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Uvod do problematiky regulace CCU

EU (EC/EP) v navaznosti na Zelenou dohodu pro Evropu postupné vydava radu legislativnich
aktd (nafizeni, delegovanych aktu, vyhlasek apod.) regulujicich problematiku zachytu a vyuziti
sklenikovych plynu (resp. CO,) - CCU - s cilem dosaZeni uhlikové neutrality.

Regulace je nezbytna, aby byl jasny ramec pro investory.

Regulace vSak nema dale komplikovat a zneprehlednovat podnikatelské prostrediv EU.

CCU potrebuje podporu v jasné legislativé a prijatelnosti pro podnikatelskou sféru!

Souhrnny prehled relevantni legislativy, komunikace EU a hlavni ,vyzvy* jsou uvedeny v dalSim textu prezentace
k vaSemu seznameni s predpokladem jeji transpozice (tam, kde se to jeSté nestalo) a jeji postupné akceptace v
CR. Je indikovana mozna role CR v napravé nékterych legislativnich opatieni tak, aby problematika CCU byla
spravné interpretovana, podporena a realizovana.



Post- EU Green Deal and the tabling of the Fit-for-55
package

In the 2023 revision of the ETS Directive, the Delegated Act on permanent CCU allows not to
surrender ETS allowances when fossil CO2 is captured and permanently chemically
bound in a product in a way that CO2 is not released at the end-of-life. The ETS revision also
stipulates that when carbon is captured and used in a non-permanently chemically bound
way according to the delegated act, like in fuels such as renewable fuels of non-biological
origin (RFNBO) or recycled carbon fuels (RCF), ETS allowances need to be paid for by the
installation where they first originate.

See: C(2024)5294; COMMISSION DELEGATED REGULATION (EU) .../... supplementing Directive 2003/87/EC of
the European Parliament and of the Council as regards the requirements for considering that greenhouse gases
have become permanently chemically bound in a product; available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=PI_COM:C(2024)5294 ; hereinafter referred to as “DA for permanent CCU”



Post- EU Green Deal and the tabling of the Fit-for-55
package

The 2023 revision of the Renewable Energy Directive (RED Ill) features quotas and targets for the
use of renewable hydrogen as well as for CCU fuels such as RFNBOs and RCFs:

* atleast 5.5% of the energy consumed in transport to come from RFNBOs or advanced biofuels by
2030, of which a share of at least 1% must be reached through RFNBOs;

* atleast 42% of the hydrogen consumed in industry to come from RFNBOs by 2030, this target
increases to 60% by 2035. Member States may reduce the target by 20% (meaning to 33.6% in
2030), if:

+ the Member State’s national contribution to the overall EU target is in line with their
expected contribution;

4+ the share of hydrogen produced from non-fossil sources (which include nuclear) is
at least 77% in 2030 and 80% in 2035.

See: Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the promotion
of the use of energy from renewable sources (recast), available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A32018L200; hereinafter referred to as “RED”



Post- EU Green Deal and the tabling of the Fit-for-55
package

Specific GHG emissions accounting rules exist in the RED to drive certain activities towards
biogenic carbon rather than fossil carbon (Annex 5.C; Annex 6.B), by crediting emission savings
when CO2 from biofuel and biomass fuel production is captured and used to replace fossil
CO2 in the production of commercial products (“E_.,”):

E... covers only the replacement of fossil CO2 and not the use of biogenic CO2 for other
CCU purposes that don’t entail the replacement of fossil CO2.



Post- EU Green Deal and the tabling of the Fit-for-55
package

* The Delegated Act on additionality, geographical and temporal correlation of the 2018 Renewable
Energy Directive (REDII) specifies the criteria and conditions that need to be fulfilled to produce
RFNBOs and RCFs.

See: Commission Delegated Regulation (EU) 2023/1184 of 10 February 2023 supplementing Directive (EU)
2018/2001 of the European Parliament and of the Council by establishing a Union methodology setting out
detailed rules for the production of renewable liquid and gaseous transport fuels of non-biological origin,
available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023R 1184, hereinafter referred
to as “DA on additionality”

 The REDII Delegated Act on the methodology to calculate the reductions of GHG emissions from
RFNBO and RCF production.

See: Commission Delegated Regulation (EU) 2023/1185 of 10 February 2023 supplementing Directive (EU) 2018/2001
of the European Parliament and of the Council by establishing a minimum threshold for greenhouse gas emissions
savings of recycled carbon fuels and by specifying a methodology for assessing greenhouse gas emissions savings
from renewable liquid and gaseous transport fuels of non-biological origin and from recycled carbon fuels ; available
at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023R1185&qid=1704969410796, hereinafter
referred to as “DA on GHG methodology”



Post- EU Green Deal and the tabling of the Fit-for-55
package

 ReFuelEU Aviation created quotas for sustainable aviation fuels (SAFs), which include certain biofuels
as well as RFNBOs, RCFs and certain low carbon fuels: minimum 6%, 20%, 34%, 42%, 70% by
2025/30/40/45/50, respectively. It also creates dedicated quotas for RFNBOs and certain low carbon
aviation fuels: minimum 0.7%, 5%, 10%, 15%, 35% by 2030/35/40/45/50, respectively.

See: Regulation (EU) 2023/2405 of the European Parliament and of the Council of 18 October 2023 on ensuring a level
playing field for sustainable air transport (ReFuelEU Aviation); available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A32023R2405

* FuelEU Maritime takes a slightly different approach, by mandating binding GHG reduction targets for
fuels used on ships: 2%, 6%, 14.5%, 31%, 62%, 80% in 2025/30/35/40/45/50, respectively. It also
includes a conditional quota: a 2% RFNBOs quota will be set for 2034 if RFNBOs account for less than
1% in fuel mix in 2031.

See: Commission Delegated Regulation (EU) 2023/1185 of 10 February 2023 supplementing Directive (EU) 2018/2001
of the European Parliament and of the Council by establishing a minimum threshold for greenhouse gas emissions
savings of recycled carbon fuels and by specifying a methodology for assessing greenhouse gas emissions savings
from renewable liquid and gaseous transport fuels of non-biological origin and from recycled carbon fuels ; available
at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023R1185&qid=1704969410796; hereinafter
referred to as “DA on GHG methodology”



Post- EU Green Deal and the tabling of the Fit-for-55
package

* The Net Zero Industry Act (NZIA) lists the net-zero technologies that will be required for the
climate transition. These include carbon capture, CO2 utilisation, CO2 transport, sustainable

alternative fuels and RFNBOs technologies.
See: Regulation (EU) 2024/1735 of the European Parliament and of the Council of 13 June 2024 on establishing a

framework of measures for strengthening Europe’s net-zero technology manufacturing ecosystem and amending
Regulation (EU) 2018/1724; available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=0J:L_202401735

* The Gas Package Directive plans for a delegated act to specify the conditions and criteria to fulfil for a
fuel to be considered low carbon (e.g. using nuclear energy to produce hydrogen and mixing it with
CO2). Some specific low carbon fuels are eligible to certain targets (e.g. FuelEU Maritime, ReFuelEU
Aviation).

See: https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14303-Methodology-to-determine-the-
greenhouse-gas-GHG-emission-savings-of-low-carbon-fuels_en; hereinafter referred to as “DA on LCF”



Post- EU Green Deal and the tabling of the Fit-for-55
package

* Under the proposed revision of the Energy Taxation Directive, still being discussed at EU level, new
provisions for RFNBOs and low carbon fuels including RCFs were proposed (e.g. to have zero-rated
taxation for such fuels in aviation and shipping) but are still under negotiations by members of the
Council of the EU.

See: https://commission.europa.eu/document/b8f6d84f-ca48-46b9-8bb9-e76a7ac53da4 _en

* The Carbon Removals Certification Framework (CRCF) is creating definitions and rules for
permanent CCU applications using biogenic or atmospheric CO2, including permanently
chemically bound carbon in products. The use of carbon from DAC or CO2 from sustainable
biomass in mineralisation products would be considered as carbon removals under EU law and
financially incentivised. The framework is also presenting rules for storing carbon in long-lasting
products for at least 35 years (focusing for the moment on wood-based construction products).

* The currently negotiated 2023 proposal for the Green Claims Directive may allow claims on future
environmental performance based on the use of carbon credits for permanent carbon removals issued
in accordance with the CRCF.

See: COM/2023/166; Proposal for a Directive [...] on substantiation and communication of explicit environmental
claims (Green Claims Directive); available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=COM%3A2023%3A0166%3AFIN



Post- EU Green Deal and the tabling of the Fit-for-55
package - Communications

* The EU 2040 Target Communication29 recommends a net 90% GHG emissions reduction target by
2040 compared to 1990 levels. It presents the technologies needed to reach that target, which
include renewable and low-carbon energy deployment, carbon removals, CCS and CCU.

See: COM/2024/63; Communication from The Commission [...] Securing our future Europe's 2040 climate target and
path to climate neutrality by 2050 building a sustainable, just and prosperous society, available at https.//eur-

lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2024%3A63%3AFIN, hereinafter referred to as “2040 target
communication”

* The Industrial Carbon Management Strategy (ICM) covers CO, transport, storage, utilisation, and
carbon removals (CDR). It models 280 Mt of CO, to be captured in Europe by 2040 (with about 170

Mt for storage and 90 Mt for utilisation) and 450 Mt by 2050 (with 250 Mt for storage and 200 Mt for
utilisation).

See: COM/2024/62; Communication from The Commission [...] Towards an ambitious Industrial Carbon Management
for the EU, available at: https.//eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2024:62:FIN



Post- EU Green Deal and the tabling of the Fit-for-55
package - Communications

* The Sustainable Carbon Cycles Communication called for recycling carbon from waste streams, from
sustainable sources of biomass or directly from the atmosphere, to use it in place of fossil carbon in
the sectors of the economy that will inevitably remain carbon dependent. The Communication
included an aspirational target of at least 20% of the carbon used in the chemical and plastic products
to be from sustainable non-fossil sources by 2030.

See: COM/2021/800; Communication from the Commission [...] Sustainable Carbon Cycles, available at : https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0800

« The Communication on Biotechnology and Biomanufacturing recognises the importance of CCU and
highlights that alternative feedstock, like sustainable biomass, recycled waste and CO2 captured from
biogenic sources could be used for the manufacturing of polymers, plastics, solvents, paints,
detergents, cosmetics and pharmaceuticals, contributing to emission reduction, resource efficiency
and strategic autonomy.

See: COM/2024/137; Communication from The Commission [...] Building the future with nature: Boosting
Biotechnology and Biomanufacturing in the EU, available at : https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=celex:52024DC0137



Post- EU Green Deal and the tabling of the Fit-for-55
package - 2025

In 2025, the Commission is expected to publish additional non-legislative pieces of legislation in
connection with already publishedthe Clean Industrial Deal , such as the Industrial
Decarbonisation Accelerator Act, the Circular Economy Act and the upcoming Bioeconomy
Strategy. These files can further clarify policy support for the development of CCU value chains.

The complexity of the policy framework has been identified as the main hurdle for the ramp-up of CCU
technologies. Specific challenges can be identified for energetic applications, for example the production
of RFNBOs, RCFs or certain CCU low-carbon fuels, both when used in transport (e.g. shipping, aviation,
etc.) orin industry (e.g. using e-methane or e-methanol in energy-intensive industries). Some of these
challenges are linked to the rules around renewable hydrogen and its derivatives as stipulated in the DA
on additionality and the DA on GHG methodology. Alone the fact that the European Commission has
issued guidance on those DAs underlines the complexity that stakeholders operate under. Non-energetic
CCU applications like CCU chemicals or mineralisation share some of those challenges or are confronted
with other, more application specific.



Policy Framework - the primary challenges

Complexity of terms & definitions

* The multitude of policy instruments that are pertinent for CCU has led to an increasing number of
definitions for product categories or use of terms that are not properly defined. The excessively
detailed and convoluted rules make it challenging for project proponents to clearly identify the
appropriate category for their products. This lack of straightforward categorisation hampers the ability
to plan and execute projects efficiently, leading to uncertainty and potential financial risks.

 The lack of a distinction in the treatment between avoidable (fossil fuel combustion) and
unavoidable (from the chemistry of the process) emissions is a challenge for hard-to-abate
industries because the latter are consubstantial to the production of certain goods that are, under
current circumstances, not feasible to be produced in other ways (e.g. steel, cement).



Policy Framework - the primary challenges

Time limits for CO2 sources that can be considered avoided when used for RFNBO/RCF production

* The “sunset clauses” set by the DA on GHG methodology stipulates that carbon captured from ETS
installations and utilised in RFNBO or RCF will no longer be considered avoided from 2041
onwards. This sunset date is set to 2036 if the carbon captured is originating from electricity
generation. A specific review clause in the DA provides for the assessment of whether those dates
are fit-for-purpose.

 Such sunset clauses represent a key challenge for RFNBO/RCF projects, especially for those that
are related to energy intensive industries, and which have a lifetime of over 15, 20 or 25 years,
even more if one includes the planning and preparations to enter into operation. Not being able to
use a continuous stream of CO,, after 2041 is preventing investments in RFNBOs/RCFs projects already
today. Limiting the possibility of valorising such emissions means that companies will not be able to
invest into non-permanent CCU for those emissions.

* Additionally, CO, infrastructure rollout would also highly depend on the expected usage of the
infrastructure for the transport of captured CO, over extended periods of time, i.e. beyond 15
years. Limiting the use of this source of CO, for utilisation is therefore, posing a risk for the further
development of the necessary infrastructure.



Policy Framework - the primary challenges

Rules on additionality, temporal and geographical correlation for renewable hydrogen production

* While itis generally acknowledged that, after a long waiting period, the existence of rules behind
RFNBO production is bringing a minimum of legal certainty, the strict nature of such rules
prohibits the ramp-up of renewable hydrogen and derivatives like CCU fuels:

* The requirement relating to hourly temporal correlation between electricity generation and
consumption for RFNBO production, would increase the cost of renewable hydrogen preventing

industrial projects getting off the ground because of the need to secure larger and more diversified
capacity to cover the hourly requirement.

* The limitation of not being able to use electricity from sources that have been even partly
subsidised strongly limits the available electricity resources and is forcing RFNBO producers to
search for renewable electricity sources under unfavourable conditions (e.g. in neighbouring
bidding zones) increasing the total costs of production.

Taxonomy

* CCU isonly mentioned indirectly is the EU taxonomy for determining sustainable economic activities.

Although synthetic fuels or research into carbon capture are named, CCU is not mentioned as an
independent economic activity.



Policy Framework - the primary challenges

Accounting of CO, in non-permanent CCU applications

* Incurrentrules, when capturing and using CO, in RFNBOs or RCFs, the original producer of the CO,
(upstream) is responsible for paying ETS allowances to cover those emissions. Such a system
presents (avoiding double counting) a challenge for upstream CO, producers, especially from
unavoidable process emissions, as it places on them the burden of covering both the ETS and the
capture investment, leading them to search for compensation in the downstream off-taker agreement
(e.g.inthe CO, price) and effectively disincentivising the investment in the CCU value chain.

CO,-based chemicals and materials

* The current EU ETS Directive rules disincentivise the production of chemicals from fossil captured
carbon vis-a-vis virgin fossil-based equivalents and hamper the further development of non-
permanent CCU chemical applications. Currently, the carbon captured and used as feedstock in a
product, displacing virgin fossil carbon feedstock, still needs to be paid for as if it was emitted, even if it
is not. Furthermore, the ETS only recognises CCU products if there are no emissions during the use and
end-of-life stages. As such, non-permanent CCU for chemicals and material production lack
recognition in the EU framework.

* Upcoming certification rules in the CRCF include a category of carbon storage in long-lasting products,
but so far it is unclear whether this would include any CCU pathways using biogenic or atmospheric
CO, and whether CO,-based chemicals would qualify under that category.



Policy Framework - the primary challenges

CO2 mineralisation

Mineralisation of ETS related CO, is addressed in the DA of permanent CCU and mineralisation of
atmospheric or biogenic CO, under the CRCF.

Rules on Permanent CCU have been tabled at EU level through the DA on permanent CCU but the list of
eligible products is for the moment only focusing on the construction sector and does not foresee
other products.

Certification rules on carbon removals reflecting permanent CCU are needed.

The challenge of monitoring carbon sequestration into products (irrespectively of the source of CO,)
over extended periods and beyond the product’s lifecycle is a challenging aspect that is not directly
covered.

Mineralisation products must be certified, but the way such certifications will be delivered and
validated by competent authorities is not yet clearly timed and planned. In parallel, a challenge
regarding standardisation of construction products is that it is based on composition and not
performance, therefore the current standardisation framework is not favouring construction
products that are incorporating CO2-based materials.



Policy Framework - the primary challenges

Imports and exports

« Many CCU products are and will continue to be tradable goods. Domestic production will need to be
complemented with imports to cover demand. Within this context the trading of CCU products
presents some challenges that could have an influence on both ways of the trading (i.e. either block
necessary imports, or force domestic production outside Europe)

* Asignificant risk associated with hurdles in CCU fuel production within the European Union s the
potential for those CCU projects to be relocated to other regions with more favourable economic or
regulatory conditions. If the cost of producing CCU fuels within the EU becomes prohibitively high
due to stringent regulations, taxes, or other financial pressures, companies may choose to
develop these projects in countries outside the EU where the cost of production is lower.



Zpracovano s vyuzitim:

Report on enabling conditions for industrial deployment of CCU
Industrial Carbon Management Forum
Working Group on Carbon Capture & Utilisation
02/2025

Kontakt: Ing. lvan Soucek, Ph.D. (ivan.soucek@schpcr.cz)
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Uhlovodiky — vstupni surovina - 2023 .......2050
ENERGETICKY PRUMYSL — ENERGY COUPLING

SABATIER REACTION

TRANSFORMATION

CHEMICAL |<—>

CO,+4H, > CH,; +2 H,0 + energy

Power Generation

Electricity Storage

Wilhelmshaven
ELEKTROLYZER 2028
500 MW, 1 GW

Sector Coupling
in Europe:
Powering
Decarbonization

P2G - vSestranna, meziodvétvova technologie
podporuje prechod na OZE a integraci OZE do rGznych oblasti spotreby energie

Energie ve formé plynu vyzaduje priblizné stokrat mensi objem nez voda v precerpavaci stanici.


https://data.bloomberglp.com/professional/sites/24/BNEF-Sector-Coupling-Report-Feb-2020.pdf
https://www.cleanenergywire.org/news/investors-plan-import-terminal-synthetic-methane-middle-east-germany

CO, Czech Solution Group structure

Predseda RV Mistopfedseda RV Vykonny reditel

CO,

Czech Solution Group

VVR - Védecko-vyzkumna rada - CCU

2.
Carbon
Utilization

Zachyt CO,
Pre/Post combustion
Oxyfuels, DAC

TRANSFORMACE
CO, - H,0

Transport Syntéza chemickych
CcO, produkt( CO, -H,

MeOH
EtOH
Metan
Etylen
ajiné...

Skladovani
co,

BECCS
Biosequestration
C3, C4, ZPF,LPF S

Mineralizace

Vzdé&lavani - Dizertatni/Diplomové prace

Podptrné aktivity CCU

3. 4.
Vyzkumné a inovaini Business development
projekty projekty

k TECHNOLOGICKE
CENTRUM PRAHA

Projektovy koordinatofi

Identifikace pfileZitosti
Vytipovani partnert
Zprostiredkovani spoluprace

Cilené konzultace k pfipravé a fizeni projektd

Publicita, Osvéta, PR

3
Spolecenské
faktory

Legislativa

Narodni

MPO  MZP

RVUR
Rada vlddy pro
udritelny

EU
Commission
Expert groups

[ 3
" ® EURC

KOMERCNI CiLE (BUSINESS)

6.
KOMERCIOMNALIZACE

Producenti CO,

COz VALUE

Taxonomie

EUETS - EUETS-2

CSRD (Corporate Sustainability Reporting Directive)
CBAM (Carbon Border Adjustment Mechanizm)
CDM (Clean Development Mechanizm)

Energeticky sektor, vyroba cementu, oceli, hliniku,
rafinace ropy, wroba papiru, skla, chemickych latek a
hnaojiv...

Vyzva ¢eskym subjektlim — vytvarime spolecné:




nerreg - Co-funded by

CENTRAL EUROPE the European Union

GreenChemForCE

- Organizations

Academic

GreenChem ForCE - Charles University Prague (CZ) - Lead Partner
University of Ljubljana (SLO)

- Vienna University of Technology (AT)
- Eotvos Lorand University (HU)
Industrial

- SRIMC (HU)

- Zentiva k.s. (CZ)

- VTL GmbH (AT)

Organisations

- CCIS (SLO)

SCHP CR (CZ)

+ 6 associated partners
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CO2 Czech Solution Group. z.s.

CO,

Czech Solution Group

1ICO 11641592

ADRESA: Rubeska 393/7, Praha 9 — Vysocany, 190 00 Praha

KONTAKTY:

Ing. Leos Gal Ing. Petr Brenek Ing. Jaroslav Suchy
leos.gal@seznam.cz petr.brenek@pgpt.cz jaroslav.suchy@schpcr.cz

mobil 00420-736 505012 mobil 00420-775 113349 00420-724 809 545


mailto:leos.gal@seznam.cz
mailto:Petr.brenek@pgpt.cz
mailto:jaroslav.suchy@schp.cz

Propojeni védy a praxe

prof. Ing. Milan PospiSil, CSc.
Vysoka Skola chemicko-technologicka v Praze, rektor



Propojeni vedy a praxe

Milan Pospisil
. VYSOKA $KOLA _
6 CHEMICKO-TECHNOLOGICKA
V PRAZE




Zakladni informace o VSCHT Praha

e Technicka univerzita vyzkumného charakteru s orientaci
na chemické technologie, materialovy vyzkum,
potravinarstvi, biochemii, biotechnologie, energie, ZP

* 4 fakulty + Technopark Kralupy (pracovisté CirkTech
v Cizkovicich — poloprovozni termo-chemicky reaktor)

e 4 000 studentu, 1 600 zaméstnancu, 20 % z celkového
poctu studentu tvori doktorandi

* Rozpocet 2,7 mld. KC = 30 % prijmu ze vzdéelavani, 65 %
prijmu z vyzkumu, 5 % ze spoluprace s prumyslem

e 7 hlediska kvality vyzkumu na VS hodnoceni , A“

» Zakladajici ¢len Asociace vyzkumnych univerzit CR



R&D aktivity v oblasti dekarbonizace

* \/yvoj nizkoemisnich technologii vyroby a konzervace
energie (H, technologie, palivove clanky, baterie)

 Studium a optimalizace technologii na zpracovani
odpadniho CO, (elektrochemické/chemické reakce,
pyrolyza, transformace na CO/H,)

* \/\yvoj novych katalyzatord umoznujicich snizit energet.
narocnost a zvysit vytezky chemickych synteéz

e Ukladani nadprodukce energie do chemické vazby
(dlouhodobé skladovani energie)

* Optimalizace separacnich a sorpcnich metod pro
zkoncentrovani a cisténi odpadniho CO,



Moznosti spoluprace s prumyslem

* Nutno nabidnout komplexni reseni technologickych
problému —> propojeni pracovist vice VS a Ustavu AV CR)

* Moznost zapojeni doktorandt do vyzkumu —> dobry
pomeér cena — vykon, forma prumyslového doktoratu

e Spoluprace optimalné formou kolaborativniho vyzkumu
— partneri se podili na formulaci vyzkumného zameéru
a nesou rizika za dosazeni vysledkU, prava k dusevnimu
vlastnictvi rozdelena umeérne jejich podilu na reseni
— nehrozi riziko nedovolené podpory dle Ramce

* Chybi disponibilni rizikovy kapital pro financovani tzv.
upscalingu vysledku vyzkumu z TRL 3-4 na TRL 6-7
— mimo moznosti VS, rizikova operace pro firmy



CCU a uplatneéni v praxi - Case Study

Ing. Petr Brenek
CO2 Czech Solution Group, predseda ridiciho vyboru

prof. Ing. Milan Pospisil, CSc.
Vysoka Skola chemicko-technologicka v Praze, rektor

Ing. Jan Gemrich
Svaz vyrobcu cementu, vykonny tajemnik

Ing. Vojtéch Kincl
Vapenka Certovy schody, technicky reditel



CCU a uplatneéni v praxi
— Case Study <

Petr Brenek Milan Pospisil

Czech( gj;oggz 2

Vojtéch Kincl Jan Gemrich
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Soucasny stav

* V CR vyroba stavebnich hmot na bazi vapna
a cementu emituje rocne 3,6 mil. tun CO,

o/ CHEMICKEVHO PRINCIPU vyroba vapna
a cementu VZDY BUDE zdrojem emisi CO,

* Emise CO, lze snizit: usporou energii, pouzitim
OZE / JTE energie, technologiemi CCS (zgchyt a
uloZeni CO,), technologiemi CCU (z4chyt a vyuziti CO,)

v

Priprava pilotniho projektu CCU na ovéreni
moznosti vyuziti emisi CO, pro vyrobu vhodnych
chemickych produktu s pfidanou hodnotou.




Vyroba vapna - emise CO,

VAPNO JE V NASEM KAZDODENNIM ZIVOTE NEZBYTNE

Cisténi spalin
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Uprava vody
(pitna i odpadni)

Zemédélstvi

Lhoist Central Europe
Vapenka Certovy schody a.s.
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Papirenstvi

Chemicky
pramysl

Vapno a vapenec hraje v nasem kazdodennim Zivoté zasadni roli.

Je velmi dailezité zajistit spravnou kvalitu a mnozstvi v ramci CR.




Vyroba vapna - emise CO,

VAPNO JE V NASEM KAZDODENNIM ZIVOTE NEZBYTNE g Lhoist

NaSe spolec¢na vyzva: Procesni CO,

LEVEL SUSTAINABLE.
BLUE® | \ow""
CaCO; Ca0 +CO,
Shee LEVEL pLE.
Vapenec Vapno ., GREEN® EN;LE%ITWLE
. : fh{/{
Resitelné %@
Resent: 1,2tCO, Regent:
* Energeticka Gcinnost ( na1tunu CaO* ) « Zachytavani a ukladani uhliku
= Zachytavani a vyuZzivani uhliku

* Zména paliv
*) Based on GHG Protocol Scope 1, 2 and 3 upstream (Lhoist EU Average) /

Vapno a vapenec hraje v nasem kazdodennim zivoté zasadni roli.

Je velmi dailezité zajistit spravnou kvalitu a mnoZstvi v ramci CR.

Lhoist Central Europe
Vapenka Certovy schody a.s.




Vyroba cementu - emise CO,

Chemical Pulp & Paper Petroleum Agricultural waste
Solvents, plastics, Mill residue refinding Biomass
catalysts incineration ash Clay, oils, spent,

Local icipality .ﬂr{% ’ | gg;atalysg x

Sewage sludge, s
municipal solid
waSte & |

Traditional fuels
Energy Coal, gas,
petroleum coke fuel oil

=
=

Construction and
buidling materials
Waste board and

gypsum

Aluminium
manufacture
X 2 Fluorine
Crushed sand and Spent pot liner
foundry sand
Foundries (Si, Al, Ca, Fe)

Electric power
Fly ash, dust,
gypsum, sulphur

3% |85t
%L;mt Decarbonized raw materials

utilization and storage

New types of clinker and \\\\\“"',,/ A!thatll\rsesa:\d biomass fuels

alternative cements

- in research % Emissions 2000 / 10% | 2841
% 728 é Thermal efficiency of rotary
Low-emission hydrogen = b/ o == kinsystems
and renewable electricity —
- in monitoring l‘é Emissions 2050 % T
/ \\§ Cements with lower

c:.:mmmﬁ? /////I;;.ﬁ\‘\\ clinker content SVAZ VYROBCU CEMENTU CR 2025




Vyroba cementu - emise CO

Reduction of greenhouse D ization of cement p
gas emissions in cement
and concrete production

Making low carbon cement
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Decarbonization projects and investments
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Raw materials

The langest source of CO, emissions ocours
during the decomprsition of the limestone.
component of raw materlal miwure in 3 rotary
kil The use of decarboatzed raw materials

0 prepare the raw miatestial mixase s § poeential
source of minoe emission savings. Waste
miaterials and by-peaducts from other industries
cam be wed to replsce Bmestone 1o the extent
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Include secycled cement stooe from concrete

at demobition sites, flusdined fly ash, certain
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of CO, emimim mduction by this cabutssetin
by 2050 s sppron. 1-7% refative 10 2024,

® Investments 204]-2050

N0a0(m C2N)

@ Investments 2031-2040

27 783 (mil. C2X)

o Investments 2024-2000

15 415 [mil. C2X)

Part 1- the cement industry’s internal measures

Clinker and improved thermal
efficiency of rotary kiln systems
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Part 3 - Carbon Capture and Storage
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yroba cementu - emise CO,

~ Norcem - Northern Lights
investice Norska 25 mld. norskych korun

Slite - Svédsko
investice Svédska 371 mil. $védskych korun

SVAZ VYROBCU CEMENTU CR 2025




Parametry pilotniho projektu CCU

* Racionalni velikost projektu » 3 -5 kt CO,/rok

* Kombinovane technologické reseni: separace
a cisteni CO,, transformace CO, na syngas,
syntéza finalnich produkti na baziC-H-0O

* Racionalni se ukazuje kontejnerove usporadani

* Optimalizace jednotlivych technologickych
kroku s cilem nastavit ekonomicky udrzitelny
provoz (bez nutnosti subvenci)

« CAPEX formou vhodného dotacniho nastroje
* Spoluprace akademické a prumysloveé sféry



Primeé zpracovani emisi CO,

Vyroba mocoviny reakci s amoniakem

mocovina
CO, + 2NH,; » CO(NH,), + H,O

1000t 770t 1360t 410 t

* prumyslové dobfe zvladnuta technologie
(tzv. Bosch—-Meiser reakce)

* nutno zajistit Cistotu vstupniho CO,
* nhutno vybudovat ¢pavkové hospodarstvi
e otazkou je poptavka po mocoviné



Primarni transformace emisi CO,,

Emise CO, je nutno transformovat na CO (nebo i H2)

A. Reakce s metanem (suchy reforming)
cOo,+ CH, » 2CO + 2H,
1000t 360t 1270t 90t

B. Reakce s vodikem

CO, + H, » CO + H,O

1000t 45t 630t {410t;

C. Co-elektrolyza s vodni parou
CO, + HO > CO + H, + O,
1000t 410t 630t 45t 730t




Primarni transformace emisi CO,

* Elektrolyticka vyroba H, je energeticky narocna
1tH,=55 MW, ., +9tH.,0O

el.en.
* Suchy reforming je jiz komercne dostupny
(Linde/BASF, Paul Wurth, CHIYODA Co.)

* Vlybér vhodné technologie pro cisteni
a zkoncentrovani CO, = suseni, odpraseni,
desulfurizace, odstraneni NO,,,
absorpce / membranove technologie /
katalytickeé procesy

* VVyrobeny CO ve smesi s H, je vstupni surovinou
pro syntézu finalnich produktl s vyssi pfidanou
hodnotou (alkoholy, uhlovodiky)



Fermentacni vyroba etanolu

Case Study: CO, + H, for 5,000 tpa ethanol capacity

Ethanol : 0,625 t/h ( 0,12 t/h CO,,)
1,3 t/h CO, (>99%) "

LanzaTech™ el
0,18 t/h H2 (>99%) Gas Fermentation Process - Tail Gas : 0.78 GJ/h

\ Treated water : 0,78 m®/h

Utilities :
Biocatalyst and media Power: 0,47 MW
Bulk chemicals Steam : 0,97 t/h

Cooling Water Duty : 7,4 GJ/h

CO, (CO) + nH, » C,H.OH + H,O
1000t (630t) 140t 480t 600t

(provozni bilance)



Fischer-Tropschova syntéeza

A. Vyroba uhlovodiks
(CO,) CO + nH, > mCH, + o|-|20
(1000t) 630t 95t 315t  {405t;

B. Vyroba alkoholu (metanolu)
(CO,) CO + 2H, » CH,OH
(1000t) 630t 90t 7201

* prumyslové velmi dobfe zvladnuta technologie

o\ / o

* je treba upravit pomer CO / H, - pridat vodik



Zaverecny souhrn

* Koncept CCU pro zpracovani emisi CO, z vyroby
vapna / cementu je technicky schudny jako
kombinace krokU c¢isténi/zkoncentrovani plynnych
emisi, transformace CO, na CO (+H,) a finalni
syntézy produktu s pfidanou hodnotou (alkoholy)

 Technologie pro jednotlivé kroky pramyslového
zpracovani emisi CO, jsou komercne dostupné

* Bude nutno pilotné optimalizovat a overit propojeni
jednotlivych  krokli procesu CCU predevsSim
z hlediska jeho ekonomické udrzitelnosti (OPEX bez
potreby dotaci) > moznost nastaveni optimalni
finalni syntetické koncovky dle situace na trhu



Carbon and NOx capture from Industrial emissions

Thomas Nag|
Filcom Umwelttechnolgie, CEO



NOXCON

environmental solutions

1y

CO,/NO, Capturing, Storage and Utilization




environmental solutions

Company presentation I’ N OXC 0 N

 Ale _ada

CO,& NO, capture

* Noxcon environmental solutions GmbH is a Start Up company but with more than 90 years experience in the field of air
filtration, gas capturing, gas measurement

* Located near Linz, Austria

* Measurement equipment on highest technical level



Big Picture CO, Capture & Utilization (CCU)

I

NOXCON

environmental solutions

A Sources of CO , B Capture of CO , C Utilization of CO , D CCU categories E Substitute F CCU lifetime
co;,
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environmental solutions

Why NOXCON? Iv NOXCON

Noxcon provides more than CO, capturing. We offer solutions
capturing NO, , which can be converted into the precious end Q i ®

product Nitric Acid.

Our promise? We can provide a proven solution today. No lab
testing, no concepts... We do capture in practice!




How it works I NOXCON

environmental solutions
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environmental solutions

How it works I’ NOXCON
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environmental solutions

How it works IJ NOXCON

NOx or CO, >

CODLER
HEATER

Processing:
- Usage in Greenhouse applications
- Production of Nitric Acid

Advantages of the system:

- Variable sizes

- Low energy consumption

- Independence

—> Direct connection to exhaust air



environmental solutions

How it works Iv N OXC 0 N
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NOx and CO, > I ——— L L s S —_—— e N
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Processing:

- Usage in Greenhouse applications
- Production of Nitric Acid

Advantages of the system:

- Variable sizes

- Low energy consumption

- Independence

—> Direct connection to exhaust air




environmental solutions

Efficiency of the System IJ N OXC 0 N

-

Measurement at the
air outlet of the unit

testo 400



environmental solutions

Efficiency of the System I’ N OXC 0 N

No loss of the efficiency
even at higher inlet
concentrations
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Automation

CIRHO l

0,0 ppm
CIR 705

2,6 ppm
CIR 706

1.7 ppm

FIR 702
9512,0 |m’h

K,

Ubersicht

Bediener

PIR 402
0,00 |mbar|
TIR 601 TIR 301
303 | < | PIR 401 252 |
MIR 601 0,00 [mbar MIR 301
255 % 49,7 I %
PIR 403
0,00 |mbar
FIR 802

00 [min

Datum und Uhrzeit

Gesamteistung

e

Istdrehzahl
2500 U/min

NOXCON

environmental solutions
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OPEX Calculation I N OXC 0 N

environmental solutions

Full Load Operation with Outside Air
12 h loading
7 h Desorption (30 kW electrical for heating)
approx. 250 kg per loading
210 kWh for heating + 120 kWh for the blower
—> 4-5 loadings per ton of CO,
(210 + 120) * 4,5 = 1.485 kWh - € 150,00 OPEX for Outside Air

Increasing the inlet concentration by a factor of 40 from 450 ppm to ~ 20000 ppm (2 Vol %)
- reduction of loading time from 12 to 2,4 hours
— desorption energy consumption will remain the same
210 kWh for heating + 24 kWh for the blower
—> 4-5 loadings per ton of CO,
(210 + 24) * 4,5 = 1.053 kWh = € 100,00 OPEX for Increased inlet concentration

If heat can be recovered from an heat exchanger resp. heat is on site + Increased Inlet concentration
50 kWh for heating + 24 kWh for the blower
—> 4-5 loadings per ton of CO,
(50 + 24) * 4,5 =333 kWh - € 35,00 OPEX for Increased inlet concentration + Heat Exchanger On Site



Portable Test Filter Unit
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environmental solutions

Portable Test Filter Unit Iv N OXC 0 N

* Fully functional test filter unit can be installed at the end
customer on a trailer and be connected to the chimeny resp.
air outlet

e Air volume 400 m3/h max.

* Measurement of NOx and CO, + X-Ray analysis of the
different components

* Possibility to install 5 different filter media

* Complete air quality analysis before and after the unit incl.
evaluation and recommendation of a concept for a fully
functional large unit ; | ‘

* Total Costs for this service € 15.000,00 per week JLE T o s e o He
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Praktické zkusenosti se zachytem CO2
a perspektiva jeho vyuziti

Ing. Marek Bobak, Ph.D.
MemBrain, reditel vyzkumu a vyvoje



Praktickeé zkuse
a perspektiva je

Ing. Marek Bobak, Ph.D.
12. brezna 2025
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OBSAH

* Kdo jsme a co délame

* Separace CO, ze spalin - popis vyvinutého procesu
« Separace CO, ze spalin - pilotni testy, vysledky

« Kombinovana technologie separace a konverze CO,
* lybér technologie konverze

* Ocekdvané parametry

e ZAVer

]
® MemBrain | Your partner for industrial research and innovations
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KDO JSME

* lyzkumna technologicka spolec¢nost zamérena na aplikovany vyzkum

e Soucast skupiny firem Mega

* Vyzkum a vyvoj membranovych procest - separace a konverze
kapalin a plynu

* Cilem je vyvinout nové vyrobky (membrany, moduly, zarizeni), SW a
technologie s lepsimi uzitnymi vlastnostmi

» Vysledky komercionalizujeme transferem nasim partneriim a
zakaznik(m nebo vlastnim portfoliem laboratornich a pilotnich

systéml
55 zaméstnancu, cca 30 specialist(i ve vyzkumu
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CO DELAME

Nové membrany

* Vyzkum a implementace novych materialt a membran

* Vlyvoj novych technologii vyroby membran
Membranové moduly a zafizeni

* Design a inovace membranovych moduld

 Matematické modelovani a simulace

Membranové technologie a aplikace

* Vlyvoj novych technologii a vyrobk( s vyssi pridanou hodnotou




MEMBRANOVE PROCESY V PROMYSLU

VO DA

Odsoleni nebo koncentrace
rlznych typl kapalin

e ZLD (uzavreny obéh vody) -
koncentrace pred evaporaci

 Vyroba ultracisté vody (EDI)
nejen pro vyrobu vodiku

« Recyklace a konverze soli na
kyseliny a louhy

POTRAVINARSTVI

Demineralizace syrovatky
(sladké kyselé)
* Vlyroba laktozy
« Demineralizace UF permeatu
 Demineralizace WPC a WPI
« Uprava pH vina, dZus{

SPECIALNI APLIKACE

Recyklace nemrznoucich smési
» Recyklace absorpcnich ¢inidel
« Recyklace Li baterii
- Cisténi organickych kyselin
« Demineralizace hydrolyzat(
bilkovin
« Vyroba biometanu z bioplynu
 Separace a vyuziti CO,

7



SEPARACE CO, ZE SPALIN

Hlavni cil:

* lyvoj technologie pro separaci CO, ze spalin - spalovani
zemniho plynu, bioplynu a pripadné ZEVO

* Technologie zaloZzena na membranové separaci plynt pro mensi

w wo

meritka

* Pouzité nejlepsi dostupné membranové moduly - vysoka
propustnost CO, a vysoka selektivita CO, /N,

* Navrzena a postavena technologicka jednotka pro on-site ovéreni a
demonstrace

78



PRINCIP MEMBRANOVE SEPARACE

membranovy modul zadrzené plyny - retentat

smés plynd j

membrana déli modul na
dva oddily

9,

vysoce selektivni — —
membrana pro pronikajici plyny - permeat
déleni CO,/N, a

zaroven vysoce

propustna pro CO,

]
m MemBrain | Your partner for industrial research and innovations



PILOTNi TESTY - OVERENI TECHNOLOGIE

Ceskolipska teplarenska

Farma Kamenicany *



PILOTNi TESTY - OVERENI TECHNOLOGIE

Ceskolipska teplarenska
A




PILOTNi TESTY - VYSLEDKY
KGJ na bioplyn v Kamenicanech

Spaliny z kotl{i na zemni plyn Spaliny z KGJ na bioplyn

Nizsi koncentrace NO, NO,, SO, Vyssi koncentrace NO, NO,, SO,
60 °C 150 az 390 °C

5,7 % CO, v suchych spalinach 12 % CO, v suchych spalinach

Produkt 50% CO,: 1,0 az 1,5 kWh/kg CO, Produkt 60% CO,: 0,5 az 0,8 kWh/kg CO,
>95% CO, mozny: 1,5 az 2,3 kWh/kg CO, >95% CO, mozny: 0,8 az 1,3 kWh/kg CO,

* Kapacita pilotni jednotky: 4,6 Nm3/h produktu

]
B MEGA | Scientists, manu facturers &visionaries



SEPARACE CO, ZE SPALIN - ZAVERY

* Navrh technologie Uspésné ovéren na 2 lokalitach s riznymi zdroji

« Hmotnostni i energetické bilance pro rlizné vstupy a podminky

 Jsme schopni navrhnout jednotky pro vétsi kapacitu a rizné zdroje
 Je mozné produkovat CO, o koncentraci 50 azZ 95 vol.%

* Jsme schopni zkombinovat s naslednym zkapalnénim

* Mozné navrhnout vyuziti CO, z fermentacnich proces( a upgradingu
bioplynu

« Dodavame technologie pro regeneraci absorpcnich ¢inidel v
DAC/DOC

]
B MEGA | Scientists, manu facturers &visionaries



VYUZITI SEPAROVANEHO CO,

HEEEE BF

]
m MemBrain | Your partner for industrial research and innovations
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VYUZITi SEPAROVANEHO CO,
Cil:

* Integrovana technologie pro separaci CO, ze spalin ¢i jiného
zdroje s naslednou konverzi na vyuzitelny produkt

Parametry:

« Zaméreni na mensi kapacity a aplikace, ale s lepsi ekonomikou
* Provozné jednoducha technologie pokud mozno bezobsluzna
* Mistni vyuziti produktu nebo snadna/levna logistika a prode;
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VYBER KONVERZNi TECHNOLOGIE

* Co nejjednodussi proces nenarocny na obsluhu

* Neprodukujici odpadni latky

* Nejsou potreba dalsi latky kromé bézZné dostupnych
« Umoznujici produkci rtznych produktl s co nejlepsi

ekonomikou ‘

Vybrana metoda pfimé elektroredukce CO, -
spolupracujeme s partnerem na integrované technologii
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ELEKTROREDUKCE - VYROBA CHEMIKALI{

Carbon dioxide
Co,
+8¢ l

+12e +12e +18¢

“ J - WJ
Carbon monoxide Formic acid Methanol Methane Ethylene Ethanol Propanol
co HCOOH CH,0H CH, C,H, C,H,OH C,H,0H
Electroreduction of CO,
Coal gasification Methyl formate Syngas conversion Steam cracking Ethylene hydration Propionaldehyde
hydrolysis hydrogenation
C+H,09CO+H, CO + 2H, < CH;0H Major C;Hg = CH, + other | CH,+ H,0 = CHOH
CH;OH + CO = component of cracking products CH +CO+ H, 2
Steam reforming HCOOCH, natural gas Fermentation CH0
CH‘ * H)O =2 CO+ 3"2 chCH, + H)O - C,,H,)Oo el ZC)H-;OH . C,H‘o + H) B C’H,OH
2C0,

Current industrial production methods

. Leonzio et al. Chemical Engineering Research and Design 208 (2024) 934-955




Polycarbonates @
Salicylic acid @

® Commerciahzed
T R L Urea . @ Decmonstration scale
Dimethyl carbonate @----->@ § Development scale
’ Methanec @----->@) |ze pomoci elektroredukce . N TRL 7-9
Methanol |@----->@ [ze pomoci elektroredukce
Microalgae @------- >®
% Calcium carbonates @------- >®
-§ Ethanol @---------- >@ [ze pomoci elektroredukce
=  Sodium carbonates | ========== >
3 Syngas @-----====-=1 >®
2 Ethylene glycol @-----====7==--=~-~= > TRL 4-6
o Formic acid|/@---------~-======2 »&  idealni pomoci elektroredukce
8 Magnesium carbonates §--==-~========---=- >@
= Dimethyl cther @-=============c=-- >
S Formaldchyde @----==============m=-ceuuu-- >
Acetic acid @ ---========-==cmm e >
Acrylic acid @-===========cmmmm e e >3
Carbamates @ ===========mcccccm e > TRL 1-3
Isocyanates - =====o==t=semmsmmndanen oo n »®
Lactones @ ============cm o e >
Malate @ -======-===-cccmmm e —— e >
Other linear carbonates @-============eeemmmcc e cccccccc e c e e aae >
0 5 10 15 20 25

]
® MemBrain | Your partner for industrial research and innovations

Timeframe to deployment (years)
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CHEMICKE VYUZITI

Komoditni chemikalie
* Mocovina (300 USD/t)
« Kyselina salicylova (3500 USD/t)

Energetické chemikalie

8
* Metan 3
* Methanol (750 EUR/t) B
 Kyselina mravendi (700 EUR/t) =
« Dimethylether (1000 EUR/t) §

Syntetické polymery
« Polykarbonat (3000 USD/t)
* Polyuretan (2500 USD/t)

|
® MemBrain | Your partner for industrial research and innovations
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SROVNANiIi PRODUKTU ELEKTROREDUKCE

spalna mérna spotreba Vyrobni naklady za o
. . . cena komoditni
enthalpie energie energie EUR/t**
kJ/mol MWh/t EUR/t*
oxid uhelnaty -283 3-8 300 - 800 -
kyselina mravenci —-255 3-7 300-700 600 - 800
methanol -715 8-20 800 - 2000 700
ethylen -1219 14 1400 - 3300 800 -900
ethanol -1367 16 1600 - 3800 900

*pri cené elektriny 100 EUR/MWh
**nejnovéjsi dostupna data

Pri vyssich kapacitach vyroby chemikalii mohou lépe ekonomicky vychazet jiné technologie valorizace CO,
(napriklad heterogenni katalyza CO, a H, na methanol, vyroba mocoviny aj.)

n
B MemBrain | Your partner for industrial research and innovations 90



MERNA SPOTREBA ENERGIE NA KONVERZI

Kyselina mravenci, 100 kg CO, /h:

zachyt CO, Konverze CO, Celkem
zdroj spalin pfikon (kW) - o vyroba o vyroba HCOOH| ., mérna spotreba
(CO) | 100 kg/h CO2, 2st. | UETMMOSE) |00 (kg/hy| PTIKOM KW) 1 oy~ | PrTkon (kW) )
zemni plyn 230 50 52,2 161 52,2 391 7,5
bioplyn 130 50 52,2 161 52,2 291 5,6
cementarna 100 50 52,2 161 52,2 261 5,0
Methanol, 100 kg CO,/h:
zachyt CO, Konverze CO, Celkem
zdroj spalin prikon (kW) -~ o\ |Vyroba CH,OH| .. vyroba CH,OH| .. mérna spotreba
(CO,) 100 kg/h CO2, 2st. Ucinnost (%) (kg/h) prikon (kW) (kg/h) prikon (kW) (kWh/kg)
zemni plyn 230 50 36 447 36 677 18,8
bioplyn 130 50 36 447 36 577 16,0
cementarna 100 50 36 447 36 547 15,2

Ucinnost 50 % znamena 50 % vyrobeného produktu (HCOOH, CH,OH) pfi stejném pfikonu zafizeni ve srovnani s teoretickym mnoZstvim.

]
B MEGA | Scientists, manufacturers & visionaries
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& L 4
ZAVER
 Jsme schopni navrhnout jednotky pro separaci CO, ze spalin

 Je mozné produkovat CO, o koncentraci 50 az 95 vol.%

* Podilime se na vyvoji kombinované technologie membranové
separace a elektroredukce CO,

« Zamérujeme se na mensi kapacity a aplikace

* Produkty: kyselina mravenci - kromé souc¢asného vyuziti miZe mit
uplatnéni pro palivové clanky, skladovani vodiku aj.

* Dalsi mozny produkt: methanol s vétSim trznim potenciadlem
* Hledame partnery pro on-site pilotni ovéreni

]
® MemBrain | Your partner for industrial research and innovations
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Potrubni transport CO2 - technické vyzvy

Ing. Vaclav Vins, Ph.D.
Ustav termomechaniky AV CR,
zastupce reditele pro védu a vyzkum



INSTITUTE OF THERMOMECHANICS
CZECH ACADEMY OF SCIENCES

O

Pipeline Transport of CO, - Technical Challenges
(Potrubni transport CO; - Technické vyzvy)

Vaclav Vins

Institute of Thermomechanics of the Czech Academy of Sciences, DolejsSkova 5, 18200 Prague, Czech
Republic

vins@it.cas.cz

Mimoradné setkani: CO, jako surovina — redlna cesta €i pouha vize k
dosazeni uhlikové neutrality?!

E&Y + CO2CZ, FLORENTINUM - Praha, 12.3.2025


mailto:vins@it.cas.cz

INSTITUTE OF THERMOMECHANICS
CZECH ACADEMY OF SCIENCES

O

Collaborating Institutions

* RUB = Ruhr-Universitat Bochum (Prof. Roland Span) M
* TUD = Technische Universitat Dresden (Dr. Andreas Jager)
* SINTEF Energy Research SF
* CTU = Czech Technical University in Prague (FME) NEEmING

EERA JP CCS - European Energy Research Alliance (https://eera-ccs.eu/)

v\

* DVGW - Deutscher Verein des Gas und Wasserfaches e.V. DVGW
* CEN = European Committee for Standardization g
‘
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O
Overview

* Technical aspects of CO, transport — primarily the pipeline transport in dense phase

* Properties of CO; vs. other common fluids

* Impurities relevant for CCU/S technologies
* Pipeline transport in USA and EU (Germany) => to save the inland industry

e Current status of standardization of CO, streams

- International ISO norm / German DVGW norm / European CEN norm

* Technical challenges of CO, transport

 Research and innovation gaps

* Economics and legal issues of CO, transport not discussed here
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L a INSTITUTE OF THERMOMECHANICS

Northern Lights in Norway

{ LONGSHIP /NORTHERN LIGHTS SCOPE \
i CO, capture Transport Receiving terminal Permanent storage
: Capture from industrial plants. Liquid CO, Intermediate onshore storage. CO; is injected into a saline aquifer.
Liquefaction and transported by ship. Pipeline transport to offshore
temporary storage. storage location.
n=n ]
| ;

COz2 receiving terminal in @ygarden
in western Norway — will be ready to
receive COz in 2024.

—————————— m\i

https://norlights.com/



Phase Diagrams of Water and Methane

O
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Vapor-liquid phase diagram of methane

Calculated with multiparameter equation of state available in property package REFPROP v.10
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Phase Diagram of Pure CO:

100.

:/ 0 °C & 100 °C isotherms

o s0 e 125°C q00°C
200 ¢ 72 b

ipercritical -
uid 5

50 °C

Vapor-liquid phase
diagram of CO,

Pressure (MPa)

Tcrit =31°C
Pcit = 7.4 MPa

0.000 250. 500. 750 1000.

Density (kg/m3)

Calculated with multiparameter equation of state available in property package REFPROP v.10
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CO2 Conditions Relevant for Transport

175,_ U R N O A B [/ I T 1 3 l/l T 1 /l U I/I | /_
N 1200, ko> 1100, kg/m3 1000, kg/m3 900, kg/m3 800, ko/m3 700 | i ]
150, [— /_;
: 600, kglm;
125, —

N 500, kg/m3}
: hlgh-pres‘sure supercritical;/m;

& 100, — (dense) liquid 100
= C 300, kg/m3)]
B =
a v I I S S A 200, kg/m3__|

. B liquid
Phase diagram 50,0~ . 100, kg
of pure CO; - — | ]
o ship, rail transport vapor | gas ]
- PR RN TN N N TN TR N NN R N N L]
-50,0 -25.0 0,000 250 50,0
Temperature (°C)
1. Span, R. and Wagner, W., J. Phys. Chem. Ref. Data, 25 (1996) 1509-

2.

1596 Lemmon E.W. et al., REFPROP v. 10 (2018)
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Impurities and Other Phases Present

* In CCS/U technologies CO, will never be in a pure form
* Admixtures influence the thermophysical properties and phase equilibria
- Low boiling components: methane, nitrogen, argon, CO or hydrogen sulfide

- High boiling components: water, amines

* CO, systems cannot be considered as sole
liquid or gaseous mixtures

- Liquid immiscibility, e.g., with water

- Solid phases present

Pellets of dry ice z 1
(solid CO,) ‘

1. https://blog.airliquide.fi/suomi/node/458
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DVGW
,Corrosion Cluster®: Acid Formation in CO, Streams
— CO, streams from combustion processes (e. g. cement, lime, waste incineration) will

contain NO, NO,, SO,, H,0, O,.
— CO, streams from reforming processes (e. g. H, production) may contain H,S.
Simplified four-step mechanism:

H,S SO,
3 NO, » H,O » H,SO, (Sulfuric Acid)
A
3NO ~__ _.--NO NO,
TSea & A

, 2NO / »2NO,
NO -~ 0,

\
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In operation

COZ Pipeline in USA developed or considered

e Since 1972, > 8000 km CO, pipeline
developed primarily for enhanced oil

L
recovery (EOR) T(\/ -\f{%ﬁ

- 80 % pipeline transports highly pure CO, (98.75% to
99.38%) from Jurassic sandstones and carbonate ,
reservoirs, e.g. Jackson Dome, Mississippi (depth =~
5000 m) L

_ CO; does not originate from combustion or | o
industrial processes, i.e. it has low (if any) content of ——
NOx and other impurities

 U.S. Department of Transportation Pipeline and Hazardous Materials Safety Administration (PHMSA)
sets the standards for the safe construction and operation of CO, pipelines

* American Pipeline Institute (API) plans 15 /20 / 61 cm diameter pipeline for dense fluid

Minervini et al.: BUILDING OUR WAY TO NET ZERO: CARBON DIOXIDE PIPELINES IN THE UNITED STATES, May 2024 Global CCS Institute

American Pipeline Institute - https://www.api.org 10
(NG pipeline in USA — 4 800 000 km)


http://www.api.org/
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O

Planned CO; Pipeline in Germany

Plans for the pipeline network based
on an analysis of emission sites

Aim to transport CO, to permanent
storage in Northern Sea

Estimated capacity 17 to 50 Mt/a S R

Long distance pipeline will operate in
the dense phase

Other means of transport also
required
OGE ist ein Fernleitungsnetzbetreiber fir Erdgas. es betreibt

in Deutschland das gré8te Ferngasnetz mit einer Lange von
rund 12.000 km, es hat mehr als 1500 Mitarbeiter

Open Grid Europe: https://oge.net/en/co2/co2-grid
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Standards on CO; Purity for Transport (1/2)

ISO norm no. 27913:2016(E) - rather general document addressing specification
of CO, flow compared to conventional pipeline such as for natural gas (NG)

O Intended for reliable design, construction and operation of CO, pipeline (“only”)

0 Interesting technical aspects summarized, however not in sufficient detail

ISO 27913:2024 (CO, Pipeline Transportation Systems) — will put forward general
principles for the definition of CO, quality but will not specify any

In September 2023, the Expert Group on CO. Quality of the European Commission's
CCUS Forum published a policy paper on the topic

The intention is to develop EU standards for CO, transport through pipelines, ships,
trains, and trucks. The main scope is high level of interoperability both for CCU and

permanent storage via CCS
12
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O
Standards on CO; Purity for Transport (2/2)

* So far, the impurity limits set “independently” for each project =>
standardization required for larger-scale interconnected CCU/S infrastructure

* German initiative:
0 DVGW C 260 was first published in April 2022 as the German standard for CO
quality in pipelines, but does not yet contain any limit values. A revision was

therefore started in 2022 and is still ongoing.

U In 2023, invited foreign partners to make it possibly internationally applicable.

* EU norm prepared by the European Committee for Standardization (CEN):
0 CEN/TC 474 - based on German DVGW C
U 260 Started in mid 2024
13
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CEN/TC 474/WG 1 "CO, Streams and Quality"

e The proposed new CEN/TC aims to build on existing ISO/TC 265 standards,
supplementing them with homegrown documents tailored to the needs of
European stakeholders

e CEN/TC 474 - Carbon dioxide Capture, transportation, Utilisation, and Storage
(CCUS)

e 4 working groups:

_ CO; Streams and Quality - initial date 1.7.2024 / voting forecast 30.3.2026
Pipeline Transportation - initial date 9.10.2024 / voting date 17.7.2026

_ CO; Accounting - initial date 1.12.2024 / voting date 13.9.2026

_ Geological Storage - ?

14
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Guiding Principles and Challenges

* Two phase flow should be avoided if possible

.
’1 o@-o0
A European Energy Research Alliance .,

INSTITUTE OF THERMOMECHANICS Lj \ g
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* Water monitoring system required / accurate property models needed / most
lubricants can dissolve in dense-phase CO, / O-rings, seals, valve seats have to
resist rapid pressure drops => diffusion / installation of fracture arrestors /
multiphase flow (fluid + solid = dry ice, gas hydrates) in case of rapture

* Even though CO; on its own is not corrosive for steel pipeline, the impurities such
as SO, H.S, water can form highly corrosive aqueous-based systems with CO,

* The concentration of all impurities in a CO, stream should be specified such that
their health impact is always less than that of CO; itself

* Given limits should be science based and traceable with at least a rough idea
regarding their uncertainty

* CO; pipeline will have thicker walls compared to NG pipelines => challenges such
as welding, curvature radius, larger handling equipment
15
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Visible white cloud shows
water vapor formed by
condensation. This does not
represent the extent of CO,

Controlled CO,
release location

0 100 200 300m

Scale is approximate

Figure 8. CO, pipeline rupture test performed as part of research at DNV’s Spadeadam Research and Development
facility. This test was controlled and deliberate. NOTE: The white cloud shows water vapor produced as the cold
CO, condenses moisture in the surrounding air. The cloud does not necessarily represent the extent of the CO..
Image courtesy DNV.

Controlled Sudden
CO: Release

Joint Industry research
program initiated in 2011 and
funded by National Grid, ENI,
Equinor, TotalEnergies,
Petrobras,

and Gassco

Minervini et al.: BUILDING OUR WAY TO NET
ZERO: CARBON DIOXIDE PIPELINES IN THE
UNITED STATES, May 2024 Global CCS
Institute
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Research and Innovation gaps: CCU/S - Transport

* Monitoring and metering of impurities in captured CO,

e Flow metering on an accuracy level suitable for taxation / custody transfer (< 1% ?)

e (Further) assessment of the various effects of impurities

* Engineering approaches for pipeline (and various other elements of the grid) safety
and operability

* Definition of international standards

* Technical and economic analysis of interfaces to capture and storage (whole chain
optimization, effect of changes in models)

e Dynamic simulation and control of complex CO, networks

e Regulatory framework and public participation

18
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O
AkcEni plan CCUS (rijen 2024)

o AKCNI PLAN ROZVOIJE TECHNOLOGII ZACHYTAVANI, VYUZITI A UKLADANI
OXIDU UHLICITEHO V CR

o Cast 7 — Pfepravni infrastruktura:

_ Zpusoby dopravy, které jsou v soucasné dobé dostupné v komerénim méritku,
jsou potrubni (vyuziti existujici volné kapacity plynovodu, specialné vybudované
potrubni trasy), zeleznicni a silnicni doprava, vodni doprava je k dispozici pouze
v demonstracni fazi. Pro dopravu bude rozhodujici urceni skupenstvi, v jakém
bude CO, dopravovan (pevna faze, kapalna faze, stlaceny plyn).

_ Doprava CO; produktovody je technologicky zvladnuta. V USA existuji tisice km
takového potrubi s kapacitou 50 mil tun CO, za rok, vyuzivané pri aplikaci CO, v
procesech navysovani tézby ropy (EOR). [CO; v ,potravinarské” cistoté]

e 111V CCU/S bude CO, obsahovat VZDY NECISTOTY + mezinarodni pfesah v EU !!!

19
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O

Conclusions

.
5 @0
Af) European Energy Research Alliance .,

Design and operation of international pipeline with large variety of emitters producing
CO: in different quality sets many technical challenges

Current ISO norm 27913:2016 and new 2024 norm are rather general documents

German Code of Practice - DVGW C 260 (A) 12 2024 - Properties of Carbon Dioxide
and Carbon Dioxide Streams (Eigenschaften von Kohlenstoffdioxid und Kohlenstoffdioxidstrémen)

_ First document addressing technically relevant limits of impurities in CO; stream
- Should be used for the design and business plan of new pipelines, e.g. by OGE

_ Pending corrosion tests at IFE with various concentrations of SO, and O,

European norm CEN/TC 474 based on DVGW C 260

“Negotiable” impurities need to be specified based on economics 0
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Some members of the DVGW group on C 260 and CEN/TC 474 working group 1

INSTITUTE OF THERMOMECHANICS I\ @
CZECH ACADEMY OF SCIENCES
| | DVGW e

Dr. Jens Erfurth — OGE - scientific head of G-PK-1-9-1-1 and CEN/TC 474/WG 1
Volker Hoenig — VdZ — German cement assoc.
~ Arne Dugstad - IFE (NOR) Roland Span — RUB

= Andy Brown — Progressive Energy Limited (UK)
~ Svend Tollak Munkejord — SINTEF ER - Gas Technology (NOR) Nikolas Felbab -

Horisont Energi (UK)

\J

\J

v

Peter Boos — Heidelberg Materials
Michael Schwenk — DVGW and CEN secretary

THANK YOU FOR YOUR ATTENTION

http://www.it.cas.cz/en/d2

v

\
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DVGW

Members of the DVGW C 260:2025 Project Group

Emitters TSOs

German Association of the Cement Industry VdZ
German Federal Lime Association BVK

German Thermal Waste Treatment Association
ITAD

OGE

VNG
GRTgaz [[[]

Fluxys |

Gasunie

5|
Gassco =

Heidelberg Materials
Energy from Waste
BVEG
RWE

Research Institutions

Linde
Air Liquide
ete-a

Federal Institute of Materials Research and
Testing BAM

Ruhr University Bochum, Chair of
Thermodynamics TES

Dr. Hilgenstock Consulting

Engler-Bunte Institute

DBI Gas and Environment
IFE J Shell

Czech Academy of Sciences Ramboll ——
Koole Terminals jml

Danish Gas Centre (Evida) 44—

Engineering/Technology Providers

Progressive Energy > <

Storage Operators

Wintershall Dea
Porthos/Aramis (via Gasunie/Shell)

- =
Equinor 5=

Standardisation Bodies

DVGW
OVGW
SVGW +

Dansk Standard ——
Eight members of ISO TC 265

Ten members of the European Commission‘s
CCUS Expert Group for CO, Quality| |

European CO, Quality | Erfurth, OGE | 02.04.2024 5 -a 22
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1ISO 27913:2016(E)
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TCCS conference in Trondheim

P VAYAVYAY, &

TCCS

The leading scientific conference on Carbon Capture, Transport and Storage (CCS).

The next TCCS conference will take place 16 - 18 June 2025.

https://tccs.no/

Potential topics are (but not limited to):

Pre- and post-combustion capture

Oxy-fuel capture

CCS and hydrogen combinations

CO; utilisation (CCU)

CO, removal (CDR)

CO; transport

€O, storage

International R&D activities incl. pilot and large-scale activities

Projects

Novel technologies

CCS whole system issues

CCS and society
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O
Impurity Types
* Non-Negotiable Impurities

_ Formation of solids has to be avoided Corrosion has to be avoided

- Water and other impurities reducing the dew point has to be limited

_ Poisonous impurities must be limited such that the toxicity of CO; is not increased

Negotiable Impurities
_ Non-condensable gases increase the pressure on the saturated liquid line
_ Optimization has to consider whole chain cost

_ Hub concepts vs. processing to high purity before first transport
25
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T-p-x diagram for CO. + H>O

PRESSURE —

L.W. Diamond: Review of the systematics of CO>—H-O fluid inclusions, Lithos 55 (2001) 69-99
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Results obtained with

Risk of Pipeline Blockage — Water Content propery package
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MND - strategie a plany v oblasti dekarbonizace
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MND

Division Energy

CCS aktivity MND
Strategie a plany v oblasti dekarbonizace




= MND je ¢lenem skupiny MND Group, Evropska skupina spolec¢nosti
pUsobicich predevsim v ropném a plynarenském sektoru.

= Na jizni Moraveé pusobi od roku 1913

= Skupina MND ma v Ceské republice pfiblizné 800 zaméstnancd a na
zapadni Ukrajiné kolem 80 zaméstnancu.

y kraj

/ Hodonin

MND a.s.

Divize Energy
Uprkova 807/6,
695 01 Hodonin
Czech Republic
+420 518 315 111
info@mnd.cz



MND Group Tradi¢ni zdroje, aktivity MND
TEZBA ROPY A ZEMNIHO

= Vrtné prace pro prluzkum a tézbu, geotermalni energii
= Tézba ropy a zemniho plynu

= Priizkumné préce na ropu a zemni plyn, v CR 5 prizkumnych
licenci o plose 1818 km?

= \ystavba a provoz PZP
= Dodavatel plynu a elektrickeé energie pro vice jak 250 tis.
zdkaznikl v CR

umx}u&’ EielmiE=sT® = Provozujeme Hlavni bariskou zéchranou stanici Hodonin
R L T

= Akreditovana zkusebni laborator

= Od roku 2014 aktivity na zapadni Ukrajiné, kde vlastnime
prazkumné a tézebnilicence. Investujeme do OZE.




MND Group Nové aktivity
OD ROKU 2021 NEW BUSINESS DEVELOPMENT

Uspora energie ve vlastnich provozech, zvySovani podilu
obnovitelnych zdrojl energie, snizovani emisi CO2 a zavadéni
novych technologii.

= Na konci roku 2024 pokryti spotreby elektrické energie skupiny
MND z OZE zdroju

= Solarni a vétrna energetika

= Vyuzivani kogeneracnich jednotek v nasem provozu

= Sluzby vykonové rovnovahy

= Bateriové Uloziété (BESS) - CR, zahrani¢i (100/200MWh)

= Vodikové projekty - Vyvoj vlastniho elektrolyzéru 200kW (Al),
pfiprava na komeréni vyrobu jednotky TMW

= CCS projekty - pilotni a primyslové




STRATEGIE V OBLASTI DEKARBONIZACE A PLANY

Cile

- Ové&fit a kvantifikovat potencial CR pro ukladani CO, — studie s navrhy konkrétnich krok( od screeningu a prazkumu perspektivnich oblasti po identifikaci

a zhodnoceni vhodnych struktur a jejich pfipravu k ukladani.
* Zajistit kapacity pro konkrétni projekty uloZzeni CO, z emisi primyslovych podnikd na bazi vybudovanych geologickych ulozist.
* Provozovat ulozisté CO,, zajistit komplexni sluzby trvalého uloZeni CO, pro emitenty

Dil&i aktivity

« Regionalni hodnoceni skladovacich struktur pro CO, v celé CR

» Komplexni statické a dynamické modelovani Sifeni CO, v horninovém prostfedi s pouzitim 3D seismickych dat

» Sledovani geochemickych vlivll vtla€eni CO, na horninové prostiedi — pocitatova simulace a laboratorni experimenty
» Posouzeni rizik spojenych s ukladanim CO, do ulozisté

* Vytvofeni monitorovaciho planu pro ulozisté CO2,

- Studie proveditelnosti a technicko-ekonomickeé studie

Konkrétni projekty

Post SPICER — pfiprava a realizace pilotniho projektu zatlaéeni CO, do dotéZovaného karbonatového loziska ropy a zemniho plynu Zarosice
COREu - Partnerstvi v evropském projektu pro nizkouhlikovou budoucnost CCS spojujici emitenty s uloZisti v jizni a stfedo-vychodni Evropé.

CCS Moravia — Priprava a realizace prvniho komeré&niho projektu CCS do geologickych struktur na jizni Moravé, v podminkach Ceské republiky.




Historie CCS projekti v CR

Ceska republika se jako pionyr podili na vyzkumu CCS jiZ od roku 2003.
Historii vyzkumnych aktivit zahajila Ceska geologicka sluzba (CGS).

i & @ 0
2006-2009 2009-2010 2012-2013 2016-2020
EU Geocapacity TOGEOS CO,Stop ENOS
Fosouzeni kapacity geologickych multikriterialni analyza vElenéni vybranych geologickych preshraniéni spolupraci
ulozist CO,, rozvo] metodiky vypociu stfedoCeskych permokarbonskych Jednotek a struktur do a moznost druhotnych t&zebnich
vloZné kapacity a stanoveni kriteni panvi celoevropske databaze potencialu metod pro ropu ve Videfiske panwvi
pro GloZné kapacity akvifert podle ukladani GO,

stupné jejich uzavienosti

ENOS

25toP




Zkusenosti a historie projektu v MND

V Ceské republice jsou znamy geologické struktury s vhodnymi parametry, do kterych Ize trvale ulozit CO..
V kontextu mezinarodnich zavazk CR spolupracuji MND s rdznymi partnery na ovéfeni tohoto potencidlu s cilem zajistit

kapacity pro konkrétni projekty ulozeni CO, z emisi primyslovych podniku.

@ @ & & ® & @
2015 2020 2021 2022 2023 2024 2025
CCS
MORAVIA 7 COREu

CESKA
GEOLOGICKA
SLUZBA

Ptiprava pilotniho ulozisté CO,
na dotézovaném lozisku ropy a plynu
na jihovychodé Moravy.

Qs MND

Pfiprava a realizace prvniho komer¢niho

projektu na zachytavani a ukladani CO,

do geologickych struktur v podminkach
Ceské republiky.

Rozvoj nadnarodni sité CO,
s otevienym pfistupem emitentd
k ulozistim — stimulace poptavky
a investic pro zavadéni CCS.



REPP-CO,

Priprava vyzkumného pilotniho projektu
geologického ukladani CO,v Ceské republice

Projekt podporeny grantem z Norska
Trvani 2015 -2016

Cil projektu - posun urovné technologické pfipravenosti
potencionalniho ulozisté v Ceském prostredi z urovné
laboratorniho prostfedi na uroven ovéreni v realnych podminkach,
tzn. pilotni projekt na konkrétni geologické struktufe obdobného

typu jako pfipadna budouci uloZisté primyslového méfitka.

2l

Norway
grants

CESKA
GEOLOGICKA
SLUZBA




CO, SPICER

Pilotni projekt ukladani CO, na dotézovaném karbonatovém lozisku ropy
a zemniho plynu, jihovychodni Morava.

Projekt podporeny grantem z Norska
Trvani 11/2020 — 04/2024

Hlavni aktivity projektu:

* Pfiprava pilotniho ulozisté CO, v karbonatovem lozisku
- Modelovy pFiklad pro potencilni realizaci dal$ich dlozist CO, v Cesku i v Evropé.
* Vlytvoreni trojrozmérného geologického modelu celého ulozného komplexu.
 Provedeni dynamickeého modelovani a poc€itacové simulace injektaze CO, do ulozisté.
« Zhodnoceni geomechanicky a geochemickych vlastnosti ulozného komplexu.

« Posouzeni rizik spojenych s ukladanim CO, do ulozisté.

« Zpracovani monitorovaciho planu ulozisté a scénare jeho dalSiho rozvoje.

C A=
D) Norway

s SPICER), grants

CESKA VSB TECHNICKA o
GEOLOGICKA || || UNIVERZITA ° GEOFYZIKALNI USTAV Programme Kappa
SLUZBA [ osTrRAVA '

¢ R
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COREU - ROUTES ACROSS EUROPE

Projekt EU, Call HORIZON-CL5-2023-D3-01

= Urychleni prechodu na nizkouhlikovou budoucnost spojenou s rozvojem tras CCS spojujicich emitenty s ulozisti, podpora oblasti vyzkumu a
inovaci v zachytavani, transportu a ukladani CO2 v regionech jizni a centralné-vychodni Evropé.

= Projekt podporen dotacnim programem Evropské unie
= Trvani projektu 2024 - 2027

= Projekt spojuje vice jak 40 partneru z oblasti emitenti, poskytovatele technologii, provozovatelli plynovodnich siti, prepravnich spolecnosti,
vyzkumnych instituci a univerzit

= 6 pracovnich sekci

HLAVNi SMERY

Technicka cast: technologie zachytu, Cistota CO2, preprava (lodni, automobilova, potrubni), rizika a optimalizace pfi ukladani CO2, pfiprava
monitorovaciho systém.

Demonstrace CCS (pilotni projekty CCS) — kompletni technologicky proces CCS se zatld¢enim CO, na feckém offshoru Prinos (10t/den),
testovani prepravy — velkokapacitni nadrze.

Technicko-ekonomicky navrh prepravy CO2 v jizni a stredovychodni Evropé, véetné preshrani¢nich spojeni a umoznéni multimodalni prepravy
(CR, Polsko, Ukrajina, Recko).

Identifikace potencialnich politickych a spolecenskych prekazek pri zavadéni CCS, pravni ramec CCS - technické normy, legislativa.

Socialni akceptace CCS — prizkum verejného minéni, zlepSeni verejného vnimani o CCS, seznam organizaci se zdjmem o pripojeni k CCS.
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COREu - AKTIVITY MND ‘\’ COREv

N oe

Regionalni studie vymezujici geologické struktury vhodné pro podzemni ukladani CO2 pokryvajici jizni ¢ast Moravy

Geologicka interpretace a statické geologické modelovani diskrétni struktury navrzené a odsouhlasené béhem faze 1 Regionadlni studie.
Priprava Uplného statického geologického modelu véetné rozloZeni petrofyzikalnich vlastnosti jako vstupu pro dynamické modelovani.
Vyhodnoceni vysledk( analyzy stavajicich test( vrtd nebo provedeni nové analyzy dat z vybranych hlubinnych slanych zvodni pro
dynamické modelovani.

Dynamické modelovani - simulace vtlaceni CO2 s cilem posoudit hlavni parametry, jako je kapacita ulozisté, vtlaceni.miry vtlaceni,
pocet injektor( atd. vybranych hlubinnych solnych zvodni a predpovidani pohybu CO2.

Analyza potencidlnich emitent(l a zdroj& CO2 na jizni Moravé a v okolnich oblastech Ceské republiky a identifikace stavajicich potrubi
nebo jinych vhodnych infrastruktury.

Navrh transportu CO2 - multimodalni fesSeni, od emitentd k ulozistim, DOMESTIC a EXPORT SCENARIO

Nastroje pro odstranéni rizik a optimalizace pfi ukladani CO2

Monitoring zivotniho prostredi na vybranych lokalitach .

COREv




T4.1 Regional scenarios for CO2 routes MND 2 & UNIGEO..
Czechia GEOLOGICAL PART

Number of geological structures for CO, storage in the Czech Republic that are currently identified or under evaluation are limited. Areas
with additional storage potential require investments in exploration, 3D seismic surveys, drilling operations, geological assessment,
geochemical & geomechanical evaluation, reservoir simulation, and monitoring.

£2) gossw UNGEO..
GEOLOGICAL STRUCTURES INCLUDED IN THE COREU PROJECT NORTH MORAVIA REGION
& under evaluation CARPATHIAN

LIMNIC PERMO-CARBONIFEROUS FOREDEEP
SOUTH MORAVIA REGION MND BASINS OF THE BOHEMIAN MASSIF AND
CARPATHIAN

= Viena basin - under COREu analysis FLYSH ZONE

= Basal Jurassic complex of Nikol¢ice-Kurdéjov ridge - under
COREu analysis

= CCS Moravia project: Devonian carbonates of Nikolcice-
Kurdéjov ridge & Paleogene clastics in Nesvacilka paleovalley,
Not object under COREu evaluation. But storage potencial wil
be considered as a part of a CO2 hub for storage industrial CO2
emission and Transportation.

CZECH
NORTH MORAVIA REGION "x,»_j;/ o “niGEOa s.
= Janovice Depression
= Jablunkov Graben
= Rusava Structure
SLOPES OF

SOUTH MORAVIA REGION BOHEMIAN MASSIFF

4 under evaluation



Regional scenarios for CO2 routes

Czechia CO2 Transport by Pipeline

Current Gas Transit Pipelines

mero

Current oil pipeline system

STUDY OF CO2 PIPENETWORK

FOR DOMESTIC AND EXPORT SCENARIO
Backbone route

Side route
-------- Plant route

“ COREv

Region

-~

5
£

-

~ 2
South Moravia NS Bfedav

NP
HPS Lanzhot

MND 2 g UNIGRO...

EMITTERS SECTOR
O Cement plant 2,3 Mt/y

@ Limeplant0,6 Mty

@ Gas,BIO Power Plant, 1 Mt/y
(O Gas Power Plant 1,5 Mt/y
@ \Waste Plant 0,16 Mt/y

1. Rusava Structure saline aquifer
2. Janovice Depression saline aquifer
3. Jablunkov Graben saline aquifer

T

b N =~ North Moravia
v ~ :

® Region

. MND
. COREu CO2 Storage

1. Viena basin - Miocene strata of the
central Moravian depression

2. Nikoléice-Kurdéjov ridge - Basal Jurassic
Copllex

O CCS Moravia CO2 Storage

; 3. Nikoléice-Kurdéjov ridge - Basal Jurassic
7/ Copllex

7 N v 4. Nesvacilka paleovalley - Autochthonous

Paleogene infill

©) sowacn UNIGEO:.
)5 GEOLOGICAL -

SURVEY




i Czech Republic MND)

EMITTERS CO2, TRANSPORT

CZECH ®
GEOLOGICAL u h iGEO
SURVEY a.s.

1. INPUT FOR TRANSPORTATION CO2 EMITTERS - selected 10 industrial emitters (interest in CCS confirmed), sector - cement, lime, energy,
waste incineration, TOTAL CO2 capacity 5.6 Mt/year

2. TRANSPORT CO2 - EXPORT SCENARIO
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CCS M O RAV'A ZACHYT A UKLADAN( CO2 DO HORNINOVYCH
STRUKTUR

Klicovy projekt pro spolec¢nou budoucnost

= Projekt podminén dotaénim programem Evropské unie
= Priprava a realizace prvniho komercniho projektu na zachytavani a ukladani CO2 do geologickych struktur tzv.
slanych akviferd v oblasti jizni Moravy, CR.

= Partnerem projektu provozovatel cementarny Mokra u Brna, spolec¢nost Heidelberg Materials CZ, a.s.

Zivotnost projektu je
25 let

2 : Booster
- Section pumping station
&7 block valve

Cement
Priimérna hloubka plant

geologickych struktur je \}ﬂ//@
0 .-~""Carbon e
3 000 metru <" capture .

Celkové mnozstvi
uskladnéného CO2
20 mil.t

15

CCS MORAVIA

Heidelberg
Materials

MND



Redukce COz jako metoda ukladani energie
z obnovitelnych zdroju

, RNDr. Radek Fajgar, CSc. 5
Ustav chemickych procesu AV CR,
vedouci vyzkumné skupiny
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Redukce CO2 .
jako metoda ukladani energie
z obnovitelnych zdroju

Ustav chemickych procest AV CR, v. v. i.

Vyzkumna skupina laserové chemie

Radek Fajgar



Ustav chemickych procesti AV CR, v. . i.
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Adresa:
Rozvojova 135
165 00 Praha 6 — Suchdol

www.icpf.cas.cz



http://www.icpf.cas.cz/

Zdroje energie pro vyrobu elektriny

Fosilni paliva
(uhli hnédé / ¢erné, zemni plyn, ropa / mazut)

Nuklearni zdroje energie
(U235, Th232) CR2024: cca37%

Obnovitelné zdroje

(biomasa, voda -vodni toky, priliv
slunce, vitr)

CR cca 15%



Zdroje energie pro vyrobu elektriny

Elektricka sit vyZzaduje rovnovahu vyroby a spotreby - problém akumulace energie

Rozdil mezi spotrebou elektrické energie sezonné
v |été (4,6 GW, 25 TWh )
V Zzime (12 GW, 60 TWh) Monthly energy tpptvl;ls 20;3 gle PV syst

150
135.39
13065 13342 133.37

CR 2024- rust vyroby energie

z FVE 0 18,5% .
zaporné ceny el. energie
Nepredikovatelnd produkce z =
fotovoltaickych elektraren,

sezonni rozdily ; ,

Month

127.84

110.41
79
4521
I 40.11
Aug Sep Oct

Nov Dec

gy output [kWh]
o

PV
o
=}



Ukladani elektrické energie

Vliv rostouciho zastoupeni FVE a VTE — destabilizace sité, nebezpeci blackoutu

Ukladani energie na denni bazi -
vykryvani Spicek, vecera/noci

PreCerpavaci elektrarny
PVE Dlouhé strane 650 MW, 3,7 GWh

Bateriova uloziste

Zdroj SVR Vranany, 20MW, 22MWh
KSA: 12,5GWh BESS

Prutokové baterie




Ukladani elektrické energie

Elektrolyza vody — ukladani vodiku
Vyroba el. energie v palivovych clancich
vyuziti v elektromobilité FCEV (Toyota),
primé spalovani (Aquarius Engines,
AVL-Schrick)

Ulozisté energie

-roztaveneé soli

-stlaceného vzduchu
-potencialni energie — zavazi
-kinetické energie - setrvacnik

Elektrochemicka redukce CO,




Elektrochemicka redukce CO, (CO2RR)

Potencial pro ukladani energie o ,
CO, — levny zdroj uhliku Elektricky zdroj
Proces umoZfiuje pfeménu CO, na Cop / \
chemické produkty, vyuzitelné v T
energetice nebo chemickém primyslu 4
&
Princip redukce CO,
® C-H 02
Anoda — vznik kysliku . )
-
Katoda — vznik redukénich s <«qr
produktd a vodiku (podle O
ucinnosti katalyzatoru - [ co HoO
O




Elektrochemicka redukce CO,

-~

Elektrodovy material

Produkty

11}

Ni Fe Pt
Ti Ga

l

{

Uhlovodiky

CcO

HCOO -

Nevznikaji produkty redukce

/

Materialy pro CO2RR:

- Kovy a jejich slitiny
- Chalkogenidy
- Oxidy



Elektrochemicka redukce CO,

Energeticky narocCny proces - jedna se o opacny proces spalovani

Reakce E:d:l;i;g Spm:tzenciél E° (V):
CO2+2H*+2e — CO +H20 -0,52
CO2+2H*+2e — HCOOH -0,61
CO2+8H*+8¢e — CHs+ 2H20 -0,24
2CO2+12H*+12e — CzHs+ 4 H20 -0,34
2CO2+12H*"+12e — CH3CH20H + 3 H20 -0,33
2CO2;+8H*+8e — CH3COOH + 2 H20 -0,29

Od roku 2021 vyviji CO2RR v pilotnim meéritku nekolik spoleCnosti

Technicko-ekonomicka analyza s cilem posoudit komercni potencial technologie:
Shin, H.; Hansen, K.U.; Jiao, F. (October 2021). Techno-economic assessment of low-
temperature carbon dioxide electrolysis. Nature Sustainability. 4 (10): 911-919.

Vyvoj elektrolyzéru pro redukci uhlicitant, hydrogenuhli¢itand, karbamatu


https://www.nature.com/articles/s41893-021-00739-x
https://www.nature.com/articles/s41893-021-00739-x
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Elektrochemicka redukce CO,

QCHP: patentovany katalyzator pro redukci uhli¢itanl (mez. PCT/CZ2023/050071,
CR: PV 2022-447)

Katoda 4 x 10 cm, zasadni pro funkci je morfologie. Minimalizace prepéti
pro sniZzeni energetickych ztrat. Priprava katalyzatoru: CVD / 450-550°C,
tlak do 2000 Pa, depozice 3h

10



Elektrochemicka redukce CO,

Produkty na novém katalyzatoru — v zavislosti na pH, slozeni elektrolytu, teplote,
prepeti:

kyseliny  alkoholy

vyS8Si org. kyseliny

UCHP

H
M’o

@]

)

%r&g&v’

H

YT

o o]

\n/\/\)]\g,N
o

Wo

stand. Cu

kyseliny

uhlovodiky

alkoholy

Hlavni produkty pri pH > 9
- primarni (kyselina octova)

- nasledné (kyselina propionova,
valerova)
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Elektrochemicka redukce CO,

100 | Formate
Ethanol Hlavni produkt pri pH < 7
~ 80 F Lactate a prepéti -0,60 V vs RHE
X ! Acetate
1y . Glycerol
.@ 60 Methanol Et h an OI
) |
£ Acetone
. [ Ilydrogen
= 40 [
&
=
F~ I
20
: Dfinek V. : A Robust and High Performance Catalyst for
0 Electrochemical CO2 Reduction
Q an &S 53 PINY N0 o 933 Mater. Advances 2024, 5, 2917
/Q' /Q : /Q\' /Q' /Q' /Q ' /Q : /Q'

Potential vs RHE [V]
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Elektrochemicka redukce CO,

Predstaveni vlastniho
elektrolyzéru):

4 katody 4x10 cm, oboustranné
pokryté katalyzdtorem

4 anody, separované membranou

prikon 600W

Veletrh vedy 2024, Praha-Letnany
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Dekarbonizace - moznosti financovani

Ing. Ondrej Hartman
EY, Government & Public Sector, senior advisor

Ing. Lenka Grau
EY, Manazerka dotacniho tymu



Dekarbonizace -
moznosti
financovani

Ondrej Hartman & Lenka Grau, EY

12. 3. 2025

EEE
The better the question. The better the answer. The better the world works.




Agenda

» |novacni fond

» Modernizacni
fond

» Program LIFE

» DalSi dotace EU



Inovacni fond




Inovacni fond 1/2

Hlavni charakteristika

Dotacni program EU s alokaci 40 mld. EUR pro
obdobi 2020-2030

Program vyhlasuje a ridi Evropska vykonna
agentura pro klima, infrastrukturu a zivotni
prostredi (CINEA)

Financovan ze systému pro obchodovani's
emisnimi povolenkami

Maximalni podpora 60 % zpUsobilych vydajl
projektu

Slozity proces podani zadosti o dotaci vyzadujici
minimalné 3 mésicni praci

Cile Inovac¢niho fondu

Podpora investic podnikl do Cisté energie a
pramyslu

Podpora vysoce inovativnich projektd
zameérenych na dekarbonizaci

Podpora ekonomického rdstu a vytvareni
stabilnich mistnich pracovnich pozic

Posileni predniho postaveni Evropy v oblasti
technologii v globalnim méritku

2\



Inovacni fond 2/2

Oblasti zameéreni

Zachycovani a vyuziti uhliku

Inovativni nizkouhlikové technologie a procesy v
energeticky naro¢nych prdmyslovych odvétvich,

véetné produktd, které mohou nahradit ty uhlikové
narocné

Inovativni vyroba obnovitelné energie

Akumulace energie

Typy projektu v oblasti dekarbonizace

» Zachycovani CO: z bio rafinerie, dopravy a
skladovani na pevniné

» VylepSena kalcinace a zachycovani uhliku pro
nejvetsi vapenku v Evropé

» Demonstrace prtilomového konceptu recirkulace
spalin a koncentrace CO2 v kombinaci s
kompletnim FeSenim CCS v cementarné

» Kombinace zachyceného CO. z vyroby vapna se
zelenym vodikem pro vyrobu uhlikové
neutralniho syntetického e-metanu

2\



Prehled vyzev Inovacniho fondu pro rok 2025

UKONCENI PRIJMU
ZADOSTI

PUBLIKACE VYSLEDKU

PROGRAM NAZEV VYZVY ZAMERENI VYZVY VELIKOST PROJEKTU

INNOVFUND-2024-NZT- . . L .
IF24 Call GENERAL-SSP Obecna dekarbonizace Minimalni CAPEX - 2,5 mil. EUR 24 Dubna 2025 z

Y

Q)
=
—
N¢
=]

az fijen 2025

INNOVFUND-2024-NZT- Minimalni CAPEX - 20 mil. EUR

IF24 Call GENERAL-MSP Obecna dekarbonizace Maximalni CAPEX - 100 mil. EUR 24 Dubna 2025 Zari az fijen 2025

INNOVFUND-2024-NZT- . . C . fvr oy v
IF24 Call GENERAL-LSP Obecna dekarbonizace Minimalni CAPEX - 100 mil. EUR 24 Dubna 2025 Zari az fijen 2025

IF24 Call L":I':'g;’SFUND'ZOZ“'NZT' Pilotni projekty Minimalni CAPEX - 2,5 mil. EUR 5/ b pna 2025 Z&F a¥ Fijen 2025
INNOVFUND-2024-NZT- L .
IF24 Call CLEAN-TECH- Vyroba istych technologii M mimaini CAPEX = 2,5 mil. EUR 54 1y 114 2025 Z&Fi a2 Fijen 2025
MANUFACTURING
) i i Vyroba elektrickych
IF24 Battery INNOVFUND-2024-BATT bateriovych &lanku pro Minimdini CAPEX - 2,5 mil. EUR 24 Dubna 2025 Z4ri az rijen 2025

EV-CELLS
dopravu

EY



Modernizacni fond




Modernizacéni fond 1/2

Hlavni charakteristika Cile Modernizacniho fondu

Dotacni program podporujici 13 vybranych Podpora prechodu ke klimatické
Clenskych statd EU neutralité

Financovan z vynosu z drazeb emisnich
povolenek v ramci systému EU ETS

Celkova alokace az 500 miliard K¢ na obdobi Modernizace energetickych systému
2021-2030

Spravovan ve spolupraci benefinich Clenskych

statl, Evropské komise a Evropské investi¢ni
banky ZlepSeni energetické ucinnosti

Maximalni podpora se liSi od vyzev v rdmci

Modernizacniho fondu v rozmezi 30 - 80 %
Dosazeni klimatickych cild a cil
Evropské zelené dohody




Modernizacéni fond 2/2

Programy MF (CO2)

HEAT Modernizace soustav zasobovani
tepelnou energif

ENERG Energeticka ucinnost a snizovani

spotreby energie

RES+ Nové obnovitelné zdroje v energetice

TRANSPORT Podpora porizeni bezemisnich

vozidel a vystavby potrebné infrastruktury

Typy projektu v oblasti dekarbonizace

>

v Yy

vV v vy

Rekonstrukce a modernizace teplarenskych siti

oV e\ 7/

Modernizace zdroje energie véetné rozvodu

Modernizace ¢i zména konfigurace vyrobnich
nebo zpracovatelskych zarizeni

Fotovoltaické elektrarny
Vodni a vétrné elektrarny
Akumulace energie

Nakup novych vozidel jako nahrada vozidel MHD
na fosilni paliva

2\



FVE 10 kW - 5 MW s vlastni

RES+ ¢.1/2025 . bfezen 25 1.7.2025 30.1.2026 3 mld. K&
spotrebou

RES+ ¢. 2/2024 FVE s vykonem nad 1MW (bude upfesnéno v Q2/2025)
Akumulaéni flexibilita

RES+ ¢. 5/2025 elektriza€ni soustavy v brfezen 25 brezen 25 30.4.2025 bude upresnéno
ddsledku OZE

RES+ ¢. 6/2025 Agri FVE (bude upresnéno v Q2/2025)

RES+ €. 7/2025 Podpora VTE (bude upfesnéno v Q3/Q4 2025)
Modernizace zdroju a 15 mid. K&

ENERGETS ¢.1/2024 technologii v prdmysliu v EU 13.6.2024 15.7.2024 30.6.2025 )
ETS

ENERGCom  &.1/2024 Energeticke uspory v 30.12.2024 20.1.2025 15.4.2025 481 mil. K&

podnikdni: hl. m. Praha

HEAT - Modernizace soustav = 44 5055/5026 2026 2026 bude upFesnéno
zasobovani tepelnou energii

EY



Program LIFE




Program LIFE

Hlavni charakteristika

» Program LIFE je klicovym financnim nastrojem
Evropské unie zamérfenym na oblast zivotniho
prostredi a klimatu

» Proobdobi 2021-2027 bylo vyclenéno 5,45 miliard
euro, coZ predstavuje 60% narust oproti predchozimu
obdobi

» Program podporuje inovativni projekty, demonstracnf
aktivity a osvédcené postupy v oblasti ochrany
zivotniho prostredi a klimatu

Cile LIFE

Transformovat EU na spravedlivou a
prosperujici spolecnost s nulovymi
emisemi do roku 2050

Chranit, zachovavat a zlepSovat prirodu
na celém kontinentu

Chranit zdravi a blahobyt pred dopady na

zivotni prostredi a klima

2\



Podprogramy LIFE

» Priroda a » Obéhové » Zmirnovani » Prechod na
biologicke hospodarstvi a zmé&ny klimatu istou energii
rozmanitosti kvalita zivota a adaptace » Podporuje
» Zaméruje se » Podpora » Cilina projekty

na ochranu a prechodu k sniZovani zamerene na

obnovu cirkuldrni emisi energetickou

biodiverzity ekonomice sklenikovych ucinnost a
plynd a obnovitelné
adaptaci na zdroje energie

zmeénu klimatu




Harmonogram vyzev LIFE pro rok 2025

Zmirnovani zmény klimatu a adaptace  24.4.2025 Kvéten 2025 23.9.2025 Bude upresnéno

Prechod na Cistou energii 24.4.2025 Kvéten 2025 23.9.2025 Bude upresnéno

EY



DalSi dotace EU




DalSi dotace EU

YV V V V V

Operacni program Technologie a aplikace pro konkurenceschopnost (OP TAK)

Program se zaméruje na podporu ¢eskych podnikateld, pri¢emz cili pfedevsim na malé a stfedni podniky (MSP) a projekty
realizované mimo hlavni mésto Prahu. Mezi jeho priority patfi podpora obnovitelnych zdrojd energie, Gspory energie a
experimentalni vyvoj inovativnich digitalnich FeSeni.

Operaéni program Zivotni prostiedi (OPZP)

Program MZP se v oblasti dekarbonizace primarn& zamé&ruje na podporu vefejnych subjektl v rdmci snizovani energetické
narocnosti budov, technologickych procest a vystavby ¢i rekonstrukce obnovitelnych zdrojd energie.

Narodni rozvojova banka (NRB)

NRB poskytuje v rdmci dekarbonizace bezurocné uveéry s dotacni slozkou (ktera se liSi v zavislosti na konkrétni vyzvé) na
fotovoltaické elektrarny, uspory energie v podnikatelskych budovach a na zelené investice. Predstavuje nasledujici vyzvy:
Nové Uspory Energie - Gvéry - Vyzva |

Bezurocny avér FVE

PodFizeny Uvér - NPO na zelené investice

Rozvoj podnikdni v postiZzenych regionech s programem TRANSFORMACE

ENERG - BEZUROCNY UVER NA ENERGETICKY USPORNE PROJEKTY V PRAZE




Harmonogram vyzev pro rok 2025

PROGRAM VYZVA

OP TAK Uspory energie - vyzva Il

Malé vodni elektrarny - vyzva l

*Biomasa - vyzva l.

Vétrné elektrarny - vyzva lll.

Aplikace - vyvoj digitalnich
feSeni - vyzva ll.

Energetické Uspory ve verejné
infrastrukture

Snizeni energetické narocnosti
vefejnych budov

ZAMERENI VYZVY

Snizeni energetické narocnosti budov podnikatelskych
subjektl

Modernizace a vystavba malych vodnich elektraren.

Vystavba a vyvedeni tepla z biomasy a bioplynovych
stanic do mista spotieby prostfednictvim rozvodnych
tepelnych zafizeni.

Vystavba vétrnych elektraren.

Experimentalni vyvoj inovativnich digitalnich FeSeni ve
specifickych podporovanych oblastech.

Snizeni energetické narocnosti vefejnych budov

a infrastruktury.

Vystavba a rekonstrukce obnovitelnych zdrojd energie
pro vefejné budovy.

Snizeni energetické narocnosti verejnych budov a
infrastruktury.

Vystavba a rekonstrukce obnovitelnych zdroju energie
pro vefejné budovy.

ZADATEL

MSP, VP

MSP, VP

MSP, VP

MSP, VP

MSP, VP

Verejny sektor

Verejny sektor

*Alokace u vyzvy biomasa - vyzva |. je dle vefejnych zdrojl jiz prekrocena.

ZAHAJENI
PRIJMU

24.5. 2024

6.9.2023

9. 1. 2025

15.5.2025

20. 2. 2025

12. 6. 2024

27.9. 2023

UKONCENI

31. 10. 2025

30. 6. 2025

9. 1. 2026

3.11.2025

20. 5. 2025

30. 6. 2025

31. 3. 2025

ALOKACE

5 mld. K¢

500 mil. K&
500 mil. K&
3,3 mid. K&
1,5 mid. K¢
400 mil. K&
470 mil. K&

EY
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Dékujeme vam za pozornost

Ondrej Hartman
Senior Advisor

+420 731 627 162
ondrej.hartman®@cz.ey.com

Lenka Grau

ManaZerka dotacniho tymu
+420 704 865 139
lenka.grau@cz.ey.com




Jak vdm s dotacemi muZzeme pomoci

</

Konzultace dotacnich

prilezitosti
L ; ¢
¢\\ | |/ ¢

L

Studie proveditelnosti

Dotacni monitoring

Financni plan

=

oooo A
Iéjl

Priprava projektu a
zpracovani zadosti

ldentifikace
projektovych
partneru

Komplexni dotacni
management

Business plan

M
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EY | Building a better working world

EY is building a better working world by creating
new value for clients, people, society and the
planet, while building trust in capital markets.

Enabled by data, Al and advanced technology,
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