures to comply with maximum allowed noise
emissions

* Precision of the output temperature
* Refrigerant type

* Material requirements

* Integration in automation system

* Electrical requirements (maximum voltage, current and frequency; standstill power; electrical noise and
harmonic filter)

* Type of oil in the machine (for example, any requirement for food-grade oil to be specified)
* Environmental working conditions (humidity, ambient temperature)
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