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Turboden is an Italian firm and a global leader in the design, manufacture, and maintenance of Organic Rankine
Cycle (ORC) systems, highly suitable for distributed generation, which produce electric and thermal power exploiting

multiple sources.
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GLOBAL AND PROVEN EXPERIENCE  p—_T

MITSUBISHI

HEAVY INDUSTRIES

51% share-holder

Head-quarter

400+ plants ,
50 countries |
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GLOBAL AND PROVEN EXPERIENCE

*,

GEOTHERMAL
* ‘ 16 units, 119 MWe

BIOMASS WASTE HEAT
322 units, 446 MWe \ . 35 units, 86 MWe
{ als
. clean energy ahead 1
.@1 | TURBODEN
OIL & GAS

GAS EXPANDER

2 units, 1.3 MWe 5 units, 37 MWe

HIGH
WASTE TO TEMPERATURE
ENERGY COGENERATION
24 units, 65 MWe 2 units, 2 MWe

Company profile
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TURBODEN

Experience in over

50

countries

With

400+

installations

Electric power generated

25 thousand

GWh

Cumulative operation time

19 million

hours

Last update: November 2021
*including two hybrid power plants
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OUR PRODUCTS 2

ORCSYSTEM LARGE HEAT PUMP GAS EXPANDER
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Designed for decarbonisation.

— O Company profile
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LARGE HEAT PUMP SR

LOW-PRESSURE
COMPRESSOR SKID

CONDENSER

EVAPORATOR

Lower temp. Heat

ELECTRICITY

HIGH-PRESSURE
COMPRESSOR SKID

LHP = Large Heat Pump

Large Heat Pumps are utility-scale heating plants that allow to transfer large quantities of heat from a
colder source, like groundwater or waste heat, to a higher temperature heat user, like steam/hot water
for industrial process.
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EXAMPLES... 2

h @ Low enthalpy
ﬁ exhaust gas

Lower temp. Heat

Low Pressure Steam

ELECTRICITY
(0,5 -5 bar)

Renewable energy on-site
(solar, wind, excess power)

Pressurized water
100-160°C

Grid
-/ / (when RE is off or when electricity

' has a lower price)




TURBODEN LARGE HEAT PUMPS

clean energy ahead&

TURBODEN

Large Heat Pumps (LHP) are utility-scale heating plants that allow to transfer large quantities of heat from a colder source to a higher
temperature heat user, like a district heating network or an industrial process.

Highly efficient

Electrically driven based on turbo compressor technology

Large-scale
Output from 3 MWth to 30 MWth per single unit

High lift

Up to more than 100°C, possible thanks to custom design

High temperature
Output up to 200°C with the possibility to generate steam

7| &5

Environment-friendly
Experience with 10+ different working fluids with low GWP and low ODP

GWP: Global Warming Potential
ODP: Ozone Depletion Potential
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DISCLAIMER NOTE: data provided herein are not binding and might change due to commercial purpose.

EXAMPLE :

_ '
| =) o

FOOD COMPANY (TODAY) S
45°C POWER
FOOD COMPANY 55°C COOLING

| | WASTE HEAT
—
(COOLING SIDE) TOWERS

HEAT LOSS & T

CO, EMISS/IONS A
90°C
I BOILER 135°C FOOD COMPANY
5,9 MW (PASTEURIZATION SIDE)

8 ton/h steam 2,2 barg
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DISCLAIMER NOTE: data provided herein are not binding and might change due to commercial purpose.

EXAMPLE : FOOD COMPANY WITH LHP

FOOD COMPANY
(COOLING SIDE)

55°C | ‘ 50°C

HEAT LOSS &
CO, EMISS[pNS A

NATURAL

< N
BOILER\

135°C
9 MW

1,9 MW

T_

clean energy aheadc

WASTE HEAT

rC— — 1

POWER (40% lower)

| =) | =

COOLING TOWERS

POWER

FOOD COMPANY
(PASTEURIZATION SIDE)

8 ton/h steam 2,2 barg
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CASE STUDY: CHEMICAL PLANT 2 —

EX ANTE CONFIGURATION EXPOST WITH LARGE HEAT PUMP

WASTE HEAT
COOLER
50°C 50°C
POWER
> - >
PRODUCT FEED 65°C o o PRODUCT FEED 65°C
ﬁ .
COOLING
TOWERS
CONCENTRATED CONCENTRATED
PRODUCT With Heat PRODUCT
Pump
POWER
ﬁ
HEAT LOSS &

LARGE HEAT PUMP
COP ~ 29

CO, EMISSIONS

STEAM 120°C |1|

FOSSIL
| = FUEL

‘ > >)

WATER RE-BOILER WATER RE-BOILER

STEAM 120°C

— 12
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CASE STUDY: PLASTIC REFORMING PLANT 2 J——

EX ANTE CONFIGURATION EX POST WITH LARGE HEAT PUMP

105°C 105°C

WASTE HEAT e 14 I 1 WASTE HEAT
HOT J—T-t. HOT 75°C
EXHAUST 35°C POWER EXHAUST 35°C
MIXTURE o MIXTURE POWER
> > -
30°C o—n 30°C oo
<5 COLD COOLING e cOLD COOLING
EXHALST TOWERS oD TOWERS
MIXTURE v MIXTURE
With Heat
Pump
POWER
HEAT LOSS & ¢
CO, EMISSIONS
|1| LARGE HEAT PUMP
STEAM 130°C PLASTIC I STEAN 1307 PLASTIC
FDSSIL_._ PRODUCTION PRODUCTION
FUEL PROCESS PROCESS
BOILER
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EXAMPLE: CHEMICAL PLANT

clean energy aheadc

TURBODEN

The low-grade heat that needs to be dissipated to cool a distillation column (N.1) can feed a LHP and therefore be used

to displace other sources of higher-temperature heat in

[ A
CONDENSER
Y DISTILLATION
COLUMN N°1
90°C e
95°C m—p

another distillation column (N.2).

DISTILLATION
COLUMN N° 2

<

4'— REBOILER
<—110°C

1M1°C

Steam generation

LARGE HEAT PUMP
COP: 3.6

= COP tends to be lower due to higher lift, hence more challenging.

= May require special (more costly) materials.
14

* Year-round (potentially >8,000 hrs,, /y) waste heat valorisation thanks to internal re-use.
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CASE STUDY: INDUSTRIAL PARK ] TURBODEN

EXANTE CONFIGURATION EXPOST WITH LARGE HEAT PUMP
WASTE HEAT | | WESPEELT

30°C POWER
[Te E S 2
>
INDUSTRIAL SITE «A»  35°C ;OLIN':('; INDUSTRIAL SITE «A» 1 ‘ = —
COOLING
TOWERS TOWERS
With Heat
<— POWER

Pump

LARGE HEAT PUMP
COP~3

H &
CO%NS & 110°C ‘ 75°C
>

HEAT LOSS &
CO, EMISSIONS

75°C
FOSSIL — ><
= BoiLerR  110°C INDUSTRIAL SITE «B» R INDUSTRIAL SITE «B»
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TURBODEN

EU HEATLEAP PROJECT

The HEATLEAP project aims to demonstrate the environmental and economic benefits of waste heat recovery
systems such as large heat pumps and gas expanders in energy intensive industries by testing these

technologies at real scale. The project is funded under the LIFE programme (EU’s funding instrument for the
environment and climate action).

The ultimate goals of this project are the valorization of waste heat streams converting into useful heat for
district heating (through an innovative Large Heat Pump) and the recovery of waste heat from decompression
of natural gas from the grid to generate electricity (through Gas Expander).

N\ " - Benefits
HEATLEAP |

N — - 1o P .

Energy efficiency Emissions Energy bills Industry more Surrounding districts
goes up go down go down competitive enjoy sustainable heat

www.heatleap-project.eu
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REFERENCE CASE: ORI MARTIN STEELWORKS  nparieap B ruriiie
N
PROJECT DESCRIPTION LHP TECHNICAL FEATURES
* Upto 85% additional heat recovered from steelmaking Due to the project characteristics, here below the main technical
production process features of LHP:
* Heat source: low temperature heat from EAF secondary cooling = 6 MWth design heat output
water circuit.
= QOutput temperature up to 120°C
= Heat user: DH network that requires variable temperature _ _ _ _
between 85°C and 120°C. = Full integration with DH network. Control system designed to be
highly flexible depending on:
*  LHP design output temperature 95°C with the possibility to .

DH network operating temperature

operate from 85°C to 120°C.

= Steam production boiler heat production

= High flexibility with 2 compression stages and variable frequency
driver (due to a very variable process)
PROJECT BENEFITS . :
= High speed centrifugal compressor

Avoided waste heat to environment = Working fluid: Low GWP HFO, R1233ZD

Power saving for cooling system

Carbon footprint reduction

DN N NN

Avoided heat loss from traditional boiler

Copyright © — Turboden S.p.A. All rights reserved



REFERENCE CASE: ORI MARTIN STEELWORKS e

HEATLEAP 2 TURBOBER

—v

Heat from the cooling of the steelmaking process can be upgraded through a LHP and used for district heating instead of being wasted,

i.e. dissipated through cooling towers.

Steam production system is 1
WASTE HEAT fluctuating depending on STEAM FILTER CHIMNEY
ml steel production process PRODUCTION
BOILER
POWER
h
= = POWER A
COOLING
TOWERS
| ] 70°C 120°C PO LN
> g s —
- / > < Yy -A- -
_—— 75°C 65°C S PP N
SECONDARY CIRCUIT - = N3
ELECTRIC LARGE HEAT PUMP
ARC 1 COP-~8.2
FURNACE ,ﬂ | o DISTRICT HEATING NETWORK
Cooling water LHP is designed to ‘ DONE M DH network operating / "i>'
circuit has a cover all the TURBODEN temperature ranges \s q) a2a
constant operation operating conditions. between 85 and 120°C. o
18
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