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Turboden i 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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ﬁ HEAT (space
BIOMASS, WOOD heating or

air coolers)

TURBODEN UNIT

GEOTHERMAL

U standard size Turbogenerators : from 200 kW to 2,5 MW

U customized products: up to 10 MW
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Turboden - 30 Years of Experience
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1984: A 40 kW, ORC turbogenerator for a 1987: A 3 kW, CHP biomass ORC turbo-
solar application in Perth, Australia generator plant in Milan
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2008: A 3 MW, ORC turbogenerator for waste heat in Belgium

Copyright © 1 Turboden S.r.I. All rights reserved




The Turboden ORC Turbogenerator

ORC is an
outstanding
technology for
distributed
production of
combined heat and
power from various
renewable energy
sources
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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 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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HIGH MOLECULAR MASS FLUID

WATER
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Advantages of Turboden ORC Turbogenerators

Technical advantages
U High cycle efficiency
U Very high turbine efficiency (up to 90%)

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

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

U No erosion of blades, thanks to the
absence of moisture in the vapor nozzles
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Operational advantages / results
Simple start-stop procedures
Automatic and continuous operation
No operator attendance needed
Quiet operation

High Availability (Admont i over 50,000
hours of operation, availability > 98%)

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
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Layout T Some Examples
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TURBODEN 7 layout

TURBODEN 18 layout
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Turboden ORC at a Glance
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Turboden ORC at a Glance

TURBODEN ORC UNITS
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ORC Applications

Geothermal

Biomass

Heat Recovery m

Solar Thermodynamic Conversion
(CSA)
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ORC Applications - Biomass

Biomass Heat Recovery Geothermal Solar Thermodynamic

Biomass

Cogeneration plants with Turboden ORC can produce heat and
electrical power from wood biomass with high efficiency and
user friendly operation. The generated power usually ranges
between 200 kW and 2.5 MW electric.

Today Turboden is the world leader in this application.
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ORC Plant in a Process of Co-generation from Biomass
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ORC Plants i Perfomances
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U Net electric efficiency: quite 20%

U Overall energy efficiency: 98%
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Combined Heat & Power (CHP) with Split System -
Standard Sizes and Typical Performances

Combined Heat & Power (CHP) with split - Standard Sizes and typical performances™
1 TURBODEN4 | TURBODEN6 | TURBODEN7 | TURBODEN 10 | TURBODEN 14 | TURBODEN 18 | TURBODEN 22
CHP - spiit CHP - spiit__| CHP - spiit CHP - spiit CHP - split CHP - split | CHP - sp

°C  310/250 310/250 310/250 310/250 310/250 312/252 312/252

INPUT - thermal oil
nominal temperature "HT"

loop (in/out)

mmumnmmw KW 2100 2065 3485 4690 6130 8935 10975

nominal temperature "LT"
loop (infout) P °C 250130 2501130 2501130 250/130 2501130 2521132 252/132

Tl W 2w 275 30 450 585 855 1045

KW 2300 3240 3815 5140 6715 979 12020
| | R | O | RO | —
6080 6080 60/80 60/80 60/90 60/%0

water temperature (infout) JS(CEENG 1Y)

kW 1844 2600 3060 4100 5350 7850 9630
woe e om o w w o
gross electric efficiency 0.184 0.19 0.191 0.194 0.1% 0.19 0.189
captive power consumption A/} 30 38 51 62 87 107
net active electric power kW 400 587 689 950 1255 1775 2175

0174 o161 0181 0184 0188 o8t 0181

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

asynchronous  asynchronous  asynchronous asynchronous asynchronous asynchronous  asynchronous
electrical generator triphase LV, 400V triphase LV.400V triphase LV, 400v triphase LV. 400V triphase LV, 400v triphase LV, 660V triphase LV. 660
plant size single skid single skid single skid single skid multiple sidd multiple skid multiple sidd
biomass consumption** kgh 1005 1416 1667 2247 2935 4279 5254
* The Turboden split system allows maximising electric power production for a given biomass consumption,
\\ ** Assuming a low heat value of biomass = 2,6 KWh/kg and boiler efficiency = 0,88 , The thermal oil boiler is not included in the Turboden scope of supply. J
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Biomass T Fuels & Applications

¢ Biomass

Fuels

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

C Other biomass: dried sewage
sludge, straw, green cuttings,
rice husk, etc.

C Waste material

-
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Heat Consumers
Timber drying in sawmills

Saw dust drying in wood
pellet factories

Air pre-heating in MDF
industry

District Heating networks
Refrigeration

Greenhouses

Copyright © 1 Turboden S.r.I. All rights reserved
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ORC Application in Sawmills
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CHP Applications: Wood Pellet Production with ORC

Biomass
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CHP 1 District Heating Networks
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HRS 1 High electrical efficiency units

HRS for electricity generation and cogeneration from biomass

~

The turbogenerators Turboden HRS guarantee
a high total electrical efficiency: 24% * of the
thermal power to the ORC

Low temperature
heat

Power grid

Thermal losses

B J

26% ‘ . 2 |
g 2% ‘ : ‘ Gross performance of the
g o ‘ ‘ ' : Turboden HRS modules
g 20% ‘ } \ \ >\ at various condensation
% 18% || || water temperatures
S 16% ‘ [ ‘ 1 [
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HRS 1 High electrical efficiency units

ELECTRIC POWER OUTPUT AIR COOLER
[l

-

g
2
LOW TEMPERATURE <
HEAT-CONSUMERS =
(92}
LOW TEMPERATURE Y 5
BIOMASS POWERED THERMAL OIL LOOP 3
BOILER woop cHIPS, -
SAW DUST, BARK...) } =
4 < c
‘J ) HIGH TEMPERATURE =)
) Y THERMAL OIL LOOP 2
B
(greenhouses,
termalbaths,
swimming pools)
clean esergy abead TURBODEN 12 and 24 HRS for BIOMASS application

TURBODEN

21



HRS 1 High electrical efficiency units

HRS for biomass application - Standard Sizes and typical performances

INPUT - Thermal oil

Nominal temperature "HT" loop (in/out) °C
Thermal power input "HT" loop kW
Nominal temperature "LT" loop (in/out) e
Thermal power input “LT" loop kW
Operation in summertime kW
OUTPUT - Cooling water

Cooling water temperature (in/out) °C
Overall thermal power input kW
PERFORMANCE

Gross electric power kW
Gross electric efficiency

Captive power consumption kW
Net active electric power output kW

Net electric efficiency

Electrical generator

Plant size
Biomass consumption™* kg/h

Pel=1000 kW
standard
conditions

315/220
3840
220/95
340
4180

25/35
3115

1000
23,9%
34
966
23,1%

asynchronous

triphase L.V.

single skid
1827

* The Turboden split system allows maximizing power production for a given biomass consumption
** Assuming a low heat value of biomass=2,6 kWh/kg and boiler efficiency=0,88. The thermal oil boiler is not included in the Turboden scope of supply.
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TURBODEN 12 HRS

split*

Pel=1000 kW

cogeneration mode
T O

with 60°C

315/225
4405
225/95
390
4795

50/60
3735

1000
20,8%
53
947
19,7%

asynchronous
triphase L.V.

single skid
2096

Pel=1156 kW
standard
conditions

315/220
4425
220/95
390
4815

25/35
3585

1156
24,0%
44
1112
23,1%

asynchronous
triphase M.V.

single skid
2105

TURBODEN 24 HRS
split*

Pel=2312 kW
standard
conditions

315/220
8850
220/95
785
9635

24/37
7175

2312
24,0%
88
2224
23,0%

asynchronous
triphase M.V.

multiple skid
4211

Copyright © 1 Turboden S.r.I. All rights reserved
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ORC Applications i Heat Recovery

Biomass Heat Recovery Geothermal Solar Thermodynamic

Heat Recovery

Turboden ORCs can produce electricity by recovering heat from
industrial processes and combined cycles. The power of
Turboden units in this application generally ranges between 500
kW and 5 MW electric.
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Heat Recovery from IC Engines

COOLING SYSTEM (dry / wet)
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(up to 10% additional electric power)
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HR T Applications / Energy Sources

Heat Recovery

clezn esergy akead
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C Diesel engine exhaust gas (bio oil fired, too)
C Steel, Cement, Glass ovens exhaust gas

C Gas engine exhaust gas (biogas fed, too)

C Gas turbine exhaust gas (natural gas)

C Any waste hot gas flow

Copyright © 1 Turboden S.r.I. All rights reserved
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Heat Recovery I Reference Example

Plant type: heat recovery from pressurized water boiler in waste
- Heat Recovery incinerator

Customer : MIROM
Location: Roeselare-Belgium
In operation since: 2"d quarter 2008

Heat source: hot water at 180 C (return at 140 C)
Cooling source: water/air

Total electric power: 3 MW
Net electric efficiency: 16,5%

Copyright © T Turboden S.r.I. All rights reserved
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ORC Applications i Geothermal

Biomass Heat Recovery Geothermal Solar Thermodynamic

Geothermal
Turboden ORCs can produce electricity from geothermal fluids
typically in the range 90 to 200 C.

clean esergy abead

TURBODEN

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

27



ORC Planti Geothermal

E Geothermal

Electric Power
Output

Thermal Use

(if required)

Turboden ORC unit

Geothermal He Source

~

Cooling devices:

Cooling towers

Aircondensers

/
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ORC Applications i Geothermal

“ Geothermal

clezn esergy akead
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C ORC technology is particularly suitable for the
exploitation of medium to low enthalpy sources

C No standard heat/cooling sources: highly customized
solutions

C Cost-effective plants with power output over 500 kW and
water temperature over 100-120°C

Plant type: geothermal 1 MW,

Location: Marktgemeinde Altheim,
(Austria)

In operation since: March 2001
Heat source: hot water at 106 C
Cooling source: cold water from a
nearby river

(cooling temperature 10/18 C)

Copyright © i Turboden S.r.l. All rights reserved
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Geothermal T Reference Example

Plant type: geothermal EGS (Enhanced Geothermal System)
Geothermal Location: Soultz i France
In operation since: 2" quarter 2008

Cooling source: air

Total electric power: 1.5 MW,
Net electric efficiency: 11.5%
Heat source: hot water at 180 C

g e, PR TR ) T
N <3
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Soultz plant (j.v. with Cryostar)
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