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Presentation overview

1. Geosyn Project background and demonstration site
2. System and compressor design requirements
3. Optimization of compressor parameters
4. HTHP layout and performance evaluation
5. Final design and dynamic operation
6. Conclusion and outlook
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• While geothermal heat has been exploited for 
thousands of years, it is still considered an emerging 
technology1 
— low visibility 
— limited industrial exploitation in some countries

• Historically, the focus has been high-temperature 
resources for production of electricity

• Less attention to medium-temperature resources – 
available in almost 20% European area – on the 
potential for producing high-temperature heat and 
cold

Extracted temperatures at 2000 meter depth from the Atlas of Geothermal
Resources in Europe (Chamorro et al., 2014)

1Ejderyan et al. (2019)

Geothermal resources in Europe
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GEOSYN aims to develop a geothermal steam heat pump combined with 
heat-driven cooling systems (steam ejectors) for industrial applications
• HTHP demonstrator achieving temperature lift of 80 Kelvin (120-

200°C)
• Steam (R-718) chosen as working fluid

— Natural, GWP and ODP = 0, non-flammable, non-toxic, cheap and available
anywhere, high critical temperature

• Multistage compression with a reciprocating compressor
— Less explored for oil-free operation with R-718 than turbo1,2, twin-screw3 and 

MVR fans4 

Concept development, 
thermodynamic analysis
and dimensioning

Detail engineering, 
construction and 

labtesting

Full-scale testing and 
analysis

2025 2026 2027

1
Dowdel et al. (2024), 

2
Kriese et al. (2023), 

3
Chamoun et al. (2014), 

4
Bantle and Nilsen (2024)

Geosyn project
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• Demonstration site: San Martino Dairy 
factory in Italy
— Steam available at 3-4 bara, 130-140°C from a 

nearby geothermal plant

• HTHP operating conditions at design point:
— Evaporator: 2 bara, 120°C
— Condenser: 15.5 bara, 200°C

• Maximum pilot thermal Capacity: 50 kWth

Demonstration site
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• Novel prototype manufactured by Officine Mario Dorin
• Open-type with 8 cylinders
• Designed for oil-free operation

— Seals on the linear connecting rod preventing leakage of
steam from cylinders into oil filled crank case

— Self lubricating material used for pistion rings and inner
cylinder surface coating to reduce wear and extend lifetime

• Material limitations
— Coating sensitive to water droplets
— Sealing sensitive to temperatures

Compressor parameters Value
Number of cylinders, 𝑵𝑵𝒄𝒄,𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 (1 – 2 – 3 – 4 ) 4 – 2 – 1 – 1
Speed range, 𝑹𝑹𝑹𝑹𝑹𝑹𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 500–1450 [rev/min]
Speed at design point 1200 [rev/min]
Estimated isentropic efficiency, 𝜼𝜼is at design point 0.75 
Cylinder stroke length, 𝑳𝑳𝒔𝒔 65 mm
Maximum cylinder bore diameter, 𝑫𝑫𝒃𝒃,𝒎𝒎𝒎𝒎𝒎𝒎 90 mm

S-1 suction

S-1 suction

S-1 disch.

S-1 disch.

S-2 suction

S-2 disch.

S-3 suction

S-3 disch.

S-4 disch.

S-4 suction

Implementation and development of a 
reciprocating compressor
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Key requirements

Heat Pump targets
• Evaporator 2 bara, 120°C
• Condenser: 15.5 bara, 200°C
• 80 Kelvin cycle temperature lift

Compressor
• Sealing material  Maximum discharge 

temperature: 250-270°C

• Sylinder Coating - No liquid presence in 
compressor  Minimum steam superheat at 
suction: 20 Kelvin HTHP with 4 

compression stages 
required!
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System requirements
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Specification of cylinder geometry
• Stage bore diameters and cylinder volume must be decided

— Affects pressure ratio and temperature lift of each compression 
stage

• 4 compression stages lead to many possible configurations
• Procedure for optimization of bore diameter for maximum COP 

while maintaining thermodynamic constraints
— Maximum stage discharge temperature (250  270°C)
— Maximum condenser duty (50 kW)
— Maximum bore diameter (90 mm)

𝐷𝐷𝑏𝑏 =
240 � 𝑉̇𝑉𝑖𝑖𝑖𝑖

𝜋𝜋 � 𝐿𝐿𝑠𝑠 � 𝑅𝑅𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � 𝑁𝑁𝑐𝑐,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � 𝜂𝜂𝑣𝑣𝑣𝑣𝑣𝑣

Optimization of stage cylinder bore 
diameter and pressure ratio
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Optimization procedure
Guess cylinder bore diameter for stage 1 

Guess pressure ratio stage 1-3
Constraints
• Max cylinder bore diameter (90 mm)
• Max Tdisch. 270°C
• Max condenser duty (50 kW)

(Stage 4 pressure ratio calculated from Pevap, Pcond)
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Optimization procedure
Guess cylinder bore diameter for stage 1 

Guess pressure ratio stage 1-3

Reduce Stage 1 cylinder bore 
diameter

All calculated cylinder bore 
diameters (stage 2-4) ≤ 90 mm?

No

Constraints
• Max cylinder bore diameter (90 mm)
• Max Tdisch. 270°C
• Max condenser duty (50 kW)

(Stage 4 pressure ratio calculated from Pevap, Pcond)
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Optimization procedure
Guess cylinder bore diameter for stage 1 

Guess pressure ratio stage 1-3

Reduce Stage 1 cylinder bore 
diameter

Yes

All calculated cylinder bore 
diameters (stage 2-4) ≤ 90 mm?

Run GRG Nonlinear solver

Select maximum stage discharge temperature constraint value

No

Constraints
 Max cylinder bore diameter (90 mm)
• Max Tdisch. 270°C
• Max condenser duty (50 kW)
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Optimization procedure
Guess cylinder bore diameter for stage 1 

Guess pressure ratio stage 1-3

Reduce Stage 1 cylinder bore 
diameter

Yes

All calculated cylinder bore 
diameters (stage 2-4) ≤ 90 mm?

Run GRG Nonlinear solver

Select maximum stage discharge temperature constraint value

No

Solver solution found for 
selected constraint?

No

Increase maximum stage discharge 
temperature constraint value by 1 Kelvin

Constraints
 Max cylinder bore diameter (90 mm)
• Max Tdisch. 250 - 270°C?
• Max condenser duty (50 kW)
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Guess cylinder bore diameter for stage 1 
Guess pressure ratio stage 1-3

Reduce Stage 1 cylinder bore 
diameter

No, Lower

Yes

All calculated cylinder bore 
diameters (stage 2-4) ≤ 90 mm?

Run GRG Nonlinear solver

Select maximum stage discharge temperature constraint value

No

Condenser duty = 50 kW?

Solver solution found for 
selected constraint?

Yes

No

Increase maximum stage discharge 
temperature constraint value by 1 Kelvin

Reduce Stage 1 cylinder 
bore diameter

Increase Stage 1 cylinder 
bore diameter

No, Higher

        

Optimization procedure
Constraints
 Max cylinder bore diameter (90 mm)
 Max Tdisch. 250 - 270°C?
• Max condenser duty (50 kW)
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Optimization procedure
Constraints
 Max cylinder bore diameter (90 mm)
 Max Tdisch. 250 - 270°C?
 Max condenser duty (50 kW)

Steam-Generating Heat Pumps, OST Webinar, 29 September 2026

Guess cylinder bore diameter for stage 1 
Guess pressure ratio stage 1-3

Reduce Stage 1 cylinder bore 
diameter

No, Lower

Yes

All calculated cylinder bore 
diameters (stage 2-4) ≤ 90 mm?

Run GRG Nonlinear solver

Select maximum stage discharge temperature constraint value

No

Condenser duty = 50 kW?

Solver solution found for 
selected constraint?

Yes

No

Increase maximum stage discharge 
temperature constraint value by 1 Kelvin

Reduce Stage 1 cylinder 
bore diameter

Increase Stage 1 cylinder 
bore diameter

No, Higher

Yes

 Cylinder bore diameters and pressure ratios  
complete
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Key design aspects:
• Layouts differentiating based on steam desuperheating method
• Operational safety – Controllable desuperheating process minimizing risk of liquid presence in the

compressor
• Performance and complexity

Heat source

Heat sink

Compressor stage 1

Compressor stage 2

Compressor stage 3

Compressor stage 4

IHX

Condenser

Evaporator

Expansion 
valve 1

Expansion 
valve 2

Expansion 
valve 3

Expansion 
valve 4

Open intercooler 
tank 1

Open intercooler 
tank 2

Open intercooler 
tank 3

Steam bypass line

Steam bypass line

Steam bypass line

Heat source

Heat sink

Compressor stage 1

Compressor stage 2

Compressor stage 3

Compressor stage 4Condenser

Evaporator

Expansion 
valve

 Intercooler 
HX Stage 1

IHX

 Intercooler 
HX Stage 2

Intercooler 
HX Stage 3 

Heat source

Heat sink

Liq. Injection 
valve stage 2

Liq. Injection 
valve stage 3

Liq. Injection 
valve stage 4

Compressor stage 1

Compressor stage 2

Compressor stage 3

Compressor stage 4Condenser

Evaporator
Expansion 

valve

IHX

1 – Liquid spray injection 2 – Closed heat exchangers 3 – Open intercooler tanks

Evaluated HTHP layouts
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Concept
• Interstage desuperheating by injection of pressurized condensate
• Liquid expanded through control valves and atomized through

spray nozzles
Advantages
• Relatively simple - No external coolant circuit required
• Utilization of flash vapor improves COP 
• Established technology within industrial steam systems
Challenges
• Risk of incomplete evaporation and liquid droplets entering the

compressor
• Commercial desuperheater injectors have limited flow turndown

capability
• Requires accurate dynamic flow control of the injected liquid

Heat source

Heat sink

Liq. Injection 
valve stage 2

Liq. Injection 
valve stage 3

Liq. Injection 
valve stage 4

Compressor 
stage 1

Compressor 
stage 2

Compressor 
stage 3

Compressor 
stage 4

Condenser

Evaporator
Expansion 

valve

IHX
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Layout 1 – liquid spray injection
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Concept
• Interstage desuperheating using closed heat exchangers and an 

auxiliary coolant
• Working fluid and coolant remain separated
Advantages
• Avoids direct liquid injection
• Significantly reduces risk of liquid droplets entering the compressor
• Enables use of air cooling during start-up
• Few cycle components, potentially compact
Challenges
• Heat removed from the HTHP cycle unless recovered elsewhere
• Additional auxiliary cooling circuit is requiredMore auxiliary

equipment, piping, valves and instrumentation
• Possible condensation on heat-exchanger surfaces must be 

avoided

Layout 2 – Closed heat exchangers

Heat source

Heat sink

Compressor stage 1

Compressor stage 2

Compressor stage 3

Compressor stage 4Condenser

Evaporator

Expansion 
valve

 Intercooler 
HX Stage 1

IHX

 Intercooler 
HX Stage 2

Intercooler 
HX Stage 3 
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Concept
• Three open intercooler tanks operated at intermediate pressures
• Compressor discharge gas cooled to saturated conditions
• Bypass line with valve control to obtain the required suction

superheat
Advantages
• Full utilization of flash vapor improves COP
• Robust - Strong protection against liquid carryover into the

compressor
Challenges
• Largest number of cycle components flash tanks, bypass lines, 

additional valves and instrumentation
• More cycle parameters to control tank multiple intermediate

pressures, liquid-level, bypass valve
• Higher equipment cost

Layout 3 – Open intercooler tanks
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Heat source

Heat sink

Compressor stage 1

Compressor stage 2

Compressor stage 3

Compressor stage 4

IHX

Condenser

Evaporator

Expansion 
valve 1

Expansion 
valve 2

Expansion 
valve 3

Expansion 
valve 4

Open intercooler 
tank 1

Open intercooler 
tank 2

Open intercooler 
tank 3

Steam bypass line

Steam bypass line

Steam bypass line
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• Key compressor constraints satisfied for all layouts
— Maximum compressor discharge temperature 250°C

• Utilization of flash vapor leads to significantly 
improved COP
— Best effect is with open intercooler tanks, COP = 4.2, 

ηCarnot= 0.631

• Different layouts lead to wide differences in 
optimum cylinder bore diameters and stage 
pressure ratio
— Reduced bore diameters in stages 1-3 for concepts 1 and 3 

leading to reduced compressor duty
— Highest pressure ratio for stage-1, then progressively 

decreasing for subsequent stages

1assuming sink and source temperatures of 195 ºC and 125 ºC

Performance comparison
Steady state evaluation at design point conditions

Steam-Generating Heat Pumps, OST Webinar, 29 September 2026
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Results (Baseline COP = 3.33):
• Isentropic efficiency has the largest impact on COP

‒ Example 0.75  0.85, COP = 3.79

• Reducing suction superheat provides limited performance gains
‒ Example 20K  5K, COP = 3.49

• Increasing allowable discharge temperature shows diminishing returns
‒ Example: 250°C 300°C, COP = 3.46

• Heat exchanger design (minimum approach temperature and pressure 
drop) has significant combined impact):
‒ Example: 5K  3K and 0.3 bar  0.15 bar, COP = 3.65 

Parameter Baseline value 𝑿𝑿𝟎𝟎 Range
Isentropic efficiency, 𝜼𝜼is [-] 0.75 0.7 – 0.9
Maximum compressor Tdisch [°C] 250, or optimization min. 250 – 330
Suction superheat [K] 20 5 – 20 
Desuperheating HX pressure drop [bara] 0.3 0.1-0.5
Condenser and evaporator ∆𝑻𝑻𝒎𝒎𝒎𝒎𝒎𝒎 [K] 5 2-8

Volumetric efficiencies and interstage pressure losses included

Performance sensitivity analysis
On selected layout to evaluate influence from key parameters

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

-1.00 -0.80 -0.60 -0.40 -0.20 0.00 0.20 0.40 0.60 0.80 1.00

Re
la

tiv
e 

CO
P 

ch
an

ge
,

∆C
O

P 
/ C

O
P 0

Relative parameter change,
∆X/X0

Dimensionless sensitivity of COP to selected parameters

isentropic efficiency
Suction superheat
Intercooler pressure drop
Compressor discharge temperature
Minimum heat exchanger approach temperature
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• Based on concept with closed heat 
exchanger intercooling
— Lower operational risk than liquid injection
— Lower system complexity than open 

intercooler tanks
— Allows intercooling of air during pre-

heating
• Slight revision of bore diameters due to 

manufacturing constraints:
— 80 – 80 – 90 - 75 mm

• Performance @ design1: COP = 3.36, ηCarnot = 0.50 
— Max. Tdisch. increased to 266 °C
— < 1% COP reduction compared to optimal cylinder

bore diameter 

1assuming sink and source temperatures of 195 ºC and 125 ºC

Final layout selection
and performance

AIR 
VENT

EL HEATER
5 kW

 CONDENSER
48 kW

UA: 722 W/K 

 CONDENSER
45 kW 

UA: 3390 W/K 

DSH1 HX 
4.1 kW

UA: 32 W/K
P loss: 5%

IHX
1 kW

UA: 16 W/K

MAIN EXP. VALVE
kV: 0.024

LIQ RECEIVER 
50L

DSH PUMP
324 L/h

DSH2 HX 
2.9 kW

UA: 21 W/K

DSH3 HX 
2.4 kW

UA: 16 W/K

EL TRACE HEATER1.99 bara, 
140 °C

4.35 bara, 
249 °C

4.13 bara, 
165 °C

7.03 bara, 
240 °C

6.67 bara, 
183 °C

10.3 bara, 
245 °C

9.79 bara
199 °C

15.5 bara, 
266 °C

85.1 kg/h

82.9 kg/h

WATER 
MAIN

2 kg/h

1200 RPM

15.2 bara, 
199 °C

15.2 bara, 
200 °C (sat liq.)

14.9 bara, 
192 °C

2.60 bara, 
120 °C

2.30 bara, 
120 °C

x=1

1.99 bara, 
140 °C

AIR EXP. VALVE

TXV

Air cooler
T set 160 °C
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• Controlled pre-heating with air until
design point temperatures

• Introduction of steam via HP liquid
receiver

• Additional liquid risk mitigating actions
— High-temperature desuperheating water coolant

loop to avoid HX wall temperatures below sat. 
steam

— Steam traps and separators before each
compression stage

WaterAirSteam

Start-up strategy

AIR 
VENT

EL HEATER
5 kW

 CONDENSER
48 kW

UA: 722 W/K 

 CONDENSER
45 kW 

UA: 3390 W/K 

DSH1 HX 
4.1 kW

UA: 32 W/K
P loss: 5%

IHX
1 kW

UA: 16 W/K

MAIN EXP. VALVE
kV: 0.024

LIQ RECEIVER 
50L

DSH PUMP
324 L/h

DSH2 HX 
2.9 kW

UA: 21 W/K

DSH3 HX 
2.4 kW

UA: 16 W/K

EL TRACE HEATER1.99 bara, 
140 °C

4.35 bara, 
249 °C

4.13 bara, 
165 °C

7.03 bara, 
240 °C

6.67 bara, 
183 °C

10.3 bara, 
245 °C

9.79 bara
199 °C

15.5 bara, 
266 °C

85.1 kg/h

82.9 kg/h

WATER 
MAIN

2 kg/h

1200 RPM

15.2 bara, 
199 °C

15.2 bara, 
200 °C (sat liq.)

14.9 bara, 
192 °C

2.60 bara, 
120 °C

2.30 bara, 
120 °C

x=1

1.99 bara, 
140 °C

AIR EXP. VALVE

MVA2

MVA3
TXV

Air cooler
T set 160 °C
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• Air compression gives a larger temperature rise than steam, 
resulting in high discharge temperatures

• Solution: reduce the Stage 1 inlet pressure and temperature
target to 1 atm, 120 °C

• Introduce steam at prevailing pressures once all compressor-
stage inlet temperatures reach the local steam saturation
temperature + 20 K

• Cycle pressures are then gradually ramped to design 
conditions

Start-up strategy – cycle
temperature evaluation
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• Validate HTHP design, operational strategy and 
dimensioning of components

Dynamic simulations
Dymola model of HTHP and auxilliary systems
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• Development of 4-stage R-718 heat pump can lead to high layout complexity and many possible 
configurations 

• Reciprocating compressor sensitive to liquid droplets and high temperatures  - Key focus on design 
and operational risk reducing measures
— Desuperheating concepts
— Optimization of cylinder geometry and pressure ratios - significant variations between layouts 

• Closed intercooling offers the best balance of performance, safety and complexity
— Selected layout achieves COP = 3.4 and ηCarnot = 0.50
— Can be integrated with air-preheating

• Pushing compressor superheat and temperature limit constraints yields poor risk–reward

Next steps in the Geosyn project
• Compressor testing and system laboratory experiments  Pilot demonstration

Conclusion and outlook

Steam-Generating Heat Pumps, OST Webinar, 29 September 2026
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