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Why pumps? Why now?
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Building blocks for a sustainable future

Industrial Efficiency - Affordable drinking water

 Sustainable manufacturing » Water distribution
» Recyclable materials + Desalination
* Energy recovery m » Waste water processing
- =+ Reuse of machines - circular economy
. ! ‘ . . . . .
Energy Transformation OO Digitalization and automation
* New materials, fluids, configurations \ » Ongoing development for robust,
» Carbon Capture, Utilization, and Storage 6' automated solutions, incl. predictive

+ Lithium, energy storage, sustainable fuels maintenance

* Liquid hydrogen, ammonia
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Riding the momentum
Global capex development 2010-2035 (real values, in USD trillion)

40

2024

Energy, power

Other industries

Metals, mining

Chemicals, pharma

Water, wastewater

2010 2020 2030 2035

Note: CAPEX development shown at constant prices (real values)
Source: S&P Global, Comparative Industry Rev. 4 as of April 19th, 2024
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Energy and Climate
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The hidden energy consumer
Pumps as part of the problem

« Pumps consume ~10% of the world’s electricity
consumption

« More than 2TWyr of energy

« Even small gains in efficiency have a massive
global impact

« Next generation pumping solutions are needed
- Systems perspective instead of equipment only

« Innovation and continuous improvement and not just
business as usual

« Entrepreneurial mindset
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Energy Recovery
The pump as part of the solution

= Hydraulic power recovery turbines: pump as
turbine

« All processes where pressure needs to be throttled to
suit the subsequent process steps
= Typical applications for HPRTs are:
« Natural Gas Treating (to remove H,S & CO,)
« Hydrotreating in a refinery
« Potassium Carbonate Service in a Fertilizer Plant
« Pulp and paper plants
« Hydroelectric power & pumped storage
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Energy storage — pumps as enabler of green energy transformation

=  Pumped hydro as ultimate battery — grid stabilization
= Lithium mining processes

= Chemically durable pumps for flow batteries

= Small nuclear reactors — various concepts

= Fusion reactor cooling with molten salt pumps

= Molten salt thermal energy storage
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Case study: Molten Salt Energy Storage project (MOSS)
1000 MWh storage, producing both electricity and district heat

(Dis)charge Time

Corrosion

10 hours
~___control

Ramp Rate

50% capacity - 30 min

Boiler
A 100% capacity - 3 hours
" | \;/’f
2\ A
O <)
Excess energy J // o Output
: '~y 7 Electricity and district
heating at 88% efficiency.
Pilot scope is to demonstrate
technology can be taken out of labs Loss Per Day

and to pilot.
1%

PoRsvniNG  Fenergysum v, Pahyme @ <rixonsen




Carbon Capture, Storage and Utilization (CCUS)

CO, as a resource

Storage and Utilization

10 Mwe 10 MWe
SUPERCRITICAL CO, STEAM
POWER TURBINE POWER TURBINE

Typical absorber-regenerator CO2
capture process

Figure 4. Echogen’s 10 MWe SCO, power turbine compared to a 10MWe steam
turbine. Source: Persichilli et al. (2012)

Ambient Air
(C02=0.04%)

€2 02 Free Air
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Case Study: HiSep™ Project

= Challenge: Currently 60% of FPSO topside space = Solution: Separate the dense phase CO, subsea
dedicated to non-value add CO, processing and reinject immediately using pumps

XT: subsea Christmas tree
HPU: hydraulic power unit
VFD: variable frequency drive

Separator
Qil/Gas mixture

oil

Power Barrier Fluid

Subsea dense phase
CO2 pumping unit
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Petrobras Mero 3 Subsea Pump (HISEP®)

First of a kind installation of subsea CO, separation and injection

= Separates CO, at the seabed and allows
reinjection directly with pumps

=  Water depth 2’000 m in Brazilian waters

= Two pumps in series, injection pressure up to
620 bar

Permanent Magnet Power Connector

Liquid Filled Motor
Cooling Coil

Instrument / Control
panel (when provided on pump)

Mechanical Seal Barrier
Fluid System

Pressure Casing(s)

Flexible Element

Spline Coupling Discharge / Outlet Nozzle

Balance Drum Temperature & Vibration

Coolant Barrier Pump

Fluid Distribution
Pipe Work

Balance Line

Mechanical Seals,
Journal & Thrust
Bearings

Suction / Inlet Nozzle

SULZER

Instrumentation — Pressure,

Pump-motor unit weight 76 tons

12-stage hydraulics, performance confirmed with
de-risking pump

4-stage 2 MW de-risking pump in dense gas testing in Brazil 2021
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Water and Wastewater
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Water: The 21st Century's Gold

Desalination —  Water intake, transportation = Municipal clean water =
and irrigation

Flood control = Industrial water treatment > Domestic and commercial >
wastewater

Municipal wastewater - Dewatering >

SULZER
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Wastewater: from waste to resource

SULZER

Modern wastewater systems can be resource
recovery hubs:

= Heat: captured for heating
Nutrients: recovered for fertilizers
// Energy: biogas production

Beyond recycling — it’s about healthier families and
sustainable life.
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Wastewater equipment
Efficient wastewater transport, processing and treatment

SULZER
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Wastwater treatment challenges
Micropollutants

Per- and polyfluoroalkyl substances

Man-made substances since early 1940°s
Extremely persistent in the environment
Accumulate in organic tissue & often toxic
Different carbon chain length

More than 4000 chemical types (PFOS, PFO,...)
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Pharmaceuticals

>100,000 tonnes consumed per year in the world
30-90% of drugs leave the body inactive

>25’000 people in the EU die every year from
resistant bacteria

The drugs are so stable that conventional water
and wastewater treatment is not good enough

o)
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Pharmaceutical removal
Available processes

Adsorption to fizon

GAC
S d V = — DynaSandCarbon
sec:ir:gn?artyion > >LA.4 ) {J”i L’T] ) >

Contact basin

Oxidation
(Ozon/ClO2)

Oxidation &

Adsoption/
Biofiltration

Adsorption to
PAC

s

Recipient

.
, , Lamella separator >
. £8)

l Recirculation PAC

B Filtration/separation stage is required
Il Filtration/separation stage is not always required

GAC: Granulated Activated Carbon
PAC: Powdery Activated Carbon
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PFAS removal

Available processes

PFAS treatment 1

y Physical » Chemical
separation conversion
processes processes

ICoagulation & ‘ /'(\)?(Y;:t?::
Flocculation
processes

Membrane 1

Adsorption to AC1 Adsorbtlon to Al
material

GAC: Granulated Activated Carbon
PAC: Powdery Activated Carbon
NF: Nanofiltration

RO: Reverse Osmosis

AlX: Adsorbtion via lon Exchange

WWTP WeiRenburg

= Two process alternatives: Ozonation and/or
adsorption/separation

BAK-Filter (kontinuierlich betrieben)

Agive, = 27T P
i S S S SRR, o e
: Ozondosierung - :
| 059 0s/gDOC | Restozonvernichter |
NKB1 | maximal 2,69 kg O+h !
s o el Auslaufmessung

Schwabische Rezat

Qme = 430 m¥h

NKB 2
Ozonung
Vreaktor =145m®
HRTams = 20 min
B'yb'a's'é"""""'""'"""'"""'"""""'""'"""'""'"'"s;.'a};&f})ié}"(k'c;h'rihiiléﬁic'}{b'é}}[e'ben)
Aciter = 27T M2
Vrirer = 8 M/h
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= Elimination of 92% by use of a combination with
ozone and GAC for 12 indicator parameters (sum

parameter)
Rédel at al.,(2017)

22



And now?
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Next generation pump

Efficient Modular

Online and predictable

Reliable Reusable
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New business models — new technology

= Pump as a Service, Air as a Service, ...

.

= On demand spare parts — inventory reduction

= Local production and precision with Additive
Manufacturing

= Re-manufacturing of pumps
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How will we be doing business?
Challenges

Geopolitics Markets Customers Regulations

s
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Geopolitical fragmentation Economic slowdowns Changing customer Local compliance variability
expectations
Volatility Uncertainty Complexity Ambiguity
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How will we be doing business?
Opportunities

Geopolitics Markets Customers Regulations

s

Tl 5
T

|
v

Infrastructure Projects Emerging market growth Understanding new customer Regulations as enabler
Expectations
Vision Understanding Clarity Agility
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Collaboration breads innovation

= Breakthroughs don’t happen in silos

= |nnovation arises where disciplines, cultures, and
industries intersect

= New ways of idea generation — Hackathons

SULZER
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From silos to systems

Cross discipline collaboration:
« Life cycle view, circularity

« Design to X (manufacturing, recycling, procurement,
etc.)

« System optimization

= Early-stage close collaboration with customers
and suppliers

= Close cooperation with local schools — engaging
the society

= Participating in Europump, reaching out to
legislators, influencing regulations

= Ultimately delivering solutions, not products

SULZER 29



Call for action

Next generation pump specialists needed
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Pumps are not boring
Pumps are vital!
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Thank yOU! Dr. Arrigo Beretta-Mdiller Sulzer Management Ltd
VP Products, Technology and
Digitalization, Flow Division

arrigo.beretta@sulzer.com Neuwiesenstrasse 15
8401 Winterthur
Switzerland

sulzer.com

BENEICIE
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https://www.facebook.com/SulzerLtd
http://www.linkedin.com/company/sulzer
https://www.youtube.com/user/sulzerltd
https://www.instagram.com/SulzerLtd/
https://twitter.com/SulzerLtd
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