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Turboden is a leading European company in development and production of ORC
(Organic Rankine Cycle) turbogenerators. This state-of-the-art equipment generates heat
and power from renewable sources and heat recovery in industrial processes.

The company was founded in 1980 in Milan by Mario Gaia, Associate Professor at
Politecnico di Milano, teaching Thermodynamics, Renewable Energy and specifically
studying ORC systems. At present Prof. Gaia is Honorary Chairman. A number of his
former students are key persons in the Company and the whole Company is permeated
by innovative and research oriented spirit.

Turboden has always had a single mission: to design ORC turbogenerators for the
production of heat and electrical power from renewable sources, while constantly striving
to implement ORC technical solutions.

In 2009, Turboden became part of UTC Corp., a worldwide leader in development,
production and service for aero engines, aerospace drive systems and power generation
gas turbines, to develop ORC solutions from renewable sources and waste heat
worldwide.

In 2013 UTC exits the power market forming strategic alliance with Mitsubishi Heavy
Industries.

In 2013 Mitsubishi Heavy Industries acquires from UTC Pratt & Whitney Power
Systems (now PW Power Systems, Inc.) and the affiliate Turboden.

Today Turboden S.r.I. and PW Power Systems, Inc. are MHI group companies to provide a
wider range of products and services for thermal power generation systems.

In 2013 Turboden’s Quality Management System gets certified to 1ISO ®
9001:2008. 150 9001
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35 Years of Experience

| . Prof. Mario Gaia makes experience in . Turboden installs ORC biomass plants, l. 2013 - MHI acquires the
l the field of ORC within his research | especially in Austria, Germany and ltaly I majority of Turboden. Italian
group at Politecnico di Milano quotaholdersstay incharge of o0 o oesn
1l I - Turboden plans to enter new markets, with | management HERVY INDUSTRIES, LTD.
» 1976 — First prototype of a solar focus on North America
I thermodynamic ORC I I U Today - Over 300 ORC plants in

« First heat recovery applications the world, over 240 in operation

| * 1980 — Prof. Mario Gaia founds Turboden
to design and manufacture ORC
I turbogenerators

» 2009 — Turboden achieves 100 plants sold

* United Technologies Corp. (UTC) acquires the

I majority of Turboden’s quota. PW Power Systems
 Turboden develops research projects in supports Turboden in new markets beyond Europe

solar, geothermal and heat recovery

applications

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

» UTC exits the power market forming strategic
alliance with Mitsubishi Heavy Industries

» 1998 — First ORC biomass plant in
| switzerland (300 kw)

* PW Power Systems becomes an MHI group
company
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35 Years of Experience
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1984 — 40 kW, ORC
turbo-generator for a solar
plant in Australia

1987 — 3 kW, ORC turbo-
generator for a biomass
plant in Italy

1988 — 200 kW, ORC
geothermal plant in
Zambia

2008 — 3 MW, ORC
turbo-generator for heat
recovery on a waste
incinerator in Belgium

2009 — First 100 plants
and first installed 100

- MW

2010 — First plant
overseas

2016 — Over 300 ORC
plants in the world

a group company of A MITSUBISHI HEAVY INDUSTRIES, LTD.



Turboden — a Group Company of MHI

' ’/Iachinery, Equipment
& Infrastructure
Providing a wide range of
products that form the foundation
of industrial development,
such as machine tools, material
handling, construction machinery,
air-conditioning and
refrigeration systems.

HEAVY INDUSTRIES,

®
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Energy & Environment

the largest segment of MHI
over $13 billion (in fiscal 2014)

Mitsubishi Heavy Industries
is one of the world's leading

heavy machinery
manufacturers, with
consolidated sales of over $33

billion (in fiscal 2014).

Foundation July 7, 1884

Copyright © — Turboden S.r.I. All rights reserved
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What We Do

Biomass

Heat recovery

M‘ electricity
Il heat

1

Turboden designs, develops and maintains turbogenerators based on the Organic
Geothermal Rankine Cycle (ORC), a technology for the combined generation of electric power

m and heat from various renewable sources, particularly suitable for distributed

generation.
Solar

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

» Turboden solutions from 200 kW to 15 MW electric per single unit
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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.

clean energy ahead
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Why High Molecular Mass Working Fluid Instead of Water?

~

e —.

/WATER HIGH MOLECULAR MASS FLUID

\ J \_ J

Water Organic Fluid

»  Small, fast moving molecules »  Very large flow rate

>  Metal parts and blade erosion »  Larger diameter turbine

»  Multistage turbine and high mechanical stress »  No wear of blades and metal parts

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

clean energy aheadu

TURBODEN

4 group company of ‘s MITSUBISHI HEAVY INDUSTRIES, LTD. 8




Advantages of Turboden ORC Turbogenerators

Copyright © — Turboden S.r.l. All rights reserved
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Technical advantages

U High cycle efficiency

O 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

Operational advantages / results

O Simple start-stop procedures

O Automatic and continuous operation

O No operator attendance needed

O Quiet operation

U High Availability

U Partial load operation down to 10% of nominal power
U High efficiency even at partial load

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

U Long life

a group company of '\ MITSUBISHI HEAVY INDUSTRIES, LTD.



Layout — Some Examples

TURBODEN 7 layout

Copyright © — Turboden S.r.l. All rights reserved
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Turboden ORC Plants in the World
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*Hybrid Heat Recovery and Solar Thermal Power plant




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 200 kW and 15 MW electric.

clean energy ahead
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ORC Plant — Performances
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100 %

Thermal power
from thermal oil
(or other heat
carrier)

80to 73%

Thermal power to
heat users

B 18to 25%  Gross electric power

- 2% Thermallosses (insulation and
generator losses)
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» Gross electric efficiency: up to 25%

» Overall energy efficiency: 98%

a group company of A MITSUBISHI HEAVY INDUSTRIES, LTD.
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ORC Plant in a Process of Cogeneration from Biomass
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Combined Heat & Power (CHP) with Split system
Standard Sizes and Typical Performances

TURBODEN 6 CHP ‘ TURBODEN 7 CHP ’ TURBODEN 10 CHP ‘ TURBODEN 14 CHP ‘ TURBODEN 18 CHP \ TURBODEN 22 CHP ‘ TURBODEN 26 CHP ’ TURBODEN 28 CHP

Thermal power input "HT* loop

Thermal power input "LT* loop

Nominal temperature "HT" loop (iv/out) — °F 594/486 594/486 590/482 590/482 594/486 588/480 590/482 590/473

. Thermal power input "HT" loop MMBtuhr 10.43 12.19 15.99 20.92 30.49 37.45 44.15 48.76
= Nominal temperature "LT" loop (infout) ~ °F 486/270 486/270 482/266 482/266 486/270 480/266 482/273 473/266

(0]

3 Thermal power input “LT" loop MMBtu/ir 0.96 1.15 1.54 2.00 292 357 4.17 473

2 Overall thermal power input MMBtu/tr 11.06 13.02 17.52 22.91 3341 41.01 48.37 53.53

2 OUTPUT - Hot Water »

< *
& Thermal power to hot water circuit KW 2689 3146 4095 5341 7843 9598 11589 12908

5 Hot water temperature (in/out F 140/176 140/176 140/176 140/176 140/194 140/194 140/194 142/196

2 Thermal power to hot water circuit MMBtu/hr 9.18 10.73 13.97 1822 26,76 3275 39.51 44.04

= PERFORMANCES

|

. ; : o % ‘ : _

2 _

O Net active electric power

st e i i

1459 1708 2244 2935

50Hz, 660V 50Hz, 660V 50Hz, 6kV 50Hz, 6kV
60Hz, 4160V 60Hz, 4160V 60Hz, 4160V 60Hz, 4160V

Biomass consumption** 4279 5253 6194 6857

kg/h

© *The Turboden split system allows maximisation of electric power production for a given biomass consumption.
clean energy ahead

** Induction or synchronous, medium voltage available upon request. If reduction gear is required,
T U R B o D E N electric power is reduced of about 1.5%.

***Assuming a low heating 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.

agroup company of #'s MITSUBISHI HEAVY INDUSTRIES, LTD. i) VIR NOTE: Data provided herein are not binding and might change without prior notice. 15




Combined Heat & Power (CHP)
Standard Sizes and Typical Performances

TURBODEN 6CHP  TURBODEN7CHP  TURBODEN 10CHP = TURBODEN 14CHP = TURBODEN 18 CHP = TURBODEN 22CHP | TURBODEN 30 CHP
INPUT - Thermal Oil
Nominaltemperature HT" boop (wut)  °C S2per  S2pe 0240 0240 3020 Mo0 s
Overall thermal power input KW 3340 3895 5140 6715 9790 12020 17571
Nominal temperature “HT" loop (iout) ~ °F 576/468 576/468 572/464 572/464 572/464 572/464 590/448
Overall thermal power input MMBtwhr 11.4 13.29 17.54 2291 334 41.01 59.95
OUTPUT - Hot Water
Hotwatertempertve(now)  °C 6080 600 GUB0  GDB0  60% 600 65
- Thermal power to hot water circut KW 2664 3117 4081 5313 7834 9601 14499
% Hot water temperatue (in/out) F 140/176 140/176 140/176 140/176 140/194 140/194 149/203
4 Thermal power to hot water circuit MMBtuhr 9.09 10.64 13.92 18.13 26.73 32.76 49.47
% PERFORMANCES
T | cossmmeoteons S DT S R A Y S
R e o Y A ASETE . W 2
5 4 sy | wimy | SMON wewy | geom | s | G
=[S o e | wm | an | am  aw | am
(o]
O

®
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* Induction or synchronous, medium voltage available upon request. If reduction gear is required,

electric power is reduced of about 1.5%.

*“*Assuming a low heating value of biomass = 2.6 kWh/kg and hoiler efficiency = 0.80.
The thermal oil boiler is not included in the Turboden scope of supply.

DISCLAIMER NOTE: Data provided herein are not binding and might change without prior notice.
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Turboden 200/300 kW Units
Typical Performances

TURBODEN 2 TURBODEN 3 TURBODEN 3 CHP
Dual mode* Dual mode*
THERMAL INPUT Saturated steam Saturated steam Saturated steam Saturated steam Thermal Oil
~16 bar(a) ~26 bar(a) ~23 bar(a) ~30 bar(a)
Max electric CHP mode Max electric CHP mode 80 °C water output 90 °C water output
efficiency mode efficiency mode

Water condensate / Thermal Oil outlet %

181

209

201

216

221

227

temperature “HT” Loop {out)

Heat source flow rate™ th
Saturated steam / Thermal Oil infet i
temperature “HT" Loop (in)

Water condensate / Thermal Oif outlet %
temperature "HT" Loop (out)

Overall thermal power input MMBtuw/hr
Heat source flow rate™ /min

THERMAL OUTPUT - Hot water

Thermal power to the cooling water circuit kW

Hot water temperature (in/out) F
Thermal power to the cooling water circuit ~ MMBtw/nr
PERFORMANCES

Captive consumption

Gross electric efficiency

Biomass consumption**

22
392

358

4.21

3.1
439

408

5.54
114

1402
167/203
4.78

3.2
428

1380
95/131
471

3.8
453

421

1647
131/167
5.62

30.2
590

437

6.21
309

1491
140/176
5.09

324
590

441

6.26
331

1505
167/194
513

* Dual mode: the same ORC module (fed with saturated steam) can be operated either in “max electric efficiency”

®
clean energy ahead
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mode or in “CHP” mode.

** In case of thermal oil the flow rate was calculated assuming “Therminol 66” properties.
*** Assuming a low heating value of biomass = 2.6 kWh/kg and a boiler efficiency = 0.85.
DISCLAIMER NOTE: Data provided herein are not binding and might change without prior notice.
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HRS — High Electrical Efficiency Units
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(%) Value of gross electrical efficiency calculated 26% Design ?Dmt
as the ratio of electric power output at generator = 2% ==k
terminals to the thermalpower input to the ORC = P~
g . L 22%
at the design point =l ‘.'(\(
T 2%
[<+]
2
..‘S 18%
D
T 16%
g 14%
&)

HRS for electricity generation and cogeneration from biomass

The Turboden HRS turbogenerators gurantee a high total electrical efficiency:
24% of the termal power to the ORC

100%

thermal
Power from
Thermal Oil

Power Grid
Low-Temperature Heat

Thermal Losses

Gross Performance of the Turboden HRS Modules at Various Condensation Water Temperatures

15 20 25 30 35 40 45 50 55 60 65

Water outlet temperature from condenser (°C)

a group company of d\ MITSUBISHI HEAVY INDUSTRIES, LTD.
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HRS — High Electrical Efficiency Units

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

4 ELECTRIC POWER OUTPUT N
A TV \ \
— &
e
w
BIOMASS POWERED BOILER | -~
SAWDIUST, WDOD CHIPS, BARK, RICE HUSKS, DRIED " ‘
SEWAGE, SLUDGE, STRAW, ETC) LOW TEMPERATURE
THERMAL OIL LOOP —>—
> 2> | TEMPERATURE
== HEAT USERS
= - -
HIGH TEMPERATURE ]
THERMAL OIL LOOP RS B
>
Q * Turboden CHP and HRS ORC units can also be fed with saturated vapor. -
clean energy ahead
4 group company of ' MITSUBISHI HEAVY INDUSTRIES, LTD. 19



HRS — High Electrical Efficiency Units

TURBODEN 12 HRS - 1MW TURBODEN 12 HRS TURBODEN 24 HRS TURBODEN 32 HRS
withsplit | withoutsplit | withsplit* withoutsplit | withsplit | without spiit with split* | without split

Thermal power input "HT" loop

Thermal power input "LT" loop

Nominal temperature “HT" loop (in/out) °F 581/408 581/399 581/410 581/403 419/275 4 419/275 -
Thermal power input "HT" loop MMBtu/hr 13.02 13.08 15.09 16.44 30.17 32.87 40.01 44.61
Nominal temperature LT loop (in/out) F 408/266 - 410/266 - 419/275 £ 419/275 =
Thermal gower input “LT" loop MMBtu/hr 1.15 ~ 1.34 = 268 7 362 =
Overall thermal power input MMBtuw/hr 14.18 13.80 16.44 16.44 3287 3287 44,61 44.61
OUTPUT - Cooling Water

Thermal power to the cooling water circuit KW 3151 3040 3662 3632 7256 7310 9977 9897
Cooling water temperature (in/out) F 77/95 77/95 77/95 77/95 75/99 75/99 77/104 77/104
Thermal power to the cooling water circuit MMBtu/hr 10.75 10.37 125 12.39 2476 24.94 34.04 33.77
PERFORMANCES

e o v e | me s aw

suuz. 40(W
GOHz.

Gross electric efficiency 24.1% 24.7% 24.0%

23.6% 24.2% 238% | 244%

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

Electric generator™ 50Hz, 400V 50Hz, 660V ‘ 50Hz, 660V 50Hz, 6KV ‘ 50Hz, 6KV

GOHZ, 480V 60Hz, 4160V 60Hz, 4160V 60Hz, 4160V 60Hz, 4160V
—— on e | e as mw | en | s | ems
Typical delivery time (EXW) Months 9-11 9-11 9-11 9-11 9-11 9-11 11-13 11-13

*The Turboden split system allows maximisation of electric power production for a given biomass consumption.

** Induction or synchronous, medium voltage available upon request. If reduction gear is required, electric power is reduced
« Ofabout1.5%.

*** Assuming a low heating value of biomass = 2.6 kWh/kg and boiler efficiency = 0.88 in case of ORC with split, = 0.80 in case
clean energy ahead o 0 o e thormai ol blle s not included in he Turboden Scops of SUpply

T U R B o D E N **** Assuming design solar radiation = 800 W/m2, design solar collector efficiency = 0.6 and solar multiple = 1.2.
The Solar field is not included in the Turboden scope of supply.

For heat recovery applications direct heat exchange can be available.
4 group company of #'s MITSUBISHI HEAVY INDUSTRIES, LY,  DISCLAIMER NOTE: Data provided herein are not binding and might change without prior notice. 20




HRS — High Electrical Efficiency Units

TURBODEN 110 HRS

TURBODEN 50-110 HRS TURBODEN 55 HRS TURBODEN 65 HRS
Range of Operation Range Case Range Case
INPUT - Thermal Oil
Terma Ot outet o 170-20 L w | w
Thermal Oil inlet temperature °F 572 - 608 599
Thermal Oil outlet temperature v 356 - 392 374
Overall thermal power input MMBtu/hr 61.4-136.5 68.3

OUTPUT - Cooling System (1)

Design coolng sytem temperature 2 0-40 T .. A

Design cooling system temperature (2) 32-104 77/95
Thermal power to the cooling system MMBtu/hr 444-102.4 48.6 64.7
PERFORMANCES

Gross electric efficiency

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

97.7

26.3%
Net active output 10000
gener 50Hz, 6kV
Netsola: collector surface (6) m? 98900
{5 ooty f ot sk hspaon oo, posily o G 7000 (Wi ot i enerabon &L ORC condrsn.

(2) IN/OUT water temperatures for water cooling.
(3) Including working fluid pump and auxiliaries consumptions. Excluding heat dissipation system and thermal oil circulation consumptions.

(4) Electric efficiency depends on several factors, primarely Heat and Cooling Source Temperatures and thermal media. Our sales specialists will support you to
%mseomsolubor)\s, evaluating specific heat source features (thermal oil, steam, pressurized water, exhaust gas) and cooling devices (dry/wet water loops,
@ CHP air condensing).

clean energy ahead  (5)Assuming alow heating value of biomass = 2.6 kWivkg and boiler efficiency = 0.80. The thermal oil boiler is not included in the Turboden scope of supply.

(6) Assuming design solar radiation = 800 W/m2, design solar collector efficiency = 0.6 and solar multiple = 1.2.

T U R B o D E N TheSolarﬂeldnsmtmdudedinheTumodenscope supply.
(7)Delwegm|sdefnedamemmnundomgmsmngspeaﬂcpmjedfeaMM(e.g.mmnaMdeumwmprudwﬁmlnadaxme
moment r.

For heat recovery applications direct heat exchange can be available.

of #'s MITSUBISHI HEAVY INDUSTRIES, LTD.
ISR DISCLAIMER NOTE: Data provided herein are not binding and might change without prior notice.
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Biomass — Fuels & Applications

Copyright © — Turboden S.r.l. All rights reserved
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Fuels

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

O Other biomass: dried sewage sludge, green cuttings, rice husk,
vinasse and vine cuttings, wood industry waste material etc ...

4  Waste material

Heat Consumers

District Heating networks

Timber drying in sawmills

Sawdust drying in wood pellet factories
MDF/PB Producers

Refrigeration

Greenhouses

O U000 0QDO

Wine industry

a group company of '\ MITSUBISHI HEAVY INDUSTRIES, LTD.
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District Heating Networks

Copyright © — Turboden S.r.l. All rights reserved
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BIOMASS
WITHOUT ORC | BIOMASS |—> POWERED |€— .
BOILER o
hot
water HEAT
USER
Electric
power
Thermal
BIOMASS oil
WITH ORC | BIOMASS > POWERED
BOILER cold
water
hot
water L___ 5 HEAT
USER
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Sawmills

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

Electric

power

Thermal

BIOMASS il
POWERED
BOILER

bark sawdust

TRUNKS —>| SELECTION

BARKING

PROCESSING
1

\ 4

PRODUCT <—— PACKAGING

= - ==
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I
'z hot
water

-4 DRYING | €——
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Wood Pellet Production

Copyright © — Turboden S.r.l. All rights reserved
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Thermal Electric
.| BIOMASS oil power
1 POWERED
BOILER cold
water
hot
water
TRUNKS =>! BARKING [ CHIPPING > MILLING Suitable v
granulometry
UR 40%
—> [ BELT DRYER
SELECTION/
> SORTING UR < 13%
PELLET -
READY TO BE AIR COOLING/ | Pellet PELLET gléligg-ngﬁ//
PACKAGED DEDUSTING MAKING PRESS < REFINING

a group company of "‘ MITSUBISHI HEAVY INDUSTRIES, LTD.
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MDF Production

1,45 MWE'//’t tM\ 7,7 MWth

— ]

%;’ ORC Ei)_/é Preheating 20 thh

oil neater 2 110°C
- , 4 :6.7 MWth
Mixing = FIBER DRYER

235°C

==

-+

SN TOTH;.'zo,o MWth
L:__,.-L/ PROC-I-ESS
. ~\_ 285°C

Biomass

& 2

Copyright © — Turboden S.r.l. All rights reserved
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BIOMASS
Thermal
BIOMASS oil
POWERED
BOILER
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CCHP — Combined Cooling Heating Power

TURBODEN

[l : = “- -
ELECTRIC
POWER
cold
water
DISTRICT ﬁ
HEATING
hot
water
N
ABSORPTION COOLING
HILLER
- C SYSTEM
water

AR el QI.
5L g
USE IN
PUBLIC
__ BUILDING,
HOTEL, ...
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Greenhouses
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Wine Production
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Land yearly
upkeeping > cutting
v Grappa and Skins
Alcohol J Vinasse J
Sweet Fermented 4 Exhaust
Vinasse Vinasse DISTILLING Vinasse
[ Vine Growing ] Pressing — | Fermentation

[ Grape production ]—> Rasping | Grape stalks

a3y

Pressing J——> FermentationJ
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Turboden at a Glance
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Turboden strong points

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

: : Operations & Aftermarket
R&D Sales/marketing Design manufacturing service
« Participation in national . Pre-feasibility * Complete in-house  Outsourced « Start-up and
& EU research programs studies: evaluation of mechanical design components from commissioning
» Cooperation with EU technical & .. sProprietary design zlljghlyl/iéqu;allfled « Maintenance,
Universities and e?%nlé)énlcal feasllbm:y and own PP technical assistance
0 ower plants : :
Research Centres .p P g;réufactﬁur_mgdof * Quality assurance & to operation and
- Thermodynamic cycle  * Customized S SRUMIZS project management spare parts service
optimization proposals to il -
- - * In-house skid « Remote monitorin
. . . maximize economic  * Tools ) N\ g
» Working fluid selection & _ mounting to minimize & optimization of
: & environmental - Thermo-fluid- ) N P
testing _ site activities plant operation
- Thermo-fluid-dynamic ~ (/98tS dynamic programs
design and validation EREA
- 3D CAD-CAM

* Implementation & testing
of control/supervision
software

Vibration analysis

* Many patents obtained
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