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Proven real-time steering for the industry
the optimizer / digital twin takes care of the downstream complexity

1. Process first

? digital twin in the cloud

? behind-the-meter

? multi-asset, multi-energy
}

all technical & operational constraints are
respected by the algorithm

? bridge operations with energy

2. Integrate & automate

? integrate with local control system

? integrates with any EMS

? automated nomination & steering

? dispatch reliable and predicable flex MWs
to the market

3. Market access

} Free choice of supplier / aggregator

market access
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echno-economic optimizer
Digital twin of industrial process 11\) EeL\ldT Etﬁi
Slow flex optimization + fast flex dispatching -

i Industrial assets \i

i Plant supervision & local controllers i

i DCS/SCADA/PLC i API
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SWECO ﬁ

Your partner to transform strategy into reality

Sweco as one-stop-shop EPCm solutions provider
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License to Project Concept FEED / Basic Detailed Construction | [Commissioning

S operate definition Engineering Engineering ) \ Engineering Procurement Management assistance
- AN AN ) - 2 A >\ AN VAN Y
Committed and approachable partner ISO certified and vendor agnostic Proven gate-based project methodology

Focus on advisory services and engineering up to and
including permit and financial investment decision (FID)

Focus Climate, Energy & Environment



SWECO ﬁ

[ ] [ ]
Energy-intensive ored to your needs
[ ] [ ]
'ln d ustr] es n eed Energy cost reduction: techno-economic advisory (=
. Process innovation and asset optimization: ovens, dryers, distillation/membranes, flue gasses, evaporatars, reactors, green malecules
. Heating/cooling optimization: pinch analysis, heat source/sink mapping, waste heat recovery, thermal buffering, thermal oil circuits,
a f U t U re p ro 0 f e d smart heating grids (private and district), steam/hot water, CHP, chillers, dry/adiabatic coolers, cooling towers, batch process
. Electrification: (add-on LT/HT) heat pumps, MVR, e-boilers (resistance/electrode), process electrification
e n e r -t -t . Utilities optimization: compressed air/vacuum, cooling water, pumps/fans/motor, relighting, RES/BESS-integration, HVAC optimization
gy strategy e
Electrification and flexibility iy Strategic roadmapping

In today’s industrial landscape, rising energy « Behind the meter: load shifting, peak shaving and day ahead -« Strategic decarbonization roadmap for full-scope 1/2/3 with
p (i ces, su stai n ab1 l]ty targ ets, reg U lato ry arbitrage process and site level (BESS/thermal storage/...) integrated scenario analysis, electrification and CAPEX planning

requirements, grid constraints and margin
pressure demand strategic vision that looks *  brid connscRREAREE U IERD Sl hadvice
beyond short-term challenges and focuses *  Energy management system (EMS) advisory

on long-term resilience. :
Energy procurement and contracting

. . : . Energy profile / contract analysis and smart purchasing
3 0 % AVQ pOtent]al cost reduction via strategy based on site consumption and on-site generation
Strateg] C energy manag ement . Negotiation of energy supply contracts to reduce costs and
risks including monthly energy health check

* Front of the meter: intraday, imbalance, ancillary services, CRM » Sweco in-house Futureproofed Saa$ for carbon accounting

« Ensuring compliance with regulatory framework and (future)
legislation (e.g. ESG/CSRD, EED/VEKA/EBO),

o

@
. . “yy- &
EPCm engineering and permitting
* Full-scope pre-FEED, FEED, basic, and detailed engineering
* Procurement and construction management

* Fullin-house environmental impact assessment and permitting
(urban planning and environmental) applications

HedgigENcking aRvigR and PPAs for logilgiipricelstability - Audits & subsidies: ETS1/2, 1S050001, 15040001, eligibilities

sanofi etex (&) &

R
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Jonathan Orbie Davy Didden
Energy Consultant ' Team Manager Energy for Industry

+32 496 83 64 95 : +32 484 80 61 02
Jonathan.Orbie@swecobelgium.be Davy.Didden@swecobelgium.be

Contact us
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Mapping complexity energy & CO,

Holistic insight is missing = investment choices?

Uncertainty energy prices capacit
and CO, prices

\ CO, reduction target 2030:
-50% with ref. 2019 (SBTi)

Increase in grid costs 2025 W

T High energy cost (1/4 PCO)

7\
End of CHP certificates 2028 [«—

No CHP certificates in case of negative
electricity prices 2026

Penalization of flexible
operation on grid costs

/ Electrical disconnection KOB ~
% o

Grid congestion / connection
ity electrification projects

N

Process innovation projects:

wollastonite, reactor flash
evaporator, LT drying,
HP assisted drying, ...

Complexity and mutual
implications of choices

What's the
"way forward"?
End-of-life

Beri steam boiler /v ETS free allocation EUA

N~
- Addmonal PV

Weather dependence GT output
and steam production

Increase in GT CHP trips with
reduced steam demand

Higher steam costs in
CHP part load operation

CHP operating modes: fresh air, steam vent, ...

Grid injection
(remunerated on imbalance)

fENTRAS SWECO ra)



CO, uitstoot (ton/jaar)

T ————
__________________

Plan of approach
Development of strategic
decarbonisation roadmap for
Etex Promat (Tisselt, BE)

- 8 B 8 8 8 B 8 8B 8
|
|

Sustainability
CO, reduction

A
| |
WP1: Energetic blueprint current WP2: Decarbonisation measures at process WP3: Energy conversion assets at site level
situation level

Value assessment of different energy conversion

Development of tailor made energy conversion Identification and techno-economic assessment of assets (GT-CHP, PV, e-boiler, gas boiler, ...) taking

model (ECM) capturing the physical and cost effective decarbonisation measures at process into account mutual interaction/implications of
contractual complexity of Etex energy system. level + impact on energy demand profiles. different projects/assets and flexibility opportunity.

ECM D ENTRAS SWECO%




ECM "Energy Conversion Model"

Objective and added value — holistic approach

: taking into account the physical and contractual complexity of the
GT CHP and mutual interaction of different projects/assets, calculate back from set of
(reduced) energy demand profiles to the energy flows at site level and OPEX

Enabler for integrated scenario
analysis through complete
modelling of energy system and
energy contract structure

Basis for e-boiler and CHP flexibility
evaluation: modified demand
profiles for steam and electricity as
well as CHP operating regimes

10

Capturing the complexity
of site energy system with
multiple assets

Impact assessment of

decarbonisation projects
and energy conversion
assets

More realistic picture of
financial savings of

decarbonisation projects
taking into account

Netaansluiting
siteniveau

[ Flaktricrh D

Energieproductie &

. Energieverbruik
-conversie assets

Elektrisch >

Aardgas >

- | Elektrisch >
— verbruik Site 1

. Elektrisch
PV | verbruik Site2 >

S

Proces
gasverbruik

fENTRAS SWECO ray




Grenzen werkingsmodi:

temperatuurafhankelijk \ GT WKK deellastmodel (gedrag i.f.v. bruto stoomvraag bij 10°C)

180 <« <+—1p»r «—» 100%
Stoom-
16.0 aflbaas ¢ 90%
GT50%| /| = eeem===TTT7T7 )
140 R 80%
““““““ 70%
120
L’ 60%
e
00T Fresh air (FA) .
50 EIRY L GT vollast + bijstook (AF)
GT deellast GT 100% 40%
- GT 50%-100%

) 30%
4,0 20%
2,0 10%
0.0 = 3 = < I 095

0.0 5.0 100 150 20.0 25.0 300
Stoomvraag (ton/h)
—e—Gasverbruik GT (MVY_bvw) Gasverbiuik bijstook (MW _bvw) GT output (MW _el) eta el eta th - — —eta_tot
Frequentietabel stobmvraag (h)
2000
Shift steam distribution to lower demand
- increased CHP part load

& & & &

g & &S .
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CHP analysis KPI's at reduced steam demand

Increased part load and GT trips

12

20,0

10.0

0.0

GT belasting

BDC bruto stoomproductie (ton/h)

0 e —
]

— GT l0ad (%) Scenario dryers ====: GT load (%) Referentie

Steam demand reduction impact on GT CHP
Reactor projects: dynamic — YLC more flat,
CHP many part load hours

Dryer projects: static — YLC shifted down,
CHP less part load hours but more trips

1000 2000 3000 4000 3000 6000 7000 2000 gooo

Referentie Flash evap. Dryers

Flash evap. +dryers -.-.-- GTtrip ----- GT50% --------- GT 100%
fENTRAS SWECO ra)



Strategic insights and starting principles

Etex site specific vs. general

> With the CHP operational, cumulative financial savings from
major decarbonisation projects are significantly (20-25%) less
than individual savings - driver for exit-CHP or flex-CHP

> Projects on dryers / static steam reduction leads to part load
operation and trips of the CHP (and unattractive finacials) more
rapidly than projects on reactors / dynamic steam reduction

> Flex CHP enables for implementation of decarb. projects
without current (steam related) physical and contractual

restrictions

13

TRL
Technology
readiness level

e.g. HT heat pump,

MVR on dryer, ...

People
resources
Spreading over
time, managable
from point of view
operations /
personnel

Reliability /
lifespan
of existing assets:
CHP, Beri steam
boiler

General
principles

strategic
decarbonisation
roadmapping

Financial
resources
Spreading over
time, managable
from point of view
investment
resources

Cost-efficiency
cfr. CO, abatement
cost

Experience and
knowhow
new technologies:
SSD, HP, MVR, ...
knowledge
sharing within
group

fENTRAS SWECO ray
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CO, uitstoot (ton/jaar)

42.072

-54,7%

11.558 11.558

8000
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2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Funning hours CHP

"y
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=

2028 2029 2030 2031 2032 2033 2034 2035

Aardgas Proces == (asolie Aardgas WEK Aardgas stoomiketel . B AL e R U Cliepad = = =Doelstelling - SBTI

2050

—a—CHP heat driven  —es—CHP flex

14,0

12,0

10,0

80

6,0

40

20

Elektrisch piekvermogen (MWel)

2027 2028 2029 2030 2031 2032 2033 2034 2035 2040

Prognose piekvermogen (ECM)

— R eferentie piekvermogen = = =Technische netaansluiting = = =Contractueel aansluitvermogen

2045
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Flexibility supports electrification in industry
Context

} Energy Transition
} Complex: technologies, process changes, electricity market volatility
} Many options — decarbonization roadmap required
} ETEX: Operational CHP
¥ Certificates (WKC) will stop soon
? Business case
} Decarbonization implies CAPEX investment
} Flexibility to keep OPEX lower?

ENTRAS swEeco 28
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Flexibility supports electrification in industry
ETEX - scenarios

? Decarbonization roadmap
} Projects to reduce C02
} Each project has different CAPEX, savings, timeline, ...
} Each project has an impact on heat / electricity demand
? Roadmapincludes process & energy production

¥ Options for steam demand at ETEX:

CHP flex

New gas-boiler

New gas-boiler + 6MW E-boiler

YENTRAS SWECO 2



Flexibility supports electrification in industry
Many options

e
X

Renewables Batteries

Wholesale market
Day-ahead market

Intraday market

Imbalance market

ﬁancillary services

Congestion management

Support & capacity
CRM

Project based subsidies

I" o

Industrial
Grid cost & congestion

process
h ﬂ Prevent curtailment Local syne rgl eSs.

Biomass Behind the meter (c) Entras

Plant ) -




Flexibility supports electrification in industry

What is the value of flexibility today & tomorrow?

2h-BESS results - keur/MW.yr real world)
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Flexibility supports electrification in industry
Simulations - example

Operational costs in 3 scenarios, simulations related to o

decarbonization projects
} CHP heatdriven
} CHP flex
¥ (Gas boiler
Combinations are possible
Input for business case assessment

Analyse financial implications of decarbonization
roadmap

Reference PTL1 SSD + HP PV expansion Wollastonite

PTL2-3-4-5LT- Flash evaporator Plaster PTL7 HT HP +
drying reactors delocalization coupling press 6

CHP heat driven ETEX CHP flex ETEX —&@— Gas boiler

YENTRAS SWECO 2



Flexible operation GT CHP

Technical boundary conditions & points of attention

* Type gas turbine

* Ramp rate depends on GT, boiler construction and MV grid

* Construction boilers (HRSG and back-up boiler) = case-specific evaluation

* Cycling - start/stop running regime, impact on lifetime and on maintenance schedule (and cost)

» Reduced auxiliary firing when GT is at lower load
Efficiency curves

90,00

* Impact part load on CHP efficiency 0.0

70,00

* Impact start/stop regime on maintenance costs 6000

== CElektrisch rendement
Thermiscl h rendemen t
Site rendement

50,00

* Impact on emissions (NO,) at part load w00

* Less certificates (WKC) 000 \‘\\/—/

* Less local advantages (avoidance distribution tariffs) + possibly higher connection costs

10,00

* Adapted control systems for flexible operation of GT, auxiliary firing etc 000 ! Ref: Engie

GT 35MW GT 30MW GT 256MW GT 20MWGT Z0MW GT 256MW GT 30MWGT 30MW GT BL -
- 60t/h - 60t/h - 60t/h - 60t/h - 7pth - 60t/h -60th anti-icing -  64t/h
1 60t/h

20 D ENTRAS sweco 2%



Strategic value of CHP

(Qualitative advantages in current and future energy landscape

Qualitative

advantages /
strengths of CHP

21

Flexible and strategic asset in context of sector

coupling and more dynamic energy markets
(yearly increase in spread on DA prices,
value of aFRR, CRM, ...)

Provides protection against spikes in

electricity tariffs

Provides protection in the event of

Risk management potential grid congestion issues

Opportunity for LT waste heat recovery
(e.g. hot water grid for preheating reactors)

Provides redundancy steam production
on current gas-fired boiler

: _ Additionally: possible flex range
Asset in context of future "hourly matching” and efficiency improvement by

for green electricity from the grid Air Inlet Heating

Primary energy savings
at times of low renewable energy production

fENTRAS SWECO ray



Flexibility supports electrification in industry

E-boiler flex

? Simulations on day ahead market show limited potential:

—— PV production [MW_el]

| —— CHP netto output [MW_el]

Consumption Tisselt process [MW _el]

2 —— E-boiler consumption [MW_el]
—— Grid offtake [MW _el]
—— Grid injection [MW_el]
2 4
l -
0 4
0 2000 4000 6000 8000

Hours

N

eboiler
<1200h ...

2000 4000 6000

8000

ENTRAS swEeco 28



Flexibility supports electrification in industry
E-boiler flex

} E-boiler reduces emissions
} Sizing — on peak steam demand or on payback?
} Revenues from slow & fast flex
} High CAPEX due to grid connection
} High OPEX due to captar
} Smaller e-boiler can shave peaks, but less C02 savings
} Feasible investment? Keep options open:
} (Gas boiler with option for hybrid fuel
} Wait for ...
Different tariff structure (e.g. time-of-use to reduce captar)
Different market conditions / energy price level & volatility

ENTRAS swEeco 28
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End of life steam boiler: new gas boiler or e-boiler?
No near term opportunity for e-boiler

Grid costs almost
completely cancel out
benefits of
e-boiler on DAM

Risk of 2 MW boiler creating

lock-in if future larger .. e :
dimensioning makes sense Limited contribution in gains

with post 2030 steam from ancillary services
demand and dynamic (aFRR) due to market

CapTar (~'28/'29). E-boiler saturation

No near
term
opportunity

From the requirement of
Keep options open: full backup for the CHP, this
implies an electrode e-boiler

Design of gas boiler for and requiring strong
future hybrid functionality investments in grid

connection

2% D ENTRAS sweco 2%
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Want to know more?

Scan and get more insights

O ENTRAS

This is what will happen

We ask to answer some questions, for our
survey ‘industrial flexibility’

You get in return
Y Access to use cases with detailed information
} The (anonymous) results of the survey

¥ Slide with flex revenues for different use cases

ENTRAS swEeco 28
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Energy transition is hot...
Some links for the energy enthusiasts...

Elexing the future

Entras.be - Harvesting the opportunities of flexible energy markets

ENERGIE
B

- Studio Energie

TRANSMISSION

Transmission

Modo Energy

26 19/05/2026
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<1 tools

Unlock Hidden
Value in Your
Electrical Assets

Ben ~ " 5 P =

A\ batteries

All of the tools you need for data-driven decision making. All in one place.

#1 software to optimize all your energy assets

Energy flexibility
starts here.

Entras builds software optimising industrial energy
systems. The demand side response in action.

L ENTRAS

YENTRAS SWECO 2


https://www.entras.be/podcast/
https://modoenergy.com/research/channels/transmission
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://open.spotify.com/show/0KlohEe25OsPECVzHLPdf5&ved=2ahUKEwik35Wvl5CGAxX7UKQEHcmJDJsQFnoECBkQAQ&usg=AOvVaw0y5wQUbqbq8dV2CAEdC_Ud
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://www.redefining-energy.com/&ved=2ahUKEwiFzIaQl5CGAxWJSKQEHbtzDGEQFnoECBMQAQ&usg=AOvVaw2ISU3XOgpnZyKwmea-6k4C
https://modoenergy.com/benchmarking/assets
https://www.swecobelgium.be/podcast/

IENTRAS sweco 28
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Q &A Energy Consultant

+32 496 83 64 95
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