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TURBODEN LARGE HEAT PUMPS

Highly e ffic ie n t
Electrically  d riven b ased  on turb o comp ressor te chnology

Large  Heat  Pump s  (LHP) are  ut ility- scale  heat ing p lants  that  allow to t rans fe r large  
q uant it ie s  of heat  from a cold e r source  to a highe r temp e rature  heat  use r, like  a 
d is t ric t  heat ing ne twork or an ind us t rial p roce ss . 

La rge - s c a le  
Outp ut  from 5  MWth to 70  MWth p e r s ingle  unit

High  lift  
Up  to more  than 10 0 °C, p oss ib le  thanks  to cus tom d es ign

High  t e m p e ra t ure  
Steam outp ut  up  to 20 0 °C

Environm e nt - frie nd ly
Natural Re frige rants  - Exp e rience  with 10 + d iffe rent  working fluid s

He a vy Dut y
Des igned  and  Enginee red  with Power Ind us t ry s tand ard s  and  b e s t  p rac t ise s



DISCLAIMER NOTE: This scheme is valid for subcritical heat pump cycles operated at pressures above atmospheric.

WORKING FLUIDS AND APPLICATION RANGE



TURBODEN REFERENCES LARGE HEAT PUMPS

St e e l Mill

UNDER CONSTRUCTION ONGOING FOCUSIN OPERATION

Pulp &Pa p e r FEED /  St ud ie s  / R&D



COMPRESSOR OVERVIEW FOR TD LHP
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FRAME TURBODEN EXISTING

TURBODEN IGCC  – UNDER DEVELOPMENT*
STD IGCC DGS

MCO COMPRESSORS

SINERGICCOMPRESSOR
OPTIONS TO ADDRESSHEAT
PUMP MARKET:

• MCO technology jointly selected
for large compressors

• Turboden technology developed in 
house leveraging turbine 
experience with external
collaborations / hiring

 Universities collaboration for 
centrifugal stages design / 
CFD

 aeromechanics
 Wet gas compression

 Low cost country third party 
design companies for 
package design / drafting

27/10/2023 Turboden Confidential



Pro d u c t  Ra n g e
Compressors for closed loop refrigeration fluids 

• Type:   multistage integral gear 
• Power range :  300 kW to 15 MW
• Max number of stages:  5
• Electric Motor   2 or 4 poles
• Pinion speed range   8000 – 32000 rpm
• Impeller Diameter :  150  -   1000 mm
• Impeller type :   3D closed (by brazing / full milled )
• Lubrication system:  pressurized with process fluid
• Sealing system:  double mechanical seal

Refrigerant compressor design

Compressors for water steam or water steam + 
incondensable gases
• Typ e :   mult is tage  inte gral ge ar 
• Powe r range  :  10 0  kW to 15  MW
• Max numb e r of s tage s :  8
• Ele c t ric  Motor:  2 or 4  p ole s
• Control:   IGV + sp e e d  variat ion
• Pinion sp e e d  range :  50 0 0  –  550 0 0  rp m
• Imp e lle r Diame te r :  150   -   150 0  mm
• Imp e lle r typ e  :  3D op e n 
• Lub ric at ion sys te m:  a tmosp he ric
• Se aling sys te m:  a ir b uffe re d  d oub le  c arb on se al

MVR 
27/10/2023 Turboden Confidential
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Sm a ll fra m e  c o m p re s s o r
ORI MARTIN PROJECT

TECHNICALSOLUTIONS
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TECHNICALSOLUTIONS
Co m p re s s o r p e rfo rm a n c e s

Compressors are selected using a thermodinamic
package with most suitable EOS and leveraging from a 
pre- designed impeller family verified by CFD

•Impellers for high MW gases
•Impellers for high head (H2O , light gases)

Turboden Confidential

Impeller family



SYSTEM INTEGRATION
DYNAMIC ANALYSIS SIMULATION
Turboden ap p lie s s tate  of art  d e s ign tools  to asse ss sys tem integrat ion (Dynamic mod e ling and  s imulat ion , 

Hazop s , Re liab ility asse sment  e tc ..) in ord e r to: 

 Ob tain flowless startup and  commissioning activities 

 Sup p ort  customer operation and  p lant  throughput maximization 

 Sup p ort  life cycle assessment via digital twin techniques  

Figures refers to dynamic simulation carried out during a FEED regarding LHP integration in refinery process



INTEGRATION WITH ORC/ ENERGY STORAGE

Turboden is working to d eve lop afford ab le ene rgy s torage  solut ion

leve raging p rop e rtary turb omachine ry d es ign (Comp ressor and  

Turb ine s ) which inc lud es a comb inat ion of the  following te chnologie s : 

 Thermochemical storage solut ion

 Phase  change  mate rials  Carnot battery

 Integra tion  of third  p arty storage system  within Turb od en Large 

Heat Pumps



THANK YOU!
THE FUTURE IS ELECTRIFIED, GET READY!

Via Cernaia 10 I 25124 Brescia I Italy

+39 0 30 35520 0 1

www.turb od en.com

d avid e .rizzi@turbod en.it
gab rie le .mariot t i@turboden.it



BACKUP



WORKING FLUID: NATURAL REFRIGERANTS

• Turboden pioneering company in HC implementation for 
power plants 

• More than 45 units installed with HC working fluid
• Worldwide experience in over 20 countries*
• Installed capacity 355+ MWe, 12 MWth

Com p a ny Exp e rie nc e

*Canada, Croatia, Egypt, El Salvador, France, Germany, Greece, Italy, Japan, Netherlands, Philippines, Portugal, 
Romania, Serbia, Slovakia, Taiwan, Turkey, UAE, UK, US

• Fluid selection according to process requirement
• Butanes (R600 – R600a)
• Pentanes (R601- R601a)
• Cyclopentane (C5H10 )

Working fluids

Hydrocarbon as Winning choiche
• Natural refrigerants with low ODP and GWP ¹
• Cost effectiveness (~10 – 15 times lower than equal HFOs)
• HFOs within possible PFAS ban ² 
• High temperature suitability
• Flammability handled as usual best practice in industrial plants ³ 

² Council of the EU and the European Council, https://www.consilium.europa.eu/en/press/press-
releases/2023/10/05/fluorinated-gases-and-ozone-depleting-substances-council-and-parliament-
reach-agreement/ 

³ HEX construction according to ASME and international standard
  ATEX requirements: IEAC 600079-10 as ZONE 2
  Ventilation according to EN378
  Turboden experience with 40+ reference plants in operations adopting hydrocarbons



REFERENCE PROJ ECT: STEEL MILL PRODUCTION

St e a m  p rod uc t ion  s ys t e m  is  fluc t ua t ing 
d e p e nd ing on  s t e e l p rod uc t ion  p roc e s s

Heat from the cooling of the steelmaking process can be upgraded through a LHP and used for district heating instead of being  was ted , i.e . 
d is s ipated  through cooling towers .

• Ind us t rial ap p lic at ion: Stee l Mill p lant
• Count ry: Italy
• Status : in op e rat ion s ince  20 23
• Size : 6  MWth
• Outp ut  Temp erature : 120 °C

PROJ ECT FEATURES

• Turb od en scop e : EP
• Delive ry: p re ssurized  wate r 120 °C to Dis t ric t  Heat ing
• Cent rifugal comp ressor from Turb od en
• LHP working fluid : R1233zd
• Fully automated  op e rat ion

TECHNICAL FEATURES



REFERENCE PROJ ECT: PAPER MILL INDUSTRY

• Industrial application: Paper Mill 
• Country: Northern Europe
• Status: under erection – start up 2024
• Size: 12 MWth
• Output temperature:  170 °C

PROJ ECT FEATURES

• Turb od en scop e : EPC (LHP + MVR)
• Delive ry: Steam @2.4 b ar.g (sup e rheated  at  170  °C)
• Cent rifugal comp ressor from MCO 
• LHP working fluid : Natural re frige rant  Isob utane

TECHNICAL FEATURES

STRICTLY 
CONFIDENTIAL



REFERENCE PROJ ECT: PAPER MILL INDUSTRY
STRICTLY 

CONFIDENTIAL



REFERENCE PROJ ECT: STEEL MILL PRODUCTION



REFERENCE PROJ ECT: STEEL MILL PRODUCTION



REFERENCE CASE: STEEL MILL PRODUCTION



Heat output: 20 MWth
Elec t ric  inp ut : 6 .2 MWe
COP: 3.25
Natural gas  saving: 18 .9  MSmc/yr
CO2 saving: 36 .9 0 0  tonCO2/yr
Op e rat ing hours : 8 .30 0  hrs_ eq /yr
Exp ec ted  PBT: 3.5  years

PROJ ECT FEASIBILITY

CASE STUDY: FEED in  REFINERY PLANT

• Avoid ed  consump t ion of foss il fue l for heat  gene rat ion, s ignific ant  
c arb on footp rint  red uc t ion

• Avoid ed  was te  heat , cooling sys tem’ consump t ions  from exis t ing 
sys tems

PROJ ECT BENEFITS

PROCESS SCHEME Large  heat  p ump  can b e  ap p lied  in the  re fine ry sec tor to p rovid e  wid e ly 
used  s te am via heat  re cove ry from availab le  was te  heat  source s . The re  are  
many p otent ial ap p lic at ions  for heat  p ump  technology; he re  only one  of 
them is  p re sented .

OUTLINE OF CASE STUDY
WASTE HEAT

COOLING
TOWERS

POWER

STEAM 148°C
@ 3.5 bar(g)

100 °C

80 °C

PRODUCTION 
PROCESS

95 °C

130°C

BOILER

Exis t ing b oile r 
may b e  ke p t as

b ac k- up .

Exis t ing he at  d is s ip at ion
may b e  ke p t as b ac k- up .

LARGE HEAT PUMP

POWER

COP ~ 3.25

Retrofitting



Heat output: 46 MWth

Ele c t ric  inp ut :  15  MWe

COP:  4 .1
Highe r CO2 se q ue s t rat ion c ap ac ity (+10 /+16 %) 

Re d uc e d  c ooling wate r c onsump t ion (- 40 / - 6 0  %)

PROJ ECT FEASIBILITY

CASE STUDY: FEED fo r  Po s t - Co m b u s t io n  CO2 c a p tu re

PROJ ECT BENEFITS

PROCESS SCHEME

Large  he at  p ump  c an b e  ap p lie d  in Carb on Cap ture  p lant  in ord e r to p rovid e  b oth c ooling 

c ap ac ity and  the  the rmal p owe r ne e d e d  from the  p roc e ss . The re  are  se ve ral c ooling wate r 

s t re am that  c an b e  use d  as  he at  sourc e  for the  he at  p ump . The  he at  p ump  c an b e  ap p lie d  to 

p rod uc e  s te am for the  p roc e ss  or to d ire c t ly he at  the  c he mic al solve nt  for CCS. 

OUTLINE OF CASE STUDY

• Major voic e s  of OPEX:  He at ing e ne rgy for re ge ne rator & Cooling e ne rgy for p roc e ss

• He at  p ump  sys te m:  OPEX imp rove  b y ut ilizing was te  he at  e ne rgy for re ge ne rator

• Avoid  ad d it ional CO2 e miss ions  (gas  s te am b oile r) and  wate r c onsump t ion (c ooling c irc uit )

REBOILER

CO2

EXHAUST FROM 
STACK

REGENERATOR

FLUE GAS

ABSORBER

LARGE HEAT PUMP

ELECTRIC 
POWER

HEAT LOSS & 
CO2 EMISSIONS

FOSSIL 
FUEL 

BOILER

COOLING
WATER

COOLING 
WATER


