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Application Size Plant in Operation Under Construction Total

MW no. MW no. MW no. MW

Wood Biomass 0.2 - 6.5 221 263.1 37 61.7 258 324.8

Geothermal 0.5 - 5.6 5 17.7 4 13.6 9 31.3

Solar thermal power 0.1 ï2.0 0 0 4 3.7 4 3.7

HR: Reciprocating Engines 0.5 ï4.0 8 9.5 0 0 8 9.5

HR: Oil&Gas 1.0 - 3.0 2 2.8 1 4.8 3 5.8

HR: Cement and Refractories 0.8 - 5.0 4 11.8 1 3.8 5 15.6

HR: Metallurgy 0.7 - 2.7 2 3.4 3 4.6 5 8

HR: Float Glass 0.5 ï1.3 2 1.8 0 0 2 1.8

HR: Waste to Energy 0.5 - 5.3 8 19.6 1 0.7 9 20.3

Total Turboden Plants 252 329.7 51 91.1 303 420.8

Country plants Country plants

Germany 82 Russia 6

Italy 84 Rest of the World 6

Austria 31 Turkey 5

Rest of Europe 81 North America 8

Turboden has currently more than 300 reference plants worldwide

Last Update: May 2015
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Waste heat from industrial processes 
can be recovered and converted into power

Unrecoverable waste heat
Waste 
heat

energy 

Waste Heat Recovery Potential

Avoidable waste 
heat

Optimization of:
ÅProduction Process
ÅControl System

Recovery as 
thermal energy

through district 
heating and cooling, 
other thermal users

Conversion to 
mechanical/electric 

power

Effective
energy

Waste heat 
to power

Primary energy 
consumption

3



C
o
p

yr
ig

h
t 
©

  ς
T

u
rb

o
d

e
nS

.r
.l.

 A
ll

ri
g

h
ts

re
se

rv
e
d

Waste heat to power

Heat
source

Turbo 
expander

Heat 
exchanger

Heat 
rejection 
system

ÁGas turbines
Á Internal combustion engines
ÁHot streams from industrial processes
ÁΧ

ÁDirect exchange
ÁHeat carrier loop
ÅThermal oil
ÅPressurized water
ÅSaturated steam
ÅΧ

Electric power 
(or mechanical)

ÁCooling towers
ÁWater cooled condensers
ÁAir cooled condensers
ÁΧ

Potential thermal users
ÁProcess
ÁDistrict heating
ÁAbsorption chiller
ÁΧ

ÁOrganic RankineCycle
ÁSteam RankineCycle
ÁOther
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üTurbodensolutions from 200 kW to 15 MW electric per single unit

electricity

heat

Biomass

Heat recovery 

Geothermal

Solar

What we do

Turbodendesigns,developsand maintainsturbogeneratorsbasedon the Organic
RankineCycle(ORC),a technologyfor the combinedgenerationof electricpower
and heat from various renewable sources,particularly suitable for distributed
generation.

Waste to energy
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Entropy

Organic RankineCycle: concept

Cycle it is a thermodynamic cycle

Rankine it is theoretically given by 2 
isobar and 2 adiabatic 
thermodynamic transformations 

Organic it exploits an organic working 
fluid

The principle is based on a turbogeneratorworking as a normal 

steam turbine to transform thermal energy into mechanical energy 

and finally into electric energy through an electric generator. Instead 

of the water steam, the ORC system vaporizes an organic fluid, 

characterized by a molecular mass higher than water, which leads to 

a slower rotation of the turbine andto lower pressure and erosion of 

the metallic parts and blades.

Efficiency:98%of incoming thermal power is transformed into 

electric power (around 20%) and heat (78%), with extremely limited 

thermal leaks, only 2% due to thermal isolation, radiance and losses 

in the generator. The electric efficiency obtained in non-cogeneration 

cases is much higher (more than 24% of the thermal input).

CONDENSER

FEED PUMP

EVAPORATOR

EXPANDER

Water / steam

T
e
m

p
e
ra

tu
re

Entropy

Organic fluid
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Organic Rankine Cycle: Thermodynamics

Theturbogeneratorusesthe heatcarrier(e.g. hot temperaturethermaloil) to pre-heatandvaporizea suitableorganicworkingfluid in

the evaporator(8­3­4). The organicfluid vapor powers the turbine (4­5), which is directly coupled to the electric generator

through an elasticcoupling. Theexhaustvapor flows through the regenerator(5­9) where it heatsthe organicliquid (2­8). The

vapor is then condensedin the condenser(cooledby the water flow or other) (9­6­1). Theorganicfluid liquid is finally pumped

(1­2) to the regeneratorandthen to the evaporator,thuscompletingthe sequenceof operationsin the closed-loopcircuit.

Turbine

Generator

Pre-heater

Cooling medium

Condenser

Evaporator

Pump

Heat carrier

Electric Energy
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Entropy
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Water vs High Molecular Mass - Working Fluid

Water

Á Small, fast moving molecules 

Á Metal parts and blade erosion

Á Multistage turbine and high speed 

with mechanical stress

High molecular mass fluid

Á Large flow rate

Á Larger diameter turbine with high 

efficiency of the turbine (85-90%)

Á No wear of blades and metal parts

Á Slow rotation speed 

and few stages (2-6)
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ORC provides significant advantages as compared to steam

Steam RankineCycle
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Organic RankineCycle (ORC)

ÅHigh enthalpy drop
ÅSuperheating needed
ÅRisk of blade erosion

ÅSmall enthalpy drop
ÅNo need to superheat
ÅNo supercritical pressure
ÅNo risk of blade erosion

Thermodynamic 
features and 

consequences

ÅWater treatment required
ÅHighly skilled personnel needed
ÅHigh pressures and temperatures in the 

cycle

ÅNon-oxidizing working fluid with no 
corrosion issues
ÅMinimum personnel and O&M (1) 
ÅCompletely automatic (2)
ÅNo blow down

Operation and 
maintenance costs

ÅConvenient for large plants and high 
temperatures
ÅLow flexibility with significantly lower 

performances at partial load

ÅHigh flexibility and good performances at 
partial load
ÅHigh availability (average >98%)
ÅPossibility to work at low temperatures 

(90+°C)

(1) Standard maintenance: 2-3 days per year
(2) Fast start-stop procedure (ca. 20 min), partial load operation (down to 10% of nominal load)

Other features
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ORC performance at partial load
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