
Turboden ORC plants for Industrial Heat Recovery
The proven way to address environmental sustainability
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Pratt & Whitney, a division of United Technologies Corporation (UTC), is a

world leader in the design, manufacture and service of aircraft engines,

industrial gas turbines and space propulsion systems.

Pratt & Whitney Power Systems (PWPS), the industrial gas turbine business

of Pratt & Whitney, provides power generation and mechanical drive solutions

for the electric generation, oil and gas markets, including service through the

entire product life cycle

PWPS also manufactures and markets the PureCycle® system that can

harness heat in the form of hot water from many different sources such as

geothermal or oil & gas co-produced fluids, reciprocating engines, and

industrial waste heat to generate clean and reliable electricity.

Turboden, a Pratt & Whitney Power Systems company, is a European leader

in ORC technology for the generation and cogeneration of heat and power from

renewable energy and heat recovery.

Åoperating proýt of $1.99 billion in 2010

Årevenues of $12.94 billion

Å36,000 employees 

Åmore than 11,000 customers

Å195 countries

About us ïA Pratt & Whitney Power Systems Company
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United Technologies Corporation
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http://www.turboden.eu/en/home/index.php
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üstandard units from 250 kW to 3 MW

ücustomized solutions up to 15 MW
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electricity

heat

Biomass

Waste-heat 

Geothermal

Solar

What we do

Turboden designs and develops turbogenerators based on the Organic

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

heat and electrical power from various renewable sources, particularly

suitable for distributed generation.
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1980-2011- over 30 Years of Experience

1984 - 40 kWel 

ORC turbo-

generator for a 

solar plant in 

Australia

1987ï3 kWel 

ORC turbo-

generator for a 

biomass plant 

in Italy

2008 ï3 MWel  ORC 

turbo-generator for 

heat recovery on a 

waste incinirator in 

Belgium

1988ï200 kWel 

ORC geothermal 

plant in Zambia

2009 ïFirst 100 

plants and first 

installed 100 MWel  

2010 ïFirst plant 

overseas

2011 ïOver 200 ORC 

plants in the world
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The Thermodynamic Principle: The ORC Cycle
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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.
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Why High Molecular Mass Working Fluid Instead of Water?

Water  

ü Small, fast moving molecules 

ü Metal parts and blade erosion

ü Multistage turbine and high 

mechanical stress

Organic Fluid

ü Very large flow rate

ü Larger diameter turbine

ü No wear of blades and metal 

parts

WATER HIGH MOLECULAR MASS FLUID
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Advantages of Turboden ORC Turbogenerators

Technical advantages

Ç High cycle efficiency

Ç Very high turbine efficiency (up to 90%)

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

Ç Low RPM of the turbine allowing the direct drive of the electric generator 

without reduction gear

ÇNo erosion of blades, thanks to the absence of moisture in the vapor nozzles

Operational advantages / results

ÇSimple start-stop procedures

Ç Automatic and continuous operation

Ç No operator attendance needed

Ç Quiet operation 

ÇHigh Availability (Admont ïover 50,000 hours of operation, availability > 98%)

Ç Partial load operation down to 10% of nominal power

Ç High efficiency even at partial load 

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

Ç Long life

8
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Layout ïSome Examples

TURBODEN 7 layout

TURBODEN 18 layout
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TURBODEN 10 layout
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ORC Applications ïHeat Recovery

Heat Recovery

Turboden ORCs can produce electricity by recovering heat from

industrial processes, reciprocating engines and gas turbines. The

power of Turboden Turbogenerators in this application generally

ranges between 250 kW and 10 MW electric.

Biomass Heat Recovery Geothermal Solar Thermal

Power
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HR Applications / Energy Sources

Ç Internal combustion engines exhaust gas (ORC as bottom 

cycle to Diesel and gas reciprocating engines, gas turbines) 

Ç Steel furnaces exhaust gas

Ç Cement, Glass and other non ferrous materials furnaces

exhaust gas

Ç Exhaust Gas from waste incineration (civil/industrial)

Gaseous sources

Liquid sources

Condensing sources

Ç Refineries hot streams 

Ç Cooling water (or other fluids) loops in industrial 

processes

Ç Jacket cooling water of reciprocating engines

Ç Refineries organic vapours to be condensed

Ç Surplus steam from production process (i.e. paper 

production process)

Ç Steam from cooling loops in industrial processes (i.e. 

steel) 

12
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HR (Heat Recovery) modules

Standard Sizes and Typical Performances

13
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Heat recovery from Internal Combustion 

Engines: heat sources

Exhaust gas:  Typically contains between 1/4 and 1/3 of the fuel 
heat, being released at relatively high temperatures (300 500 C).

ORC production reaches up to 10% of engine power output

Jacket water: very low temperature heat (< 100 C) 
is released by this loop to atmosphere.
ORC production (includingmain plant savings) 
reachesup to 3 % of enginepower output 

Turboden'sORC modules for heat recovery have a power output between 400 
kWeup to 10 MWe: the minimum thermal power necessary to employ a 
Turboden ORC is approximately 2 MWt
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Project ORC Module Site Engines

Pisticci I TURBODEN 18 HR SPLIT (1,8 MWe)
In operation since IV quarter 2010

Pisticci (I) 3 x 8 MWeWartsilaDiesel engines

Oxon TURBODEN 6 HR SPLIT (0,6 MWe)
In operation since IV quarter 2008

Pavia (I) 1 x 8 MWeMAN Diesel engine

FinPower TURBODEN 6 HR DIR. EXCH. (0,6 MWe)
In operationsinceII quarter2009

Visano(I) 1 x 17 MWeWartsilaDiesel engine

Pisticci II TURBODEN 40HR SPLIT (3,8 MWe)
Under construction

Pisticci (I) 3 x 17 MWeWartsilaDiesel engines

CerealDocks TURBODEN 6 HR DIR. EXCH. (0,6 MWe)
Under construction

Portogruaro (I) 1 x 7 MWeWartsilaDiesel engine

Eukrasia TURBODEN 6 HR SPLIT (0,6 MWe)
In operation since II quarter 2010

Catania (I)
2 x 1 MWeJGS/GE gas engine+      
3 x 0,8 MWeJGS/GE gas engine +   
1 x 0,6 MWeJGS/GE gas engine

BlueTower
TURBODEN  6 HR (0,6 MWe)
Under construction

Herten(D) 2 x2,1 MWeMWM gas engine
(+ additionalheat from the process)

Ulm
TURBODEN  10 HR  cogenerative(1 MWe)
Under construction

Senden(D) 2 x2 JGS/GE gas engine
(+ additionalheat from the process)

Kempen
TURBODEN  6 HR  cogenerative (0,6 MWe)
Under construction

Kempen(D) Diesel engine

Mondopower
TURBODEN  10 HR (1 MWe)
Under construction

Chivasso(I) 1 x 17 MWeWartsilaDiesel engine

HSY 
TURBODEN  14 HR (1,3 MWe)
Under construction

Ämmässuo(FIN) 4 x 4 MWeMWM gas engines

Heat Recovery from Internal Combustion 

Engines: reference projects
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Heat Recovery from Gas Turbine: 20% addôl 

power / reduction in specific emissions
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Centaur 40 Solar

SGT-200 Siemens

Mars 100 Solar
Titan 130 Solar
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Gas Turbine Shaft Power Output [kW]

TURBODEN ORCsPoweroutput vs Gas Turbine 
ShaftPowerOutput

Pel ORC % Pel ORC/Pel Gas Turbine

SGT-500 Siemens

SGT-700 Siemens

ORC suitable for heat recovery in:

ÇRemote/unmanned locations with variable operating loads (e.g. gas compressor stations)

ÇñPeakloadòpower stations (easy and fast start-up procedures)

ÇHeavy duty / continuous applications

NOTE: Indicative values assuming ambient air temperature of 15°C, Gas Turbines operating at nominal load;  

calculations based on Gas Turbine exhaust  gas properties as reported in specific suppliers  web sites.
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Reference Case Study:

Heat recovery from Solar CENTAUR gas turbine in a Gas

Compressor station in Canada

ÇGas Turbine prime power: 3.5 MWe

ÇGas Turbine efficiency: 28%

ORC electric power: 1MWe

General Contractor: IST (Innovative Steam Technologies)

Final Client: TransGas

Under construction, start up 1st quarter 2011

Heat Recovery from Gas Turbine



C
o
p
y
ri
g

h
t 

©
  
ï

T
u

rb
o
d
e
n

S
.r

.l
. 
A

ll
ri
g

h
ts

re
s
e
rv

e
d

Heat Recovery In Cement Production Process

Exhaust gas streams from 

cement production 

process:

Ç Kiln pre-heater gas

Ç Clinker cooler gas

Main Exhaust Gas

Characteristics: 

ÇHigh dust content

ÇDifferent  operating conditions 

depending on mill operation, 

season, plant upsets, etc.

18
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Heat Recovery In Cement Production Process

Reference Case study: PRS gas waste heat recovery 

ÇClinker production capacity: å5.000 ton/day

ÇHeat source: exhaust gas @ 330°C

ÇGas cooled down to 220°C (extra heat used for raw 

material pre heating)

ORC electric power: ca. 2 MWe

Client: CIMAR ïITALCEMENTI GROUP (Morocco)

In operation since 2nd quarter 2010

19

http://cms-cimar.itcgr.net/FR/
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Heat Recovery In Cement Production Process

Reference Case study: PRS and CC gas waste heat recovery 

ÇClinker production capacity: å4.000 ton/day

ÇHeat source: exhaust gas @ 360°C (PRS) and 250 °C (CC)

ÇThermal oil (PRS) and pressurised water (CC) heat recovery loops

ORC electric power: ca. 4 MWe

Client: Holcim Romania ïHolcim Group (Romania)

Under Construction; start up expected in Q2 2012

20

http://www.holcim.it/it.html
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Heat Recovery In Refractory Production Process

Reference Case study: Refractory ovens exhaust    

gas heat  recovery 

ÇRefractory production capacity: å250 ton/day

ÇHeat source: exhaust gas @ 500 °C

ÇGas cooled down to ca. 150 °C

ORC electric power: ca. 1 MWe

Client: RHI GROUP (Radenthein - Austria)

In operation since:  first quarter 2009

21

http://www.rhi-ag.com/internet/de/default.html
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Heat Recovery in Steel Industry

ÇRolling, forging 

ÇStrip processing 

ÇHeat treatment

ÇBOF 

ÇBlast furnaces

ÇSinter

ÇElectric Arc Furnace

Main exhaust gas streams available:

ÇRelatively clean exhaust gas at moderate 

temperature

ÇCost effective for ORC Ó 600/800 kWe

ÇExhaust gas: high flows, high temperatures, 

high dust content, large variations in operating 

cycle, environmental constraints

ÇInterface between process and energy 

recovery unit is critical 

Ą ORCs proposed where heat recovery 

exchangers are available
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