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Accelerating the electrification in the process industry.
Energy Transition Campus, Amsterdam, 24 March 2022
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MANAGING DECARBONIZATION

Not only energy, but also the circularity of feedstock and materials

GLOBAL C02 EMISSIONS

STORIS

PRODUCTS
45%

ENERGY
55%

ENERGY TRANSITION CIRCULAR E

The most sustainable energy is saved energy. 1/ \\ The most sustainable products are unproduced products.
‘ ; ; Machines and other products
Reduce the demand for energy by design for less Design out waste and pollution to are designed to be long-
avoiding waste and implementing REDUCE reduce losses, and therefore GHG lasting and easy to repair or
energy saving measures. emissions across the value chain. easy to break down into
basic components

2 Use sustainable sources 2 Keep products and

i ini make resources renew themselves materials in use to retain L.
of energy instead of finite aher v ariiboctiedt in thar Products are well-maintained and

o= s REUSE kept in service as long as possible

or used by others over time
Produce and use Regenerate

fossil energy as natiral
i take care of primary resources systems Components remade to be good as
RECYCLE new or materials broken down into

basic nutrients
Minimal emissions Minimal waste

*Ellen MacArthur Foundation, Completing the Picture: How the Circular Economy Tackles Climate Change (2019)
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DUTCH CLIMATE AGREEMENT
19.4 Mton less CO, in 2030 (&

Production stop of Groningen gas field

Improvement of the Emissions Trading Scheme (ETS)

Cleaner en more efficient production

More renewable energy (biomass, green gas, geothermal heat)

250 Electrification and hydrogen
—221,4 Heat recycling and reusage
' ~ 195.2 Material recycling and sustainable feedstock
— 200 ! Carbon capture, storage and usage (CCSU)
o
O
c
o 150
= i 52,8
E m Agriculture ’ : 110,5
c ;
S 100 Power
v
E s Buildings
“ 50 mmm Transportation

. Industry

Total

STORIL

A Fluor Company



EMITTING INDUSTRIES

INDUSTRY ACCOUNTS FOR ALMOST ONE-THIRD OF EU-27 GHG EMISSIONS

Emissions by sub-sector for EU-27, 2017, MtCO,e
100% 165

Qil and gas
upstream and
midstream

Ammania Pulp and paper

"E‘ Power

Food, beverage

. and tobacco
E Transportation

s5[ Buildings
uildings
g Oil and gas
Other downstream Other
chemicals industrial
process

emissions

@ Industry

30%

Other industrial
emissions from
fuel combustion

Agriculture

Mining

Other non-metallic Ethylene

minerals

Non-metallic Metals Chemicals Mining, Oil & Gas Other industrial emissions Waste
minerals management STD HH

Source: Net-Zero Europe, Decarbonization pathways and socioeconomic implications, McKinsey&Company, November 2020 A Fluor Company




MAJOR CO2 SOURCES
Heating and Electricity

Emissions per sector, estimated Mton COfyr, 2014 Total
22 12

q Process emissions

High-temperature o stistEnsen Electricity: 19 Mton

heat production at of industrial CO,
one steel plant is

industry’s largest emissions
CO, emissions source
Electricity {e.g.,
machine drive)

Heating: 40 Mton
of industrial CO,

High temperature em]ss‘ons
Ammonia and ethylene production heat

results in 11 MT of process and
heat-related emissions Mid temperature heat

4

Low temperature heat
1
0 0

Chemicals I[ron and steel Petroleum Food processing, Other
refining  beverages and  industries

tobacco STDH|4

Source: Energy transition: mission (im)possible for the industry?, A Dutch example for decarbonization, McKinsey&Company, October 2017 AlFiGa7 Corriparsy
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POSSIBLE SOLUTIONS

Decarbonization levers to reach net-zero emissions by 2050

-19%

(1900-2017) P - e crteialabstement

2017-30 2017-50

SHORT TERM (BEFORE 2030)
e Curb demand

Demand-side
measures and
circularity

15% 7%

17%

‘w 44%
7% 13%

1% Energy efficiency

-65%
(1990-2030)

carbon-neutral
power

Carbon-neutral
hydrogen as fuel
or feedstock

‘ feedstock’
‘ Carbon capture

and storage or
use (CCS/V)

Land use or

agricultural
practice changes

Other innovations

10000 M
(1990-2050) 2020 25 30 35 45

Electrification and

* Invest in energy efficiency of existing assets
 Electrify existing assets
» Generate carbon-neutral power

Almost half of CO2 reduction to come from
electrification and carbon-neutral power

LONGER TERM:
Growing potential for carbon-neutral hydrogen
as a fuel or feedstock

Source: Net-Zero Europe, Decarbonization pathways and socioeconomic implications, McKinsey&Company, November 2020
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CARBON NEUTRAL POWER
Dutch government doubles offshore wind energy production

Opgesteld vermogen
(gigawatt)

Shifting the energy mix by 10.7 GW
extra wind capacity by 2030

50

Yz id

40 Vo8
SIS
30 '
. H B
) I I I
o
2015 2016 2017 2018 2020 2023 2025
B Nucleair B Gascentrales B Wind op land Zon PV
B Kolencentrales Gas decentraal B Wind op zee % Overig*

Source: Netbeheer Nederland
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ELECTRIFICATION IN INDUSTRY

Challenges ... and opportunities

Fossil to Electricity Smart control Grid connection
Motors & Drives Heat integration

Page 11 STORIL

A Fluor Company



POSSIBLE SOLUTIONS

Feasible economical reduction potential

Technology groups Motors & Drives Heat Integration Smart Control

High Electro- .
|ndustry sectors efficiency mechanical Flue gas HT heat Mechanical Heat Hybrid Advanced Energy Asset
A vapor re- A process management management Totals
electro system recuperation pumps ) transformer boilers . .
A compression control analytics analytics
motors optimization

Industrial gasses 11 0 26 14 16 162
Steam crackers 29 55 4 15 29 0 74 36 39 281

Ammonia and N-fertilizer 5 10 1 2 0 49 21 19 117
Wider chemical industry 32 59 52 - 86 90 58 25 57 557

Refineries 20 85 6 23 76 0 65 31 29 335
Iron and steel 47 49 2 8 0 0 46 23 17 194
Food 49 67 [ 65 | ies. 16 [I301| 06 | 63 62 828
Paper & Board 39 20 38 88 0 23 14 14 287
Totals 253 2761

Source: Project 6-25 Technology Validation, RHDHV, July 2020 Reduction potential in Kton CO2/yr




GRID CONNECTION & STORAGE %

Energy storage solutions

Smart grids




SMART GRIDS

Systems integration & balancing demand and supply

New control algorithms and
maintenance concepts

New forms of collaboration,
market dynamics

a=a
55 \&}
N,

Network operators Industries &
& managers companies

(6. MANAGEMENT /I * & - !s - Y ~
« Sensors & I’ S 3 ¥ wical
- Artificial In’ \* e . -

*« Smart me

+ Performa é ,.23

5. END USE

\ Demand respon Ziels/Chemicals J

Government

4. T Raas E— % Suppliers & EsCo’s
& « Electricity, Heat, Gas -
[ « Smart grids L0 @
@ + Hybrid networks

AC-DC power electronics

New regulations &

S - New roles, business models and
legislation, subsidies

information and energy services

Better grid utilization

Prevention of grid congestion and expansion
Enables more local production

Flexibility for end-users

Dynamic load control

Multi-vector solutions

Supports direct and indirect electrification
Integration of storage and back-up solutions
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“WATER WILL BE THE COAL AND THE OIL OF THE FUTURE”

“Yes, my friends, | believe that water
will one day be employed as fuel, that
hydrogen and oxygen which constitute it,
used singly or together, will furnish and
inexhaustible source of heat and light, of
an intensity of which coal is not capable”

Jules Vernes, The mysterious island, 1874-5



HYDROGEN CAN PLAY 7 ROLES IN THE ENERGY TRANSITION

Enable the renewable energy system ==p Decarbonize end uses

Enable large-scale Distribute
renewables energy across sectors
integration and and regions

power generation
Help decarbonize

industrial energy use

Help decarbonize
building heat and power

Act as a buffer to
increase system
resilience

Serve as renewable
feedstock




Eenige Oprechte Haarlernmerohe
in FLESCHJES en CAPSULES
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THE ROAD TO ALL-ELECTRIC

Direct and indirect electrification solutions

Potential direct electrification per sector
Other
industries
Steel

Refining

Chemicals

i 20 0 40 S0 () 0

Electricity and hydrogen demand (TWh/yr)

B Electrical compressors [ Heat pumps (< 200 oC)
B Electrical boilers Combined Heat Power
B Electrical furnaces [ ULCOWIN (steel)

B Electrical cracking

Source: Routekaart Elektrificatie in de Industrie

Potential indirect electrification per sector

Other

industries
Steel
Refining

Chemicals -

20 30 40 50 60 70 80 % 100
Electricity and hydrogen demand (TWh/yr)

[l Heat pumps (< 200 °C) [ Combined Heat Power
B Blue hydrogen Hydrogen boilers
B Hydrogen furnaces [ H-DR technology (steel)

Il Hydrogen as feedstock
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THE ROAD TO ALL-ELECTRIC
Electrification potential

Fossil fuel energy demand in industry (TWh)

200
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100
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Source: “Routekaart Elektrificatie in de Industrie” (Roadmap Electrification in the industry)
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Growth potential
Energy savings (efficiency increase)
Fossil fuel consumption

Electrification potential

80 to130 TWh electrical energy demand in 2050
60 to 80% of the total energy demand in 2050
delivered by electricity

30 to 80 TWh of industrial electrification is
already possible in 2030

In 2050, industry needs 3 to 4 times more
electricity than the current demand

26 to 46 GW extra offshore wind is needed to
supply the electricity demand
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THE ROAD TO ALL-ELECTRIC

Rising prices for fossil fuels and CO,

»  “The Brent crude oil price is thus likely to be driven back up again in the coming weeks as the war
in Ukraine continues.” (Oilprice.com)

«  “EU natural gas futures spiked to €130 per MWh, the highest since March 11th”
(tradingeconomics.com)

*  “The price of carbon permits in Europe has crashed dramatically following Russian’s invasion of
Ukraine, lowering the cost of emitting carbon for the EU’s most polluting companies.
(theguardian.com)

Brent Crude (May Contract)

@OILPRICE
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TO SUMMARIZE

* Industry is accountable for one-third of Europe’s CO2 emissions

* The decarbonization challenge is not only about energy

* It’s not up to one industry to solve; many industries have impact

* Heating and electricity (eg for machine drives) are major CO2 sources

» Half of industrial CO2 reduction is linked to electrification, using carbon-neutral power
» Lots of high impact solutions are already available

« The Dutch industry has a high potential for both direct and indirect electrification

We have to deal with the current geopolitical situation giving a paradigm shift in the energy
markets
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More information:
Dr. Ir. Jack Doomernik MM

Stork Asset Management Technology
Van Deventerlaan 121

PO box 2322

3500 GH Utrecht

T +31 6 2025 1131

E jack.doomernik@stork.com
W www.stork.com
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THANK YOU
FOR ATTENDING!

UPCOMING WEBINARS
e e A RA

ZWA’R.

20 APR. 25 MAY

Decarboni-

Electrification .
zation

Cooperheat

PODCAST SERIE
> www.stork.com/nl/over-ons/podcasts
RECORDED WEBINARS

> www.stork.com/recorded-webinars

ey AR
22 JUN. 21 SEP.

Integrated Fugitive
Services Emissions

CONTACT US

> experts@stork.com
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19 OCT.

Hydrogen
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