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Turboden has currently more than 300 reference plants worldwide
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329.7

51

Country

Russia

Rest of the World
Turkey

North America

Wood Biomass 0.2-6.5 221 263.1 37 61.7
Geothermal 0.5-5.6 5 AN 4 13.6 9

Solar thermal power 0.17 2.0 0 0 4 3.7 4

HR: Reciprocating Engines 0.571 4.0 8 9.5 0 0 8

HR: Oil&Gas 1.0-3.0 2 2.8 1 4.8 3 ).
HR: Cement and Refractories | 0.8 -5.0 4 11.8 1 3.8 5 5.
HR: Metallurgy 0.7- 2.7 2 3.4 3 4.6 5 8F
HR: Float Glass 0.571 1.3 2 1.8 0 0 2 1.8
HR: Waste to Energ 0.5-5.3 8 19.6 1 0.7 9 20.3
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Waste heat from industrial processes
can be recovered and convertedo power
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Waste heat to power

A Gas turbines

Electricpower
(or mechanical)

A Cooling towers

A Water cooled condenser

A Internal combustion engines A
A Air cooled condensers

A Hot streams from industrial processeq
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A Absorption chiller
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Whatwe do
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Turbodendesigns,developsand maintainsturbogeneratorsbasedon the Organic
RankineCycle(ORC)a technologyfor the combinedgenerationof electric power
and heat from various renewable sources, particularly suitable for distributed
generation

U Turbodensolutionsfrom 200 kW tol5 MW electric per single unit
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OrganidRankineCycle: concept
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CQycle it is a thermodynamicycle EXPANDE:R 5‘:>
Rankine it is theoretically given bg EVAPORATOR
isobarand 2adiabatic § ;
thermodynamic transformatios
CONDENSER
Organic it exploits an organic working )
fluid FEED PUMP

The principleis based on &urbogeneratorworking as a normal
steam turbine to transform thermal energy into mechanical energ
and finally into electric energy through an electric generdtmstead

Temperature

of the water steam, the ORC systevaporizes an organic fluid

Water / steam
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characterized by anolecular mass higher than watewhichleads to 5 / is
> \4
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aslowerrotation of the turbine ando lower pressure and erosiof

the metallic parts andblades.

Efficiency:98%o0f incoming thermal power igansformedinto
electric power(around2099 andheat (78%9, with extremely limited 4
thermal leaks, onl2%due to thermal isolation, radiance and losses
in the generator. Theelectric efficiency obtained inon-cogeneration
cases is much higher (more thaa%of the thermal inpuj.
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Organic Rankine Cycle: Thermodynamics
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2 Generator
Heat carrier
Evaporator Preheater

Cooling medium
Condenser

Pump

Theturbogeneratorusesthe heatcarrier(e.g. hot temperaturethermaloil) to pre-heatandvaporizea suitableorganicworkingfluid in
the evaporator(8- 3- 4). The organicfluid vapor powersthe turbine (4- 5), which is directly coupledto the electric generator
through an elasticcoupling The exhaustvapor flows through the regenerator(5- 9) where it heatsthe organicliquid (2- 8). The
vaporis then condensedn the condenser(cooledby the water flow or other) (9- 6- 1). Theorganicfluid liquid is finally pumped
(1- 2)to the regeneratorandthento the evaporatorthus completingthe sequenceof operationsin the closedloop circuit
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Water vs High Molecular Masw/orking Fluid
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Water
A Small, fast moving molecules
A Metal parts and blade erosion

with mechanical stress

\_

~

A Multistage turbine and high speed

High molecular mass fluid
A Large flow rate

A Larger diameter turbine with high
efficiency of the turbine (880%)

A No wear of blades and metal parts
A Slow rotation speed

/
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ORC provides significant advantagesoaspared tasteam

Thermodynamic
features and
consequences

Operation and
maintenance costs

Other features

A
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Entropy

AHigh enthalpy drop
ASuperheating needed
ARisk of blade erosion

Awater treatment required

AHighly skilled personnel needed

AHigh pressures and temperatures in the
cycle

AcConvenient for large plants and high
temperatures

ALow flexibility with significantly lower
performances at partial load

(1) Standard maintenance:®days per year

Temperature

OrganidRankineCycle (ORC)
7
i

Entropy'

ASmall enthalpy drop
ANo need to superheat
ANo supercritical pressure
ANo risk of blade erosion

ANonroxidizing working fluid with no
corrosion issues

AMinimum personnel and O&M (1)

ACompletely automatic (2)

ANo blow down

AHigh flexibility and good performances at
partial load

AHigh availability (average >98%)

APossibility to work at low temperatures
(90+C)

(2) Fast starstop procedure (ca. 20 min), partial load operation (down to 10% of nominal load)
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ORC performance at partial load

_a clean energy ahead

TURBODEN

10



