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About Us
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Turboden is a leading European company in development and production of ORC

(Organic Rankine Cycle) turbogenerators. This state-of-the-art equipment generates heat

and power from renewable sources and heat recovery in industrial processes.

The company was founded in 1980 in Milan by Mario Gaia, Associate Professor at

Politecnico di Milano, teaching Thermodynamics, Renewable Energy and specifically

studying ORC systems. At present Prof. Gaia is Honorary Chairman. A number of his

former students are key persons in the Company and the whole Company is permeated

by innovative and research oriented spirit.

Turboden has always had a single mission: to design ORC turbogenerators for the

production of heat and electrical power from renewable sources, while constantly striving

to implement ORC technical solutions.

In 2009, Turboden became part of UTC Corp., a worldwide leader in development,

production and service for aero engines, aerospace drive systems and power generation

gas turbines, to develop ORC solutions from renewable sources and waste heat

worldwide.

In 2013 UTC exits the power market forming strategic alliance with Mitsubishi Heavy

Industries.

In 2013 Mitsubishi Heavy Industries acquires from UTC Pratt & Whitney Power

Systems (now PW Power Systems, Inc.) and the affiliate Turboden.

Today Turboden S.r.l. and PW Power Systems, Inc. are MHI group companies to provide a

wider range of products and services for thermal power generation systems.

In 2013 Turboden’s Quality Management System gets certified to ISO

9001:2008.
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• Prof. Mario Gaia makes experience in 

the field of ORC within his research 

group at Politecnico di Milano

• 1976 – First prototype of a solar 

thermodynamic ORC

’60-’70 1980-1999 2000-2009 2009-2013 2016…

• 1980 – Prof. Mario Gaia founds Turboden 

to design and manufacture ORC 

turbogenerators

• Turboden develops research projects in 

solar, geothermal and heat recovery 

applications

• 1998 – First ORC biomass plant in 

Switzerland (300 kW)

• Turboden installs ORC biomass plants, 

especially in Austria, Germany and Italy

• Turboden plans to enter new markets, with 

focus on North America

• First heat recovery applications

• 2009 – Turboden achieves 100 plants sold

• United Technologies Corp. (UTC) acquires the 

majority of Turboden’s quota. PW Power Systems 

supports Turboden in new markets beyond Europe

• UTC exits the power market forming strategic 

alliance with Mitsubishi Heavy Industries

• PW Power Systems becomes an MHI group 

company

35 Years of Experience 

• 2013 - MHI acquires the 

majority of Turboden. Italian 

quotaholders stay in charge of 

management

• Today - Over 300 ORC plants in 

the world, over 240 in operation
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1984 – 40 kWel ORC 

turbo-generator for a solar 

plant in Australia

1987 – 3 kWel ORC turbo-

generator for a biomass 

plant in Italy

2008 – 3 MWel ORC 

turbo-generator for heat 

recovery on a waste 

incinerator in Belgium

1988 – 200 kWel ORC 

geothermal plant in 

Zambia

2009 – First 100 plants 

and first installed 100 

MWel

2010 – First plant 

overseas

2016 – Over 300 ORC 

plants in the world

35 Years of Experience
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Turboden – a Group Company of MHI

5

Mitsubishi Heavy Industries 

is one of the world's leading

heavy machinery 

manufacturers, with 

consolidated sales of over $33 

billion (in fiscal 2014).

Foundation July 7, 1884

Energy & 
Environment

Providing optimal solutions
in the energy-related 

fields of thermal power, nuclear 
energy and renewable energy in 

different environmental areas and 
for Chemical plants & other 

industrial infrastructures elements.

Commercial Aviation 
& Transport Systems 

Delivering
advanced land, sea and air 

transportation systems, 
including civilian aircraft, 

commercial ships and transit 
networks.

Machinery, Equipment       
& Infrastructure

Providing a wide range of
products that form the foundation

of industrial development,
such as machine tools, material

handling, construction machinery,
air-conditioning and

refrigeration systems.

Integrated Defense  
& Space Systems

Providing advanced 
land, sea and air defense systems,

including naval ships, 
defense aircraft, launch vehicles and 

special vehicles,
as well as space-related services.

Energy & Environment

the largest segment of MHI

over $13 billion (in fiscal 2014)
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 Turboden solutions from 200 kW to 15 MW electric per single unit

6

electricity

heat

Biomass

Heat recovery 

Geothermal

Solar

What We Do

Turboden designs, develops and maintains turbogenerators based on the Organic

Rankine Cycle (ORC), a technology for the combined generation of electric power

and heat from various renewable sources, particularly suitable for distributed

generation.

Waste to energy
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The Thermodynamic Principle: The ORC Cycle

The turbogenerator uses the hot temperature thermal oil to pre-heat and vaporize a suitable

organic working fluid in the evaporator (834). The organic fluid vapor powers the turbine

(45), which is directly coupled to the electric generator through an elastic coupling. The exhaust

vapor flows through the regenerator (59) where it heats the organic liquid (28). The vapor is

then condensed in the condenser (cooled by the water flow) (961). The organic fluid liquid is

finally pumped (12) to the regenerator and then to the evaporator, thus completing the sequence

of operations in the closed-loop circuit.

7
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Why High Molecular Mass Working Fluid Instead of Water?

Water  

 Small, fast moving molecules 

 Metal parts and blade erosion

 Multistage turbine and high mechanical stress

Organic Fluid

 Very large flow rate

 Larger diameter turbine

 No wear of blades and metal parts

WATER HIGH MOLECULAR MASS FLUID

8
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Advantages of Turboden ORC Turbogenerators

Technical advantages

 High cycle efficiency

 Very high turbine efficiency (up to 90%)

 Low mechanical stress of the turbine due to the low peripheral speed

 Low RPM of the turbine allowing the direct drive of the electric generator without 

reduction gear

 No erosion of blades, thanks to the absence of moisture in the vapor nozzles

Operational advantages / results

 Simple start-stop procedures

 Automatic and continuous operation

 No operator attendance needed

 Quiet operation 

 High Availability 

 Partial load operation down to 10% of nominal power

 High efficiency even at partial load 

 Low O&M requirements: about 3-5 hours / week

 Long life

9
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Layout – Some Examples

TURBODEN 7 layout

TURBODEN 18 layout

10

TURBODEN 10 layout
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Turboden ORC Plants in the World
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ORC Applications - Biomass

Biomass

Cogeneration plants with Turboden ORC can produce heat and electrical power from

biomass with high efficiency and user friendly operation. The generated power usually ranges

between 200 kW and 15 MW electric.

12

Biomass Heat Recovery Geothermal Solar Thermal

Power

Waste to energy
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ORC Plant – Performances 

 Gross electric efficiency: up to 25%

 Overall energy efficiency: 98%

 

100 %

18 to 25 %

2 %

80 to 73%

Thermal power 

from thermal oil 

(or other heat 

carrier)

Thermal power to 

heat users

Gross electric power

Thermal losses (insulation and 

generator losses)

13
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ORC Plant in a Process of Cogeneration from Biomass

14
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Combined Heat & Power (CHP) with Split system 

Standard Sizes and Typical Performances 

15
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Combined Heat & Power (CHP) 

Standard Sizes and Typical Performances 

16
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Turboden 200/300 kW Units

Typical Performances
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HRS – High Electrical Efficiency Units

HRS for electricity generation and cogeneration from biomass

18
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HRS – High Electrical Efficiency Units

19
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HRS – High Electrical Efficiency Units



C
o
p
y
ri
g

h
t 

©
  

–
T

u
rb

o
d
e
n

S
.r

.l
. 
A

ll
ri
g

h
ts

re
s
e
rv

e
d

21

HRS – High Electrical Efficiency Units
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Biomass – Fuels & Applications 

Fuels

 Wood biomass: sawdust, woodchips, bark, treated wood

 Other biomass: dried sewage sludge, green cuttings, rice husk,

vinasse and vine cuttings, wood industry waste material etc … 

 Waste material

Heat Consumers

 District Heating networks

 Timber drying in sawmills

 Sawdust drying in wood pellet factories

 MDF/PB Producers

 Refrigeration

 Greenhouses

 Wine industry

22
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District Heating Networks

WITHOUT ORC

WITH ORC

HEAT 

USER

BIOMASS 

POWERED 

BOILER
BIOMASS

hot 

water

cold

water

HEAT 

USER

BIOMASS
cold

water

hot 

water

BIOMASS 

POWERED

BOILER

Thermal

oil

Electric

power

ORC

23
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Sawmills

hot

water

SELECTION

DRYING

TRUNKS

PRODUCT

bark sawdust

BARKING PROCESSING

cold

water

PACKAGING

Thermal

oilBIOMASS

POWERED

BOILER

ORC

24

Electric

power
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Wood Pellet Production

25

BELT DRYER

Pellet

PELLET

READY TO BE 

PACKAGED

Suitable

granulometry

UR 40%

UR < 13%

BIOMASS 

POWERED 

BOILER

SELECTION/ 

SORTING

CHIPPINGBARKING

AIR COOLING/ 

DEDUSTING

PELLET 

MAKING PRESS

ORC

DEDUSTING/ 

SELECTION/ 

REFINING

MILLING

Thermal

oil

Electric

power

TRUNKS

cold

water

hot

water



C
o
p
y
ri
g

h
t 

©
  

–
T

u
rb

o
d
e
n

S
.r

.l
. 
A

ll
ri
g

h
ts

re
s
e
rv

e
d

MDF Production

26

Figure: Proposed scheme for MDF plant with ORC cogeneration unit
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CCHP – Combined Cooling Heating Power

27

cold

water

ABSORPTION 

CHILLER

hot

water

ELECTRIC 

POWER

DISTRICT 

HEATING

cold

water

COOLING 

SYSTEM

BIOMASS 

POWERED 

BOILER

BIOMASS

ORC

Thermal

oil

USE IN 

PUBLIC 

BUILDING, 

HOTEL, …
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Greenhouses

28

GREENHOUSE

GREENHOUSE

hot

water

hot

water

cold

water

Thermal

oilBIOMASS

POWERED

BOILER

ORC

Electric

power

Green 

cuttings
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Wine Production

29

Vine Growing

Grape production

Land yearly 
upkeeping  cutting

Rasping

Sweet
Vinasse

Grape 
juice

Fermented
Vinasse

Grape stalks

DISTILLING

Grappa and  
Alcohol
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Vinasse
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Turboden at a Glance

30
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Turboden strong points

31

• Participation in national 

& EU research programs

• Cooperation with EU 

Universities and 

Research Centres

• Thermodynamic cycle 

optimization

• Working fluid selection & 

testing 

• Thermo-fluid-dynamic 

design and validation

• Implementation & testing 

of control/supervision 

software

• Many patents obtained 

• Pre-feasibility 

studies: evaluation of 

technical & 

economical feasibility 

of ORC power plants

• Customized 

proposals to 

maximize economic 

& environmental 

targets 

• Complete in-house 

mechanical design

• Proprietary design 

and own 

manufacturing of 

ORC optimized 

turbine

• Tools

- Thermo-fluid-

dynamic programs

- FEA

- 3D CAD-CAM

- Vibration analysis

• Start-up and 

commissioning 

• Maintenance, 

technical assistance 

to operation and 

spare parts service

• Remote monitoring 

& optimization of 

plant operation 

• Outsourced 

components from 

highly qualified 

suppliers

• Quality assurance & 

project management 

• In-house skid 

mounting to minimize 

site activities

R&D Sales/marketing Design
Operations & 

manufacturing
Aftermarket 

service


