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Tikslai ir metodologija

Galimybiy studijos tikslas - jvertinti galimybes parengti sprendimus, kaip sumazinti CO2 iSmetimg tose teritorijose, kurias
labiau paveiks teisingas peréjimas (Just Transition), t. y. Kauno, Teliy ir Siauliy apskrityse. Siose apskrityse yra keletas
pramoneés Saky, kuriose iSmetama daug CO2, todél veikiant Sioms pramonés Sakoms galima sumazinti CO2 kiekj Salyje.

Be to, bus siulomi konkretus veiksmai ir modeliai, kaip sumazinti Siy pramonés sektoriy iSmetamo CO2 kiek;j. Bus jvertintos
anglies dioksido surinkimo, naudojimo ir saugojimo (CCUS) technologijos, taip pat tai, kaip Sias technologijas galima

naudoti, jei CO2 iSmetimo nejmanoma sumazinti. Be to, bus analizuojamos CO2 transportavimo j atitinkamus geologinius
telkinius galimybés.

Jvertinimas taip pat apims ekonominj investicijy, kuriy prireikty, vertinima, taip pat reguliavimo sistemg ir pokycius, kuriy
gali prireikti tokiems projektams plétoti. Jei reikés, bus sitloma keisti reglamentavimg ir kurti investicijy skatinimo
mechanizmus.

Be anglies dioksido surinkimo, naudojimo ir saugojimo (CCUS) technologijy, taip pat bus vertinamos tiesioginio
elektrifikavimo ir vandenilio bei dariniy naudojimo technologijos.



Studijos turinys
Esamos situacijos apzvalga dekarbonizavimo aspektu;
CO2 issiskyrimo technologiniuose procesuose mazinimas,
CO2 surinkimas is technologiniy procesy / sugavimas is oro;
COZ2 panaudojimas;

CQOZ2 saugojimas.



Tyrimas bus vykdomas vadovaujantis Techninése sglygose (Sutarties priedas Nr. 1) pateikta

turinio aprasymu.
Reikalingy duomeny rinkimas yra kritinis Zingsnis:

ISsami informacija apie pramoninj profilj ir emisijas (technologijos, energijos suvartojimas, anglies
intensyvumas).

Technologijy pasirengimas ir dekarbonizacijos potencialas (dabartinis anglies surinkimo, panaudojimo ir
saugojimo (CCUS) technologijy taikymas, galimybés diegti vandenilio technologijas).

Infrastruktara ir istekliai (atsinaujinancCiy energijos Saltiniy prieinamumas, rySiai su nacionaliniais tinklais,
galimybés transportuoti CO2, geologinis tinkamumas anglies saugojimui pozeminiuose sluoksniuose, Baltijos jura

ir Siaurés jara).

Reguliavimo ir politikos aplinkos supratimas (teisinés bazés spragos, galinCios paveikti CCUS ar vandenilio
technologijy diegima, geriausios praktikos).

Socialiniai ir aplinkos aspektai (sprendimy priemimo priimtinuma visuomengéje).

Visi pramoniniai jmonés bus suskirstytos pagal sektorius (trgSos, cementas, naftos perdirbimas, maistas,
stiklas ir kt.), ir bus parengti sektoriui pritaikyti dekarbonizacijos scenarijai.

Tarptautinis kontekstas (mokslininky recenzuoti Zurnalai, projektai ir jmoniy patirtis).



Technologiniy sprendiniy pavyzdziai



CO2 sugaudymas: cheminés adsorbcijos ir fizinio atskyrimo metodai

CO, separation technologies

Adsorbent
beds

Chemical
absorption




CO2 saugojimas Siaurés jaroje

Bus jvertintos anglies saugojimo galimybeés geologiniuose sluoksniuose Lietuvoje, jskaitant potencialiy geologiniy
struktury dydj ir tinkamuma, taip pat geologines struktlras po Baltijos jura. Bus vertinamos galimybeés transportuoti
ir saugoti CO2 kituose regionuose, pavyzdziui, Siaurés jiroje. 18samiai bus aptariama visa anglies surinkimo,
transportavimo ir saugojimo vertés grandiné bei geriausi scenarijai kitose Salyse.

EUROPE

https://greensandfuture.com/next-chapter




Geriausios patirties scenarijy analizé
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Sintetinio metanolio/metano sintezé
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Metano pirolizé: turkio spalvos vandenilis

Stephen Jackson,
Chief Market & technology Officer at Hydrogen Europe:

Y Turquoise hydrogen made from pyrolysis is a clean and
cost-effective production method that, if properly
exploited, can play an important role in growing the
hydrogen market and achieving our energy-transition

goals. g
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Carhon powder for pigments, lightweight design,
Bubble column reactor polymers, high-tech applications

Molten tin (> 1,000 °C)

1kgH, > 3kgC

Natural gas, biogas ( , When the gas bubbles burst, hydrogen is released and
the solid carbon is precipitated as a powder.

https://hydrogeneurope.eu/he-dvgw-pyrolysis-report/



CO2 panaudojimas polimerams

How are CO,-Polymers made?
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https://www.sustainableplastics.com/news/emissions-based-polymers-look-have-promising-future




CO2 panaudojimas Agro technologijose

Carbon removals Carbon farming
Innovative approaches to capturing CO,, directly from Climate-friendly practices implemented by farmers and
the atmosphere and from biogenic emission sources, foresters to enhance carbon sequestration and storage
before storing it in reservoirs such as geological in forests and soils, as well as reduce greenhouse gas
formations, forests, soil or products for the long term. emissions from soils.
Atmosphere
-
co,
[ Biofuel
:: Chemicals
::.- Fibers
Eoal powsred glant Microalgaecarbon capture Borefinerv

https://climate.ec.europa.eu/eu-action/carbon-removals-and-carbon-farming_en;
https://doi.org/10.1016/j.ccst.2021.100007




Teisinis reguliavimas

ISnagrinésime teisines sistemas, reglamentuojancias vandenilio ir kity naujovisky technologijy naudojima
iSmetamuyjy tersaly kiekiui mazinti.

Analizuosime anglies dioksido surinkimo technologijy teisinj reguliavimga. Jvertinsime anglies dioksido
surinkimo ir panaudojimo (angl. CCU) technologijy teisinj reguliavimg pramonés jmonése.

Jvertinsime anglies dioksido surinkimo, transportavimo ir saugojimo (CCS) technologijy teisinj reguliavima
pramonés jmoneése.

Kiekvienoje is Siy analiziy bus laikomasi sisteminio pozitirio: nustatomi atitinkami teisés aktai tarptautiniu, ES ir
nacionaliniu lygmenimis; atliekama iSsami teisés akty analizé, siekiant jvertinti jy poveikj, perkélimg j
nacionaline teise ir suderinamumag su tarptautiniais ir ES teisés aktais; pateikiamas bent vieno ES valstybéje
naréje jgyvendinto reglamentavimo pavyzdZzio tyrimas. Galiausiai, remiantis teisine, technine ir socialine bei
ekonomine analize, tyrime bus sitlomi nacionaliniy teisés akty pakeitimai, siekiant padidinti jy veiksmingumg ir
nuosekluma.



Kiti dekarbonizavimo sprendin
elektrifikacija
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Vandenilis: panaceja klimato kaitos
problemoms spresti?



Vandenilio savybés

1 protonas, -253 °C Tik junginiuose
1 elektronas




Vandenilio vertés grandinés
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Vandenilio technologijy istorija

1838 m. the first fuel 1960 m. General

---------------------------

2016 m. - now
2000 m. Ballard

P National H2
cell was created Electric pioneered Power Systems has 2008 m. Honda 3 Sttesles, raneral
1776 m. Hydrogen is the use of hydrogen demonstrated the FCX hydrogen . mechalnisms :
identified as a O fuel cells in the first PEM fuel cell fuel cell © subsidies, den',\o
chemical elemgnt. Apollo anq G.emlnl for the automotive powered car 2016 m  nrajects, H2valleys) -
Henry Cavendish space missions market Toyota Mirai  : HRS, and other :
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: promoting H2
‘ I energy ecosystem
| | | |
| | | |
O
1800 m. the 1958 m. NASA 1973 m. 30 km of 2002/2004 m. 2013 m. First
electrolysis process used liquid H2 hydrogen The first commercial P2G
was discovered as rocket fuel pipeline was train/submarine 2MW power (360
for the first biuld, France powered by m3/hr H2)
time hydrogen technology,
Germany

Historical examples of electrolysis

place (city) m ;

1929 Fertilizer
1953 Ammonia
1958 Ammonia

Norway (Rjukan)
Norway (Glomfjord) 160
Peru (Cuzco) 25




ES Vandenilio planai

HYDROGEN 2030: THE BLUEPRINT

DEMAND PRODUCTION
FCHJU TWh | MtH, | Pure H,or | Hydrogen Europe TWhH; | MtH;
Hydrogen H: blended | 2x40 GW Green
roadmap in Natural | Hydrogen Initiative
Europe Gas
Feedstock Existing | 359 9,1 Pure H; EU production green H; 173 4.4
Feedstock new 98 25 Pure H; Import green H; 118 3,0
Steel, Kerosene
Industry heat + 79 2,0 Pure H; Assumptions
space heating and/or Low Carbon H;
blended
Transport Ep! 18 Pure H; Existing H; use now greyto | 324 82
low carbon H: gas SMR/ATR
with CCS/CCU, 90% CO:
emission reduction and
low-carbon electrolysis
Power balancing 58 15 Pure H; New low carbon H: 50 13
and/or Coal gasification with
blended CCS/CCU, nearly 100% CO:
emission reduction
TOTAL 665 | 16,9 665 16,9

Table 2. Hydrogen demand 2030 according to FCH JU Hydrogen Roadmap Europe and hydrogen
roduction according to Hydrogen Europe 2x40 CW Creen Hydrogen Initiative and low carbon hydrogen
production assumptions.

EXHIBIT 2: HYDROGEN COULD PROVIDE UP TO 24% OF TOTAL ENERGY DEMAND, OR UF TO
-2,250 TWH OF ENERGY IN THE EU BY 2050

Finalensrgy 14 j50 11.500 9.300
demand
Thereof H, 2% 4% 8% 8% 245

2,281

Power genera-
tion, buffering

[ 112 |
. Transportation

Heating and
&- power for

buildings

/B, New industry
¢ 7 feedstock

£27 427 91 391

Business as Ambitious Business as Ambitious
usual usual

2015 2030 2050
Europe

_ m Hydrogen
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Vandenilio projekty realybé

Map of announced low-emission hydrogen production projects
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Annual production of low-emission hydrogen could reach 38 Mt in 2030, if all announced
projects are realised.

Only 4% of this potential production has at least taken a
Source: Global Hycdrogen Review, 2023. final investment decision (FID)!!!




H, TINKLAI: EGZISTUOJANTYS IR ATEITIES KORIDORIA
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Source: Fuel Cell and Hydrogen Observatory (2022)
Hydrogen pipelines.

https://hydrogeneurope.eu/clean-hydrogen-monitor-2022/




Zaliojo vandenilio kainos, kaip pilkojo vandenilio kainos 1.5-2.5 USD/kg

Average renewable hydrogen m
production costs in the Europe
in 2022 (EUR/kg), using directly

connected lowest-cost RES
technology for a given country

5 ’ X5
Source: Hydrogen Europe.



Vandenilio |, II, Ill revoliucijos

Gasoline price index during the 1970s-80s oil embargoes
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The Oil Embargo of the 1970s
(First Wave)

Trigger: The 1973 oil embargo by Arab nations (OPEC) caused a global energy
crisis, highlighting the vulnerability of countries heavily reliant on imported
fossil fuels.

Focus:

* Alternative energy sources, including hydrogen, gained attention as a
potential solution to reduce dependence on foreign oil.

* Research and development were concentrated on hydrogen
production and storage technologies, though technical and economic
challenges limited widespread adoption.

Outcomes:

* Hydrogen as an energy carrier gained recognition but lacked strong
governmental support to scale up technologies.

*  Focus shifted back to fossil fuels once the oil market stabilized.

* The infrastructure for hydrogen production, storage, and distribution
required significant capital investment, which governments and
industries were unwilling to commit to after the energy crisis
subsided.



The Bush Administration (Second Wave)

*Trigger: In the early 2000s, concerns over energy security (post-
9/11), rising oil prices, and climate change sparked renewed interest
in hydrogen.

*Key Initiative:

* President George W. Bush launched the Hydrogen Fuel
Initiative in 2003, pledging $1.2 billion for hydrogen
research.

* The focus was on hydrogen as a transportation fuel to
replace gasoline, with significant investment in fuel cells and
hydrogen refueling infrastructure.

*Challenges:

* High costs of hydrogen production and storage.

* Lack of infrastructure for hydrogen distribution.

* Competition from other clean energy technologies, such as
wind, solar, and hybrid electric vehicles.

*Outcomes:

* Momentum waned as battery electric vehicles (BEVs) gained
prominence and funding priorities shifted to other
renewable energy technologies.

https://www.nbcnews.com/id/wbna7978890



The Current Global Energy Transition (Third Wave)

*Trigger: The current hydrogen revolution is driven by climate change
mitigation, net-zero targets, and technological advancements in renewable
energy and hydrogen production.

*Key Features:

* Focus on green hydrogen (produced using renewable energy) as a
clean energy carrier for decarbonizing hard-to-abate sectors like
heavy industry, shipping, and aviation.

* Large-scale initiatives like the European Green Deal, Hydrogen
Valleys, and hydrogen strategies in countries like Japan, South
Korea, and Australia.

*Unique Aspects:

* Unlike earlier waves, the current push benefits from falling costs of
renewable energy and international collaborations.

* Public and private sectors are investing heavily, with significant
government support and international partnerships driving the
hydrogen economy forward.

*Challenges:

* Scaling up infrastructure and achieving cost-competitiveness remain

significant barriers.
*Outlook:

* This wave has a stronger foundation, with clear policies and global

alignment on the importance of hydrogen for the energy transition.

https://il.boell.org/en/2024/06/24/green-hydrogen-future-global-energy-transition



“The problem with experts is that they do not know what they do not know” N.N. Taleb

On his first day in office, Trump issued an executive order to halt further funding from the Inflation Reduction Act (IRA) and

Infrastructure Investment and Jobs Act (IlJA), which offered H2 production tax credits of up to $3/kg and a combined $7bn
of funding for seven hydrogen hubs, respectively.

Trump puts US clean hydrogen
support schemes on hold as part of
plan to terminate 'Green New Deal’

The new president signs executive order to 'immediately pause disbursement of funds

appropriated’ through the Inflation Reduction Act and Bipartisan Infrastructure Law

Property of reddit

https://www.hydrogeninsight.com/policy/trump-puts-us-clean-hydrogen-support-schemes-on-hold-as-part-of-plan-to-terminate-green-new-deal/2-1-
17674017?zephr sso ott=FippKm




Studijos rengéjy darby kalendorius

5.15. Galimybiy studijos rengimo darbai turi biti atliekami per 260 (du Simtus
Sediasdedimt) kalendoriniy dieny nuo sutarties pasiradymo dienos tokiais etapais® ir
terminais:

5.15.1. Galimybiy studijos parengimo planas - per 20 (dvidedimt) kalendoriniy
dieny nuo sutarties pasiradymo dienos;

5.15.2. Vandenilio ir kity inovatyviy technologijy bei CO2 surinkimo ir panaudojimo
(CCU), CO2 surinkimo ir saugojimo (CCS) technologijy taikymo pramonés jmonése
galimybiy vertinimo ir teisinés analizés ataskaita - per 200 (du 3imtus) kalendoriniy dieny
nuo sutarties pasiradymo dienos;

5.15.3. Pramonés jmoniy peréjimo prie nuliniy emisijy iki 2050 m. veiksmy planas
- per 230 (du Simtus trisdedimt) kalendoriniy dieny nuo sutarties pasiradymo dienos;

5.15.4. Baigiamoji ataskaita - per 260 (du Simtus 3esiasdedimt) kalendoriniy dieny
nuo sutarties pasiradymo dienos.

Tasks

Proposals to 'Industry 4.0'

Final Report

Carbon storage

Carbon utilization

Carbon capture

Reducing CO2 emissions

Current situation

T

T

Tasks Chart



Water will be the coal of the future.

Jules Verne

“The Mysterious Island”
1874

VISIONS OF A HYDROGEN ECONOMY

Aciu uz demes;j!!!



