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From Components to Solutions MAN

Components

Solutions

Customized Components

Engines & Marine Systems Power Plants Turbomachinery
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We engineer systems for
deep decarbonization in sectors
that matter most
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PEM-Elektrolysis
H, will play a key role

Heat Pumps

Decarbonization of heat

Carbon Capture

Green Engines Retrofits

Solutions for

supply in industry and
households

unavoidable process
emissions and carbon

for sectors where
direct electrification is
not possible.

,,,,,,,

CO,-neutral propulsion
systems for shipping
and power generation

Decarbonization of our
customers' existing
fleets

These are the technologies we rely on to help our clients achieving the target of ‘net zero’.

MANM Enargy Solutions Public

MAN ExpertTalk - sCO2 Heat Pumps & Applications

4/4/2024




Why Heat Pumps

Global Energy Demand

Global Energy Consumption: Total 165,319 TWh (2021)

* Heat & Cooling is 50% of global energy consumption
* Heat contributes 40% of global carbon dioxide (CO2) emissions.

Global Heat Consumption: 82,659 TWh (2021)

50% of total heat produced was used for industrial processes
* 46% was consumed in buildings for space and water heating and, to a lesser extent, for
cooking
* Fossil fuels continue to dominate heat supplies
o Modern renewables (i.e. excluding the traditional use of biomass) met only
10% of global heat demand.

Decarbonisation of thermal energy segment is critical to reduce global CO2 emissions

Source: IEA — World Energy Outlook (2022) and Statista (2022)
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MAN heat-pump solutions for various industrial segments

Food & Beverages
4°C — 185°C

Pulp & Paper
120°C — 180°C

District Heating
20°C — 150°C

Industrial Processes
120°C — 280°C
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Heat Pump Technology Classification

Available large-scale heat-pumps by different compressor technologies

Sweet spot of
centrifugal compressors

T Cost/MW,,

— =
.._—_g!-_!'i o
- e
Pasenaris

=
.-

Scroll/Reciprocating

Centrifugal (inline
and radially geared)

Use Classification

<2 MW,,, Residential, small
commercial applications

5-10 MW,, Commerical
applications

>10MW,,, Industrial or very
large commercial applications

Unit power, MW,,

»
>

1 MW, 5 MW,,

I Usually, oil lubricated screws are used

Public

MAM Energy Solutions

For large unit power (>10MW) centrifugal
compressors are most cost competitive

Source: Heat pump strategy project team
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MAN-ES Portfolio Covers all Customer Use Cases

TCC, VCC, SC

Key customer Thermodynamic Covered by MAN-ES
use cases cycle Value Proposition portfolio
+  Fastresponse times and operations
*  High COPs (for Water)
*  Small Footprint
*  Able to couple sectors (heat, electric, cooling)
Hot water
production

Steam

production

Direct Steam Generation

High COPs (for Steam or Water)

Large Thermal Capacities (up to 100MWth)
Refrigerant Flexibility (Natural or Synthetic)

VCC: Vapour compression cycle; TCC: Transcritical cycle; SC Steam Compression cycle

MANM Enargy Solutions Public

Increases Steam Temperature

Increases Steam Pressure

Most competitive option to meet customers'
needs for high pressure/temperature steam

MAN ExpertTalk - sCO2 Heat Pumps & Applications

4/4/2024



No Perfect Refrigerants

POte nt|a| refl’lgerant pO I’tf0| |O Good Medium . Unfavorable 1. Only possible with low performance

2. Global warming potential
3. According to ASHRAE standards

Sustainability Safety? Technology
Flamm-  Max. Steam
GWP? Flourine Toxicity ability temp. prod. Key advantage

) Non-toxic, non-flammable,
CO2 (R744) no non fluorinated refrigerant

High performing natural

Ammonia (R717) refrigerant

Synth. Refrigerants

Safe refrigerant
(e.g., R1234ze)

Non-toxic natural refrigerant

Hydrocarbons
(no fluorine)

(e.g., Butane)

There is no “perfect” refrigerant, a balanced portfolio should cover several ones
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MAN Heat Pumps - Technical Solution Matrix

SOURCE / COOLING SINK/HOTSIDE
m MAN Energy Solutions

Future in the making

— Seawater / River / Lake Power — Hot Water 95°C
— Geothermal — Hot Water 125°C
, , 70 MW,
— Ambient Air il = — Hot Water 150°+C
we
— Waste Water / Sewage 50 MW g R - - L{"
0< i
N
— Waste Heat Recovery = 8 — Steam 1-3bar / 125°C
25 MW
— Industrial Cooling — @ — Steam 7bar / 160°C
o — Steam 25bar / 285°C
- CCS ~10 MW,,
- P2X
— Industries

MAM Energy Solutions Public MAN ExpertTalk - sCO2 Heat Pumps & Applications 4/4/2024 11



N 7
/4 F 4

=N

\ 0 = 'Y v b\ SR = » ‘
MAN ExpertTalk - sCO2 Heat Pumps & Applications . .« e Tas



Heating & Cooling with TCC Heat Pumps

Liquid CO, Supercritical CO,

HOFIM® Sensible
Compressor Heating

Supercritical CO,
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Transcritical CO, (TCC) heat-pump design

Piping and steel
structure

- ®
0 MO.tOI' Compressor HOFIM 9 TCC - Transcritical Compression Cycle
w/ integrated expander Supply temperature range: up to 150°C
9 o Return temperature range: best if < 50°C

e Condenser e Refrigerant: CO, (R744)
Min / Max Source Temperature: ~-20°C/40°C
Thermal Unit Power Range: 10MW ~>50+ MW
Compressor Types: HOFIM (RB

e Evaporator L g yP (R8)
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The heart of the system: HOFIM® with integrated expander

HOFIM®: Highspeed oil-free integrated motor compressor from MAN Energy Solutions

— Highspeed motor, barrel compressor, radial expander T -

— Cooled by process gas — heat losses reintroduced into
process

— Running on active magnetic bearings — wide operating ity
range =Ee

— No dynamic seals, no lube oil — increased reliability

- FuIIy electric — remote control MAN ES HOFIM® compressor with electrical power of up to 14MW

— Hermetically sealed — no emissions

— Overall cost optimization through reduced footprint &

weign C Fomess
- Low noise and vibrations Cwes owm o mes
— Low maintenance _ 4.9 8.8 141
— 30 years of operation with 126 references ‘Heat Power [MW] >12 >25 >40
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The heart of the system: HOFIM® with integrated expander

HOFIM®: Highspeed oil-free integrated motor compressor from MAN Energy Solutions

=

HOFIM® with integrated expander allows for up to 15% energy savings in heat pump applications. Picture shows the M28 frame size.
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ETES Heat Pump Cycle

Test Loop with HOFIM® Compressor & integrated Expander @ MAN Zurich, Switzerland

= - ?""
Achievements: Test results on 11/13/2020:
— 220 ] 1? ep W __ap = :'f‘ : m sn 1.m iul-u._ §
* Proof of Concept Trans-critical Spusb T T e
CO2 HeatPump cycle [ 9=
- CO, Compression (superheated gas §
& multi-phase suction) 1 o

- Superecritical cooling ("condenser”) 1

- Expansion from CO, supercritical to
saturated liquid 1

- Power recovery over an Expander
stage 1

- subcritical evaporation [

¥ }
S UE 3% HE B e e B el B B 8 S RS B B -

» Max. achieved process parameters:

o Max Compressor Power 2.5 MW,

o Max Heating duty approx. 5 MW, e

o Max Cooling duty approx. 3 MW, Enthalpy [kJ/kg]
o COP 2-5

comparable tests conditions

o Max CO2 pressure 110 bar with real project applications!

o Max CO2 temp. 120°C
o Min CO2 evaporation temp. -1.5°C g/

MANM Enargy Solutions Public
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| Project drivers: >
'* + Green energy transitiorMES & HPs

g « District heating for 25000 households (100‘000 citizens)
% CoO, savmgs 100 000t/ year = ~55 ‘000 cars

-
s
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Esbjerg (DK) project — Heating sources for District heating

Fremtidens Fjernvarme DIN

S - FORSYNING
District heating of the future

Bio oil & Gas
boilers

Pump station a

Emergency power
Transformer generator

Hot storage house \
Wood chip

boilers

3

Heat-Pump
building

Wood-chip store‘ _
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Esbjerg (DK) project

— Forward temperatures to network 70-90°C Wood chip boiler(s) City Centralen
~ Return temperatures 33° - 39°C with FoC€ .. Eiboiler | 2 xbio ol 1x n-gas with FGC
— COP 3.3 (winter) — 3.5 - 4 (summer) 3x50MW :  2500MWh =
— Heat-Pumps: 2x 25MWth / 2x 11.5MWel input
— From turndown 50% to 100% in <30sec.
— 4000 litre of water per second / 48” evap pipes
Hot storage
tank
Sea water :
Intake/outlet Heat pump 25’000 m3
&4
Seawater outlet temperatures
-1 -18°C
L - »>
Seawater inlet temperatures - r = .
1-20°C = ]
: i : 16
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MAN Cmpressor @ site in Esbjerg

CO, storage tank

W t W 7 ¢

Evaportor - Length: 1 ’m / 60 tons

MAM Energy Solutions

Public
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Esbjerg HOFIM & Testing Program (March 2022)

Compressor

Core Machine

Expander
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Esbjerg Heat Pump Factory Test

Setup for Technology Validation and Project Derisking

Evaporators

HOFIM District Heating
Compressor HEX

CO2 Piping

H20/Glycol Piping

'f“

ﬁ'fg

! g‘v,

= Job Equipment
= MAN Testbed Equipment

MANM Enargy Solutions Public
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Flexibility — Grid Response

Primary Reserve Requirements vs Test data

120.00%
100.00%
80.00%
60.00%

40.00%

ACITIVE MOTOR POWER

20.00%

0.00%

00:00 00:30 01:00 01:30
TIME [mm:ss]

MANM Enargy Solutions Public

02:00

02:30

Primary Secondary Reserve Tertiary

FCR mFRI= RR
+ Automatic activation  + Au clivation
* Upto 15 minutes + 30 ) min

* Semi-automatic or
manual activation
* Min. 15 min

= Semi-automatic or
manual activation
+ Min. 15 min

Frequency
(50 Hz)

Balancing
energy

t'n tq+1éD s = |q+:’> min tD+15; min = tﬂ+4;5 min Time
e Affected TSO
—— NI_ChannelName - [kW]
- = =Min Response
- = =Max Response
03:00 03:30
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Typical process start-up and shut-down
From Orpm to 7400rpm full load and back test.

Q
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Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.
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MAN scope of works

Project scope

MAN Energy Solutions delivery

» Compressor unit

» Heat Exchangers (Condenser & Evaporator)
» Complete piping and steel structure

» Refrigerant tank

» Valves, instrumentation, connecting cables,

water pumps, seawater pumps

» Complete electrical scope including
drivers/starting equipment

« Complete control system

* FAT of main equipment

+ Installation and commissioning
* On site testing

/\

Typical scope of delivery

2

m o) «——E‘EE

[ CuTYT

}' B

MAM Energy Solutions

Public

|

| Grid, heat-sink and heat-source
| connection

|

|

Civil work (e.g. roads, buildings)
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Our Global Network
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PANAMA CITY S0 L ~——— K e
Locations* s T SINGAPORE, 7 ‘
NITEROI . '
I ¥
Availability ‘ BUENOS AIRES GAPE TOWN ool L PERTH v /
VALPARAISO - R

MELBOURNE AUCKLAND

SYDNEY
*Number of countries served by headquarters, service locations or responsible sales partners
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Future in the making MAN

Thank you!

Chris Fraughton
Director, CCS & Heat Pump — America Region
Christopher.Fraughton@man-es.com
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