S el
University

B [EAANNEX 58 14™ STATUS MEETING 25.4.2023

HTHP IN FINLAND

Technologies and R&D

Prof. Teemu Turunen-Saaresti
LUT University




oilon

|
INDUSTRIAL HEAT PUMPS

HTHP INDUSTRY IN FINLAND ChillHeat

»» Two heat pump manufacturers providing HTHP over 100C

CALEFA AMBIHEAT INDUSTRIAL WASTE HEAT REFERENCES NEWS ABOUT US Q

I’.evel® hlgh-temperature heal pump

revolutionized energy plﬂdi'éilﬂh’.‘i’”
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The heat pump-produces up to +130°C temperaturés mgOod eff|C|ency,
even from low-temperature sources.

Optimized heating and
cooling performance
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HTHP INDUSTRY IN FINLAND

»» Companies providing components also for HTHP
»» Vahterus for Plate and shell heat exchanger

»» Luwe group for air coolers, condensers

»» Several engineering companies, system integrator and consultants
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HTHP MARKET AND POTENTIAL
»» Finland aims to be carbon neutral in 2035 pes
»» Fosters the need for new technologies and transition 15001000
to use of renewable energy and high energy efficiency
» The policy makers have supported transition e B
for using electricity in district heating by e
decreasing electricity taxation for heat pumps, - 1111 EWHP
electric boilers, and geothermal heat wooog | xR REININLY
production.
»» Taxation rules have been changed on 1st of July 300000 1k 1 B
L1111
»» Availability of renewable energy is very good 0 dmrmrmmononn L LLLLLE "'“l I” S

1996 1999 2002 2005 2008 2011 2014 2017 2020

and electricity price is expected to be low

Finnish Heat Pump Association SULPU statistics 2022
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HTHP MARKETS AND PERSPECTIVES

Production of industrial heat in Finland

H H . 80,000 3%
»» The Finnish market for HTHP will be
- - . . - - - 60,000
mainly in district heating and in different
40,000
industrial sectors
20,000
- - - 10,000
»» Pulp and paper industry is the main user — e
. . S £ 2 5 ¢ 8 8 &8 &g 8 2 2 35 2 £ 2 2 2 2 2 8B =2
of industrial heat
= Other renewables RENEWABLE FUELS TOTAL === Other energy Sources —':‘IjL PRODUCTION OF INDUSTRIAL
oo ribovaragen 3] et 8% Production of district heat in Finland
o i
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\ | 30,000
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Year
== Other renewables RENEWABLE FUELS TOTAL === Other energy sources :'fé;'-Lcﬁ::.;':'.-Fl:sTRcT
https://www.motiva.fi/fen/solutions/energy_use_i Statistics Finland’s statistical databases, Production of electricity and heat, 2023,

n_finland/final_consumption_of_energy/industry https://pxdata.stat.fi/PxWeb/pxweb/en/StatFin/StatFin__salatuo/ [Accessed 14.4.2023]



https://pxdata.stat.fi/PxWeb/pxweb/en/StatFin/StatFin__salatuo/
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DEVELOPMENT PERSPECTIVES

»» To achieve higher temperatures with heat pumps, it is anticipated that there are three main
development fields

»» working fluids, compressors and heat exchangers/heat collection.
»» Based on the new legislation and regulations in European Union (F-Gas regulations and PFAS

regulations) the use of natural working fluids, such as CO2, ammonia and different
hydrocarbons, seems to be favored in heat pump systems in the future

»» Currently, there is a clear need for compressors that are capable for high temperature lifts and
high pressure ratios.

»» The compressor technologies need to be further developed and more compressor suppliers are needed in the
market.

» In Finland, there are research and development projects going on for developing oil-free, hermetic
turbocompressors for high temperature heat pumps.



DEVELOPMENT OF NEXT GENERATION
LARGE SCALE HEAT PUMP SYSTEMS (NEXTHEPS)
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Project general information

» Research project on large-scale (few MW ) Univel'Sity bﬂjﬁ@@f’{.

heating power) high temperature heat pumps |
» Project duration 9/2022-8/2024 - I
»» Funded by Business Finland a? Suomen Tﬂkﬂ]ﬂﬂ neve

»» Project partners:

+ LUT University N\

- Yaskawa Environmental Energy / The Switch THE SWITCH Suur-Savon Sahko

AAAAAAAAAAAAAA

- Vahterus M

* Fincoil LU-VE

« Suomen tekojaa

. Nevel VAHTERUS S U_l p U
« Suur-Savon Sahko —

* Finnish heat pump association. BUSINESS

FINLAND
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Project goals

»» To investigate and develop design methods and new
technological solutions that can be adopted in large-
scale, high-temperature heat pump systems
(condenser temperature from 90 to 150 °C)

»» The project can be generally divided to four main
research topics

1. Heat collectors and heat delivery

2. High-speed compressor technology

3. Integration of large-scale heat pumps to energy
systems

4. market environment and business opportunities
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WP1 - Design of heat collector and heat delivery
processes

»» Task 1.1 Low global warming potential (GWP)
refrigerant research and development

 Investigation of low GWP fluid’s properties

»» Task 1.2 Industrial heat integration and design of
evaporator/condenser heat exchangers

« Development of heat exchanger models

« Design of evaporator and condenser for heat pump
system with several low GWP fluids

» Task 1.3 Air source collectors and collector field
design

* Development of heat exchanger network models

« Design of air source heat collector system for heat
pump
« Investigation of operation principles of the network
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WP2: High-speed turbo compressor and electrical motor
development to create a hermetic high-power
component for future heat-pump systems

»»Task 2.1 Compressor aerodynamic design
»»Task 2.2 Motor design

»»Task 2.3 Rotor dynamics of AMB-supported
Integrated heat pump compressor

»»Task 2.4 Coupled design of the whole heat pump
system

»» Combined design method including compressor
aerodynamic design, electric motor, active
magnetic bearings and rotordynamics will be
generated

11
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Heat (MW)

WP3 Energy system integration

» Task 3.1 Plant-level design and
optimization of a heat pump system

»» Task 3.2 Heat pumps as part of community
energy systems
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WP4 Market environment and business
opportunities for heat pump technologies

1. Digital service architectures for energy sector
2. Energy & Digital business ecosystems
3. Energy & Heat pump supply chains

4. Commercialization opportunities
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Contact info and project web page

»» Web page
https://www.lut.fi/en/projects/development-next-generation-large-scale-heat-pump-systems-
nextheps

»» Project leader: Professor Tero Tynjala, +358408309092, tero.tynjala@|ut.fi
»» Professor Teemu Turunen-Saaresti,+358505395733, teemu.Turunen-saaresti@|ut.fi
»» Project manager: Dr. Antti Uusitalo, +358405837741, antti.uusitalo@|ut.fi



https://www.lut.fi/en/projects/development-next-generation-large-scale-heat-pump-systems-nextheps
https://www.lut.fi/en/projects/development-next-generation-large-scale-heat-pump-systems-nextheps
mailto:tero.tynjala@lut.fi
mailto:teemu.Turunen-saaresti@lut.fi
mailto:antti.uusitalo@lut.fi
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EMBER

Efficient, magnetic and bearlingless heat pump for industrial
and residential heating



= High Temperature Heat Pump

Ember — Heat Pump
technology

= High-speed oil-free compressor
= High efficiency at high temperatures

= Bearingless technology
= Shorter rotor, smaller footprint

= Less components, potentially lower cost and
higher reliability




= High Temperature Heat Pump

Key benefits of Ember - Heat Pump

= Higher efficiency will lead into cost
savings.

o Upgraded heat to a district
= Easy to use containing automated Condenser heating network
monitoring and maintenance.
= Green and sustainable, no harmful HP pressure 'X
pollutants. High pressure

reduction valve

Compressor

= Hybrid use opportunities from various
heat Flash
intercooler

Motor

Low pressure

Low and easy maintenance costs, long
LP pressure

service life and high product reliability are  cduction valve -Z FOMPIERSOT
the key buying customer objectives for the
product (Turo Valkama, Imatran Ldmpé Oy).
Evaporator

Low grade waste heat
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A. Heat Pump Process

Step A.1. Definition of the paraieters for heat pump design
- Cooling power / heating power

= E-;vap‘om(mn temperature an‘(il superheat in evaporator

i p an n

Tocess comp var
- Refigerant/working fluid

valves)

GotoA.l

-consider different
working fluid

GY to B.1 and B.2
~change of compressor
wpoli)p 3
-impellers type, materials

v
@‘? C.10. Thermal analysis 1
n

thermal stress anal

v
f> Step A.2. Slection of working fluid Cooling alternatives
[ ~Propeities of the working fliiid.
- tures, pressures, cte.
Stej 2.1 Evaluation of processs simulation
- mass flow rates, hea
pressure drops, heat losses
i
[ »f B ot
M‘flf-’{- . - temperature and pressure.
Sower. speed | - mass flow rat,
» 5D - required pressure rise
A
- - - - - INPUT for C INPUT for B
. . . .
44 Interd|SC|pI|nary deS|g|| pProcess C: Motor & drivetrain design B. Compressor design
it IO I Dot S e o iR L
(--))n:c\l. molob e DS oo capisity ]4—\ B.1.1 Output of process simulation
1 1 = requirement f‘Qr com| ﬂ\m dc;xgn
> o - pressure ratios, mass flow rate
- f {,oncmaﬁ‘&-‘ﬁ?m"z" TR vertical Fl F 3
L ro C e S S e S I n 1 = ol type 1 Step B.1, Definition of the compressor topology
' ' ~Type of compressor
- Design of compressor stages
- - ! ' - Maximum rotational spee: 2 5 =
* AT, Power, Working fluid etc ‘ e ——
0 T
] 2 Y
1 1 g " - Siispension performance | =N ,f I Sigp B2, 1D Compressor design
1 > force error angle | Change | - Main dimensions, operating cond: and performance
- 1 t> force ripple. i air gap !
« Compressor design | — (f
1 ] > “hange: A|! e -
= 1 T@ i;g‘;qp:éf e | b materials || |1 m]:;go';‘ul speed | | - Thermal condi ion (materials)
i 1 I = I-i e ‘r’ippl_e i Step C.5. Output of’momr design topoloy]| |4 pmpeller size = T 2
: e, rotational speed, dimensions S| | B momen,) L :
) ] ) S | - Maximum rotational speed ' Step B.4. 2D & 3D Geometry design
«n = - To achieve sufficient diffusion (pressure rise)
erformance etc ] el
. B No !
Z ! = 2
. . . E f Y 1 [Swp B.5a. 3D CFD: Slcp I%.Sb. 3D FEM:
*  Motor and drivetrain design g (SEpCE o dsan) ([ [ i et Wil i an e
g ! tep C.7. Initial rotor dynamic analysis 3 : ‘—
1 e e ~
H H % 1 (Step C.12. Sensors, electronics ] S2g \f =
° Imensions, performance, rotor . —Conmraermmme !
y y o ! Cooling alternatives
T Al Step C.8. Thermal loads/losses 1 :
= —»Motor efficiency! i N
Nnamics, control etc 2 | L Prosys dop
) . @z 1 = Friction losses tep C.9. Copling ) 1 of the
Z i Gas flow losses! Wﬁ‘\-’ 5 1 arf(;?}"r\“ g
z e T ; ' Ly
aiy 1 No| (GotoB.1
f Yes £ y and A.1
1 1
1 U
1 ]
\ L

|

3
Step C.11. Detailed rotor dynamics study ) —

GotoC.2

Mmgr structure and type
-modify motor

-change motor type

cop
Yes

Step D.1a Mechanical and electrica
Step D.1b Mechanical and electrical efficiency
Step D.1¢ h: and electrical power

Change

notor materials
ompressor wheels
- working fluid

D. Kepsu, E. Kurvinen, J. Tiainen, J. Honkatukia, T. Turunen-Saaresti and R. P. Jastrzebski, "Interdisciplinary Design of a High-Speed
Drivetrain for a Kinetic Compressor in a High-Temperature Heat Pump," in IEEE Access, vol. 9, pp. 143877-143900, 2021, doi:
10.1109/ACCESS.2021.3121141. https://ieeexplore.ieee.org/document/9578996



https://ieeexplore.ieee.org/document/9578996
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COMPRESSORS N

» Mass flow rate 2.09 kg/s
»» Pressure ratio 3.21
»» Rotational speed 26400 rpm

» Impeller diameter 157.0 mm and blade height at impeller outlet 4.3
mm

»» Mass flow rate 2.74 kg/s
»» Pressure ratio 1.87
»» Rotational speed 26400 rpm

» Impeller diameter 112.6 mm and blade height at impeller
outlet 4.6 mm




COMPRESSORS
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» Internal losses of electric motor are 5 coP
transfered to working fluid and cooling liquid s
. . . . 110
»» Cooling of the electric motor is studied -
Working fluid cooling system is designed = 106
» Internal leakages are studied o 100 145
=
Labyrinth seals are designed g 95
. . B 14.0
»» Performance of the heat pump is studied £ 90
»» Compressor performance analysis is done 2 —_—
g il 3.5
)]
2 80¢
Mach Number Static Entropy [ kg1 KA1) 8 30
NS—— S —— o]
70 25
A L 65 L L 1 1 |
__/4 10 20 30 40 50 60
\ 7 / J
=

Evaporating temperature [°C]
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TESTING

»» Designed compressor unit is manufactured

»» Simple loop for testing the compressor is
designed

»» Testing is going



SUPERCRITICAL CO, RESEARCH
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LUTSCO2 EXPERIMENTAL FACILITY y

I
g /)‘ = 1
E onso | Water-cooled gas cooler . .
o i B , Supersonic test section
s ™ Az DN40 ‘ . 60 0.8
ons »» Expansions from supercritical conditions €
. anengs LR onzs with non-equilibrium condensation 2 40 0.6
" éf, I z
i Jq Evaporgtor | g » Further availability of validation test 3 0.4
2 L (fT f“”\D s (T cases for numerical modeling of non- 520
Es : equilibrium condensation in highly non- 0.2
& : ideal thermodynamic regions 0 \
9

1 1.2 1.4 1.6 1.8 2

100 = 07 Entropy [kJ/kgK]
—— Without test section
8o ==~ With test section 06
Widom line
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2 03 —
£ Pressure [bar]
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thickness 3.91 mm

»» Heat transfer across the Widom line 7 T — —

»» Development of new heat transfer
correlations for supercritical bu

| & INTERNAL SURFACES
WITHOUT SCRATCH
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CO, HEAT TRANSFER MODELING — DESOLINATION

e. DESOLINATION

Development of numerical models for the study of
carbon dioxide heat transfer in the supercritical and
two-phase region

Wall Heat Flux

18.77 »» Validation of test cases by means of real gas CFD
17.32 H H H
1587 1 / simulations
14.42 1
12.98 |
11.53 |
10.08
8.63
7.18
5.73 |
4.29
2.84 i
1.39 '
0.06 Temfse_?ﬁlure \/| Vapﬂ)sclume fraction
[KW mA-2] ! 43.90 yr 4 H 08
v 42.24 y & 077
= - 40.58 Er
C l $ 38.92 0.54
z  37.26 0.46
35.60 1 038
.o . 33.94 [0.23
Supercritical CO2 with external heat source 32.28 oo
uniformly distributed o oo —=
27.30 . 2 w B m,
25.64 IR R R
23.97 il /| I Tm
(c] .

» Planned: performing the testing of heat exchangers N _ Evaporating CO2 with external heat source —
at lab scale in the LUTSCO2 test setup PCHE - Supercritical CO2 (hot side) and Inhomogeneous Eulerian model with non-

water (cold side) equilibrium boiling model






	Oletusosa
	Slide 1: HTHP in FInland
	Slide 2: HTHP industry in FinlaNd
	Slide 3: HTHP industry in Finland
	Slide 4: HTHP market and potential
	Slide 5: HTHP markets and Perspectives 
	Slide 6: Development perspectives
	Slide 7: Development of Next Generation  Large Scale Heat Pump Systems (NexthePS)
	Slide 8: Project general information
	Slide 9: Project goals
	Slide 10: WP1 - Design of heat collector and heat delivery processes
	Slide 11
	Slide 12: WP3 Energy system integration
	Slide 13: WP4 Market environment and business opportunities for heat pump technologies
	Slide 14: Contact info and project web page
	Slide 15: EMBER
	Slide 16: Ember – Heat Pump technology
	Slide 17
	Slide 18: EMBER
	Slide 19: Compressors
	Slide 20: Compressors
	Slide 21: Desing of turbocompressor
	Slide 22: TESTING
	Slide 23: Supercritical CO2 REsearch
	Slide 24: LUTsCO2 experimental facility
	Slide 25: Co2 Heat transfer modeling – DESOLINATION
	Slide 26


