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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.

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.

Aoperating proyt of $1.99 billion in 2010
Arevenues of $12.94 billion

A36,000 employees

Amore than 11,000 customers

A195 countries

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.
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http://www.turboden.eu/en/home/index.php

What we do
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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.

U standard units from 250 kW to 3 MW

U customized solutions up to 15 MW




1980-2011- over 30 Years of Experience

Copyright © i Turboden S.r.l. All rights reserved

clean energy ahead

TURBODEN

1984 - 40 kWel
ORC turbo-
generator for a
solar plant in
Australia

198771 3 kWel
ORC turbo-
generator for a
biomass plant
in Italy

19881 200 kWel
ORC geothermal
plant in Zambia

200871 3 MWel ORC
turbo-generator for
heat recovery on a

~ waste incinirator in

Belgium

200971 First 100
plants and first
installed 100 MWel

201071 First plant
overseas

20117 Over 200 ORC
plants in the world




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?
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/WATER HIGH MOLECULAR MASS FLUID
Water Organic Fluid
u Small, fast moving molecules u Very large flow rate
U Metal parts and blade erosion U Larger diameter turbine
U Multistage turbine and high U No wear of blades and metal
mechanical stress parts
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Advantages of Turboden ORC Turbogenerators
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Technical advantages

C High cycle efficiency

C Very high turbine efficiency (up to 90%)

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

C Low RPM of the turbine allowing the direct drive of the electric generator
without reduction gear

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

Operational advantages / results

C Simple start-stop procedures

C Automatic and continuous operation

C No operator attendance needed

C Quiet operation

C High Availability (Admont 7 over 50,000 hours of operation, availability > 98%)
C Partial load operation down to 10% of nominal power

C High efficiency even at partial load

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

C Long life

TURBODE
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Turboden ORC plants in the world
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Turboden together with Pratt & Whitney Power Systems currently has more than 280 ORC units all over the world.
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Update September 2011



ORC Applications - Biomass
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Biomass Heat Recovery Geothermal Solar Thermal
Power

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 250 kW and
3 MW electric.
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ORC Plants i Perfomances
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U Gross electric efficiency: up to 24%

U Overall energy efficiency: 98%
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ORC Plant in a Process of Co-generation from
Biomass
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* Turboden ORC units can be also fed with saturated vapor or superheated water.
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Combined Heat & Power (CHP) with Split system

Standard Sizes and Typical Performances
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TD 6 CHP TD 7 CHP TD 10 CHP TD 14 CHP TD 18 CHP TD 22 CHP TD 22 CHP TD 28 CHP TD 30 CHP
Low Voltage Medium Voltage

INPUT - THERMAL 0IL
Nominal temperature "HT" loop (in/out) °C 312/252 312/252 310/250 310/250 312/252 309/249 312/252 310/250 310/250
Thermal power input "HT" loop kW 3056 3572 4685 6130 8935 10975 11680 13250 15200
Nominal temperature “LT" loop (in/out) °C 2521132 2521132 2501130 250/130 252/132 249/130 252/132 2501130 2501130
Thermal power input "LT" loop kW 283 338 450 585 855 1045 1112 1310 1600
Overall thermal power input kW 3339 3910 5135 6715 9790 12020 12792 14560 16800
Nominal temperafure "HT" loap (in/out) F 594/486 594/486 590/482 590/482 594/486 588/480 594/486 590/482 590/482
Thermal power input "HT" loop MMBtu/hr 10.43 12.19 15.99 20.92 30.49 37.45 39.85 45.21 51.86
Nominal femperature "LT" loop (in/out) iz 486/270 486/270 482/266 482/266 486/270 480/266 486/270 482/266 482/266
Thermal power input "LT" loop MMBtu/hr 0.96 1.15 1.54 2.00 2.92 3.57 3.79 4.47 5.46
Owverall thermal power input MMBtu/hr 11.06 13.02 17.52 22.91 33.41 41.01 43.65 50.31 57.42
OUTPUT - HOT WATER
Hot water temperature (in‘out) °C 60/80 60/80 60/80 60/80 60/90 60/90 60/90 65/90 68/93
Thermal power o hot water circuit kW 2689 3146 4095 5341 7843 9598 10211 11714 13636
Hot water temperature (in/out) iz 140/176 140/176 140/176 140/176 140/154 140/194 140/194 149/194 154/199
Thermal power to hot water circuit MMBtu/hr 918 10.73 13.97 18.22 26.76 32.75 34.84 36.97 46.53
PERFORMANGE
Gross active electric power kW 619 729 1000 1317 1862 2319 2476 2755 3066
Gross electric efficiency 18.5% 18.6% 19.5% 19.6% 19.0% 19.3% 19.4% 18.9% 18.2%
Captive power consumption kW 32 40 51 62 87 98 109 150 175
Net active electric power KW 587 689 949 1255 1775 2221 2367 2605 2891
Net electric efficiency 17.6% 17.6% 18.5% 18.7% 18.1% 18.5% 18.5% 17.9% 17.2%
Electric generator™ 50Hz, 400V 50Hz, 400V 50Hz, 400V 50Hz, 400V 50Hz, BEOV 50Hz, 660V 50Hz, BV 50Hz, 6kV 50Hz, BkV

60Hz, 480V 60Hz, 480V 60Hz, 480V 60Hz, 480V B0Hz, 4160V B60Hz, 4160V 60Hz, 4160V 60Hz, 4160V 60Hz, 4160V
Plant size Single Skid Single Skid Multiple Skid ~ Multiple Skid Multiple Skid Multiple Skid Multiple Skid Multiple Skid ~ Multiple Skid
Biomass consumption™* ka/h 1459 1709 2244 2935 4279 5253 5591 6364 7343
Typical delivery times (FCA) 9-11 9-11 8-11 9-11 8-11 9-11 8-11 11-13 11-13



Combined Heat & Power (CHP) - Standard Sizes and
Typical Performances
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TD 6 CHP TD 7 CHP TD 10 CHP TD 14 CHP TD 18 CHP TD 22 CHP TD 30 CHP
INPUT - Thermal oil
Nominal temperature "HT" loop (in/out) °C 302/242 302/242 300/240 300/240 300/240 300/240 300/240
Overall thermal power input kW 3340 3895 5140 6715 9790 12020 16800
Nominal temperature "HT" loop (in/out) 2 576/468 576/468 572/464 572/464 572/464 572/464 572/464
Overall thermal power input MMBtu/hr 11.4 13.29 17.54 22.91 334 41.01 57.32
OUTPUT - HOT WATER
Hot water temperature (in/out) °C 60/80 60/80 60/80 60/80 60/90 60/90 69/94
Thermal power to hot water circuit kW 2664 3117 4081 5313 7834 9601 13610
Hot water temperature (in/out) °F 140/176 140/176 140/176 140/176 140/194 140/194 156/201
Thermal power to hot water circuit MMBtu/hr 9.09 10.64 13.92 18.13 26.73 32.76 46.44
PERFORMANCE
Gross active electric power kW 643 739 1016 1339 1863 2304 3083
Gross electric efficiency 19.3% 19.0% 19.8% 19.9% 19.0% 19.2% 18.4%
Captive power consumption kW 32 37 48 58 79 97 179
Net active electric power kW 611 702 968 1281 1784 2207 2904
Net electric efficiency 18.3% 18.0% 18.8% 19.1% 18.2% 18.4% 17.3%
Electric generator® 50Hz, 400V 50Hz, 400V 50Hz, 400V 50Hz, 400V 50Hz, 660V 50Hz, 660V 50Hz, 6kV

60Hz, 480V 60Hz, 480V 60Hz, 480V 60Hz, 480V 60Hz, 4160V 60Hz, 4160V 60Hz, 4160V
Plant size Single Skid Single Skid Multiple Skid Multiple Skid Multiple Skid Multiple Skid Multiple Skid
Biomass consumption** kg/h 1606 1873 2471 3228 4707 5779 8077
Typical delivery times (FCA) 9-11 9-11 9-11 9-11 9-11 9-11 11-13
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HRS T High electrical efficiency units
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HRS for electricity generation and cogeneration from biomass

[28 =Y
The Turboden HRS turbogenerators gurantee a high total electrical efficiency:
24% of the termal power to the ORC
3 -
100% :
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Gross Performance of the Turboden HRS Modules at Various Condensation Water Temperatures
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Water outlet temperature from condenser (°C)

TURBODEN

16



k-

HRS T High electrical efficiency units
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9 * Turboden CHP and HRS ORC units can also be fed with saturated vapor.
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HRS T High electrical efficiency units
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