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OUR MISSION
We provide unique, reliable and advanced
technologies founded on our core proprietary
turbomachinery, with the aim of maximizing
the value of renewable resources and energy
efficiency.

SINCE 1980
Turboden is an Italian firm and a global leader in the
design, manufacture, and maintenance of Organic
Rankine Cycle (ORC) systems, highly suitable for
distributed generation, which produce electric and
thermal power exploiting multiple sources.

Copyright © – Turboden S.p.A. All rights reserved

KGC 2022, Nairobi.

MILESTONES
1st ORC biomass plant.

1st ORC prototype.

‘60-’70

1976

Prof. Mario Gaia makes
experience in the field of ORC
within his research group at
Politecnico di Milano.

1980

1998

Prof. Mario Gaia
founds Turboden.

ORC SIZES AVAILABLE

ORC PLANTS INSTALLED

‘90-2000

Turboden becomes
leader in Europe with its
biomass plants.

Turboden launches
new products, LHP and
EXP

2000-2009

2019

Turboden enters
geothermal, waste heat
recovery and solar
markets.

2013

2020

MHI acquires the
majority of Turboden.

2000

2010

2020

1990
300 kW

1 - 2 - 4 MW

5 - 8 - 10 MW

20 MW

1

100

220

400+

1990
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OUR PRODUCTS
ORC SYSTEM

LARGE HEAT PUMP

GAS EXPANDER

NEW
Designed for decarbonisation.

NEW
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GLOBAL AND PROVEN EXPERIENCE

Experience in over

GEOTHERMAL
16 units, 119.1 MWe
WASTE HEAT
37 units, 89.7 MWe

BIOMASS
327 units, 476.6 MWe

50
countries
With

400+
installations
OIL & GAS
5 units, 37.3 MWe

GAS EXPANDER
2 units, 1.3 MWe

Power generated

25
thousand
GWh
Cumulative operation time

5

WASTE TO
ENERGY
25 units, 66.2 MWe

LARGE HEAT PUMP
1 unit, 5.7 MWth

HIGH
TEMPERATURE
COGENERATION
2 units, 2.1 MWe

19
million
hours
Last update: April 2022
* including two hybrid power plants
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TURBODEN SCOPE OF SUPPLY
Experience in delivering EPC / full turn-key solutions
Thermodynamic process and control philosophy designed by Turboden

Air Cooled Condenser designed
and manufactured in-house

Heat Exchangers designed
in-house, worldwide supply chain

up to

20 MW
6

per single
shaft

from

100°C

Multi-stage axial turbine,
Turboden proprietary design
Largest ORC working fluid portfolio
in operation: hydrocarbons, HFCs, HFOs

to more than

200°C

Operation in remote areas: off grid capability
(island mode) and automatic operation

Capability to design
Resource Gathering System
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THE ORC CYCLE – HOW IT WORKS
Differently from the conventional geothermal steam
turbines, the ORC process uses low-to-high enthalpy
geothermal fluid (Thot,IN → Thot,OUT) to preheat and vaporize
a suitable organic working fluid within a closed loop:

Thot OUT

Q2

Thot IN

▪ The organic fluid vapor rotates the turbine, which is
coupled to the electric generator (E).
▪ The exhaust vapor flows through the condenser, which is
cooled by air or water (Tcold,IN → Tcold,OUT) .

ORC

E

▪ The organic working fluid is then pumped again, thus
completing the closed-cycle operation.
In such way the ORC turbine is not in contact with the
geothermal fluid, which remains enclosed in the heat
exchangers, allowing a full reinjection of all the brine and
steam condensate with zero emissions to the ambient.

Tcold OUT

Q1

Tcold IN
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BINARY CYCLES CAN BE COMBINED WITH
TRADITIONAL SINGLE FLASH STEAM PLANTS
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BRINE RECOVERY SOLUTION: BENEFITS
Retrofitting of existing flash plants shows attractive features:

Additional (15-40%) power
of the flash installed capacity
from the wells already existing
(no drilling risk and cost)

Bankability of the project and
easier characterization of brine

Short time to operation
Geothermal brine already
available (indicatively 15 months)

Environmental advantages
no need of new drilling, no
further CO2 emissions
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WHAT MAKES TURBODEN A UNIQUE PLAYER
Turboden can be involved in all the main steps of a geothermal project: from the feasibility stage, to the Front
End Engineering and Design, to the firm validation of a business plan, to the remote monitoring and operation.
A geothermal project requires a multi-discipline approach: geochemistry, reservoir engineering,
thermodynamic processes, turbine design, electrical engineering, corrosion and scaling are just few of the
main fields of expertise required. We try to embrace all these disciplines, starting from our core know-how,
which is the power plant and turbine engineering and control philosophy.
We are very close to our customers thanks to a big commissioning team and a wide after sales network,
located at the headquarter in Italy and in the other international branches.
Our tradition is the capability to employ many organic working fluids, every time selecting the best one
according to the project peculiarities. Customization, but also modularization are key elements to be
considered in any project.
We design and manufacture our turbines, the heart of our technology, with capability to reach 20 MW for a
single multi-stage expander, and efficiencies exceeding 90%.
Not only engineering-related but also financials capabilities are required. Being part of a multinational group
such as Mitsubishi Heavy Industries, we can leverage many instruments to facilitate the export of our
equipment, such as export credit or CO2 and innovation grant mechanisms.
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TURBODEN’S INNOVATION IN ORC TURBINE
Classic cantilever layout is a convenient and effective turbine
design widely adopted in ORC power plants, representing the
vast majority of the installed units worldwide.
This kind of design was limiting the number of expansion stages
up to 3 or 4, mainly due to the rotor-dynamic stability of the
system that is adversely affected by the overhung mass
proportionally increased by the number of the stages.
Large size ORC turbines would benefit by a larger number of
expansion stages in the turbine (i.e. 5 or 6), improving their
efficiency.

The innovative rotor design by Turboden overcomes this
limitation, introducing a new 5 stages axial expanders family
targeting both the heat recovery and the high efficiency
geothermal ORC applications.
The first unit of this kind is operation since 2016 showing an
efficiency improvement of 5 and more percentage points
compared to similar size previous generation units.
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COMPARISON WITH STEAM TURBINES TECHNOLOGY
The basic difference between steam turbines and ORC turbines is the working fluid.
By selecting a “lower boiling” working fluid rather than water it is possible to efficiently exploit heat sources within the
range of 100 °C to 200 °C. Thermodynamic cycle configurations, which are inaccessible in the state diagram of water,
can be obtained with organic working fluids having different parameters and high efficiency.
The main advantages of the ORC turbines compared with steam turbines:
▪ Geothermal fluid isolated from the environment and the turbine
▪ Dry expansion: no fluid condensation in the turbine (unlike in the
geothermal flash steam turbines), with no erosion
▪ High molecular mass fluid: low peripheral speed are required for the
turbine, with low mechanical stress
▪ Low enthalpy drop across the turbine: low number of turbine stages,
thus turbine size and cost is smaller
▪ Small expansion ratio across the turbine: smaller blades size
compared to water steam
▪ High isentropic efficiency (> 90%)

Water steam

Organic fluid

▪

Small, fast moving
molecules

▪

Large, slow moving
molecules

▪

Blade erosion &
corrosion

▪

No wear of blades and
metal parts

▪

Big multistage turbine at
high rpm speed with
mechanical stress

▪

Compact, low rpm speed
and few stages turbine (2-6)
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SELECTED GEOTHERMAL REFERENCES

2012

2013

2013

•

Site: Dürrnhaar, Germany

•

Site: Kirchstockach, Germany

•

Site: Sauerlach, Germany

•

Customer: SWM - StadtWerke
München

•

Customer: SWM - StadtWerke
München

•

Customer: SWM - StadtWerke
München

•

Configuration: power only

•

Configuration: power only

•

Configuration: power & heat

•

ORC power: 5.6 MWe

•

ORC power: 5.6 MWe

•

ORC power: 5 MWe + 4MWth

•

Liquid brine: 138 °C

•

Liquid brine: 138 °C

•

Liquid brine: 140 °C

CLICK FOR
YOUTUBE VIDEO

CLICK FOR
YOUTUBE VIDEO
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SELECTED GEOTHERMAL REFERENCES

2015

2015

2016

•

Site: Sugawara, Japan

•

Site: Traunreut, Germany

•

Site: Soultz-sous-Forêts, France

•

Customer: Kyushu Electric

•

Customer: GKT Traunreut

•

Customer: GEIE

•

Configuration: power only

•

Configuration: heat & power

•

Configuration: power only

•

ORC power: 5 MWe

•

ORC power: 4.1 MWe + 12 MWth

•

ORC power: 1.7 MWe

•

Liquid brine + steam: 140 °C

•

Liquid brine: 118 °C

•

Liquid brine: 170 °C
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SELECTED GEOTHERMAL REFERENCES

2018

2019

2018

•

Site: Velika Ciglena, Croatia

•

Site: Lightning Dock, USA

•

Site: Holzkirchen, Germany

•

Customer: Geo Power Energy
development d.o.o.

•

Customer: Cyrq

•

Customer: Holzkirchen GmbH

•

Configuration: power only

•

Configuration: power & heat

•

Configuration: power only

•

ORC power: 14 MWe

•

ORC power: 3.4 MWe + 10 MWth

•

ORC power: 17.5 MWe

•

Liquid brine: 155 °C

•

Liquid brine: 152 °C

•

Liquid brine + steam: 171 °C
CLICK FOR
YOUTUBE VIDEO

CLICK FOR
YOUTUBE VIDEO
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SELECTED GEOTHERMAL REFERENCES

UNDER CONSTRUCTION

UNDER CONSTRUCTION
•

Site: Berlin, El Salvador

•

Site: Kirchweidach, Germany

•

Customer: LaGeo

•

Customer: EON

•

Configuration: bottoming plant

•

Configuration: power & heat

•

ORC power: 8 MWe

•

ORC power: 3.7 MWe

•

Liquid brine: 172 °C

•

Liquid brine: 122 °C

UNDER CONSTRUCTION
•

Site: Palayan, Bac-Man, the
Philippines

•

Customer: Energy Development
Corp.

•

Configuration: bottoming plant

•

ORC power: 29 MWe

•

Liquid brine: 171 °C
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The End
Thank you for your attention
joseph.bonafin@turboden.it
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