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A European Green Deal

Striving to be the first climate-neutral continent

Climate change and environmental degradation are an existential threat to
Europe and the world. To overcome these challenges, Europe needs a new
growth strategy that will transform the Union into a modern, resource-efficient
and competitive economy, where

« there are no net emissions of greenhouse gases by 2050
« economic growth is decoupled from resource use
« no person and no place is left behind

The European Green Deal is our plan to make the EU's economy
sustainable. We can do this by turning climate and environmental challenges
into opportunities, and making the transition just and inclusive for all.
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Next GenerationEU- anew recovery instrument of 750 billionwhich will boosthe EU budget
with new financing raised on the financial markets 2021-2024

Postizanje samodostatnosti:
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- Proizvodnja aktivnih komponenti lijekova (povratak proizvodnje iz Azije)

Investing in a green, digital and resilient Europe

[
Learning the
lessons from
the crisis
= Recovery and Resilience Facility * Solvency Support Instrument = New Health programme
= Recovery Assistance for Cohesion and » Strategic Investment Facility = Reinforced rescEU
the Territories of Europe - REACT-EU » Strengthened InvestEU programme = Reinforced programmes for
» Reinforced rural development research, innovation and external
programmes action

= Reinforced Just Transition Mechanism
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Within European Semester framework

| = Supporting investments and reforms i » Supporting key sectors and * Supporting key programmes for
| = Supporting a just transition i technologies future crises

» [nvesting in key value chains = Supporting global partners

i s Solvency support for viable companies \ /
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Design of a new steam reforming catalyst based on nanoscience
w Au-Ni surface alloy

F. Besenbacher, et al., Design of a Surface Alloy Catalyst for Steam RefSoeing79 (1998) 1913



Design of a new steam reforming catalyst based on nanoscience
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Figure 1 Typical H, SMR configuration: WHRS — waste heat recovery section, APH — air preheat, PGB — process gas boiler, PSA — pressure
swing adsorption, BFW — boiler feed water
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Figure 7 Air Liquide’s commercial scale
demonstration plant
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Figure 9 Overview of internal surface morphology (top pictures) and cross-sections after
etching (bottom pictures) of the helical tube made in less resisting alloy after 8000 hours
of operation as a function of carbon activity

Figure 6 Block flow diagram of the multipurpose SMR demonstration plant;
PGB — process gas boiler, WHRS — waste heat recovery section
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Figure 2 Burner throat of a typical GB
Single Jet burner showing the different
combustion air and internal flue gas
recirculation zones of the burner

Figure 3 Peak flame temperature versus thermal NOx production



ope atmg at a significantlipwe u@l-gas pressure of 18 psig an
‘ tred only five of the sﬂaurnersto achieve the desired heat rgf

flames and Iow flaménteraction. With thoseoperatingparameters the new
urnerspaldfor themselves in less thasne weekof operation
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Zbrinjavanje CQOeakcijom
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Mg 1 Ca i formiranjem '

karbonata MgCQ CaCQ

CaO+ CQ= CaCQ nH<0

Mg,SiQ + 2CQ=2MgCQ + SiQ

CSNY2RAYI YAG1A LR2@2f
spontan, ali dugotrajan.

wollastonite CasSio; + CO, — CaCo,
olivine Mg,SiO, + 2CO, — 2MgCO; + SiO,
pyroxenes CaMgSi, O, + 2CO, — CaMg(CO,), + 2Si0,

serpentine polytypes Mg,5i,0(OH), + 3CO, — 3MgCO, + 2Si0, + 2H,0
brucite Mg(OH), + CO, — MgCO, + H,0
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UtiskivanjeCQ iz postupka reformiranja naftna polja
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UtiskivanjeCQ iz postupka reformiranja naftna polja
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KEMIJSKI PROCESI U RAZVITKU

Dimeitl karbonat(DMC)q organski ester formul®C(OC}),. Bezbojna, zapaljiva kapljevina.
Upotrebljava se kao otapalo, dodatak gorivima, za procestlacije Smatra se zelenim
NBIF3ISyazy A yS LIR2RfA2SOS 9t! NBAUGNAR]OAZI

Dobivanje o
A. Oksidativnakarbonilacija Hsc\o)]\O/CH?,
CO + 1/2 @+ 2CHOH h (CHO),CO+ HO

B. Transesterifikacijatilen karbonata ilpropilenkarbonata i metanola

j\ CQ+2NHz urea+HO
HN™ "NHy urea+ propilenglikol 2 propilenkarbonat+ 2NH,
propilenkarbonat+ 2MeOH z DMC+ propilenglikol

H3C\CTO Ho/\(

OH



Glavne kemikalije koje se trenutno sintetiziraju iz CO;z u industrijskim razmjerima.
+

Strukturna formula i naziv, godisnja proizvodnja postupkom iz CO; (doi: 10.1016/j.petlm.2016.11.00351T)

O Salicilna kiselina

30.000 t
OH

0 Urea
)1\ 112.000.000 t

0 Q Cikli¢ki karbonati (etilen-karbonat, propilen-karbonat)

)k )k 40.000 t
o o

Polikarbonati

o 600.000 t
‘ O (o)
0

0 Poli{eter-karbonati)

10.000 t
o

n m




Fine i visoko volumne kemikalije te goriva koje se trenutno sintetiziraju iz CO; na pilotskim
postrojenjima.

Kemikalija - proizvod Tvrtka (lokacija) Gc.)dlsnja.
proizvodnja
» Carbon Recycling International (Island) A4.000 t
Metanol
» Mitsui Chemical Company (Japan) 100t
Metan (gorivo) e Audi (Njemacka) 1.000 t

Ugljikov monoksid (preko SOEC)” e Haldor-Topsoe (Danska)/Gas Innovations (SAD) 12 Nm®/h

Sintetska CH goriva (preko CO; » Sunfire (Njemacka) It
Fischer-Tropschove sinteze) o INERATEC (Finska) 200 L

0
@\ JJ\ /@ » Shell (Singapur) 500 t
0 0 » Asahi-Kasei 1.000 t

Difenil karbonat

HO /H\

W S e Liquid Light/Avantium (Nizozemska) 2.4¢
@]

Oksalna kiselina

"S0EC = elektroliza/elektrolizer s évrsto-oksidnim elektrodama



renewable
power
electrolysis from surplus power

- Audi e-gas ——

renewable fuel

natural gas
grid

¢cSKy2f 2011 aKSYlI LINROS&lI LINRAT @2
od CQi zelenog vodika dobivenog elektrolizom vode



Konverzija CQu gorivo putentermokemijskod . JN2 OS a I  y I & -dmyfaint @ 2
reaktor kontinuirano cijepa C@rekoredoksmembrane u odvojene tokove COJ O
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More in News, Power Plants, Projects, Markets & Finance, Policy, Europe

France backs green hydrogen as part of
€30bn green energy package

By Jules Scully ~ Sep 07, 2020 11:16 AM BST 0 <share @ 2 B

WVithSyY SNHEe O2yadzyYLJiAz2y NBLINBaSy YSIENI & 1t 2F CNIyoOSQa
greenhouse gas emissions, the government said the scheme shou

an opportunity for the country to spearheddw-carbon hydrogen
production A total ofe7 billionwill be spentoy 2030 to develop gree
hydrogen including funding for research projects focused on carbo
free solutions based on hydrogen for the maritime and aviation
industries¢

ol
g

Almost a third of France's €100 billion (US$118.2 billion) coronavirus recovery package will be @ FI i r Liq u id e

directed towards greener energy policies, as the country ramps up expenditure on hydrogen ) . )
production. A world leader in gases, technologies and services

for Industry and Healtt £21920 M

Some €30 billion of the plan will be spent on an “ecological transition”, including efforts to make
buildings more energy efficient and|ensure France is at the forefront of green hydrogen.|the
country’s prime minister, Jean Castex, noted. “Relaunch France is first and foremost a plan
intended to serve the climate and biodiversity,” he said. [Report - 1/3] Let'’s talk hydrogen!

SHAREHOLDERS [EZOIMIIOY 2019 Group revenue

Announcing the package — which has employment, environment and competitiveness as its three
pillars — last week, Castex said the money would be spent over the next two years to help the
economy to recover to its pre-crisis level by 2022.

READ MORE -



11 The Netherlands Preparing for
GW-Scale Hydrogen Production

JUN 2020

Neore hederiast

Trenutne industrijske potrebe za vodikom:
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5 potential industrial regions have been designated for large-scale green hydrogen

production.

Currently the Dutch annual industrial hydrogen demand is 1.2 million ton. This demand
will significantly increase in the coming decade and the production methods need to be
“green’, fueled by renewable electricity. New markets like transport will need to be
serviced. More than 10 GW electricity will be needed as input and most will come from
offshore North Sea wind. Currently electrolyzers are in the MW range, not GW. The
GW-hydrogen plant will need up to 8 hectare. In all 5 regions locations with sufficient
space can be found. Bottleneck is the electricity infrastructure, not so much the gas
infrastructure. Bringing renewable electricity from all those turbines and panels to the

hydrogen plants will be more costly than handling the resulting hydrogen.




Next stop, hydrogeipoweredtrains

W2 2 NI RQa T-povdred QainfeitRsNiBo3Swee
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European railway manufacturer Alstom has launched what it says i théNdX R tyarog&nifuelEcel train
I £ & 0G@oMadiELintuses fuel cells thatrn hydrogen and oxygen into electrigity

andcan travel up tdl40 kilometers pehour. Twomodels of the lownoise, zereemissions train will enter
commercial service in Lower Saxony, Germany, today

Engineers working on thidydroflexsay that hydrogespowered
trains could be the answer twecarbonisingi KS ! Y Qa
without incurring the high cost of electrifying its track.
Accordingo anassessment of 20 linds Britain and mainland
Europe, electrifying a single kilometer of trazdn
cost£750,000 to £1m ($965,000 to $1.3m).
Hydrogenpoweredtrains are less expensive,

becausdi KS& R2y Qi NXBIjdzZANB YI aa
they can be created by retrofitting existing diesel trains.
Thisis especially beneficial in rural areas where there are mc
- miles to cover, but fewer passengers to justify the expense.
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https://www.railjournal.com/infrastructure/british-electrification-costs-could-be-cut-by-50-says-report/

FORBESEDITOR®ICIR3,342 views|Dec29, 2019,08:00am EST
HeavyDuty Hydrogen: Fuel Cell Trains And Trucks Power Up For The 2020s

Thefirst zereS Y A & daydRik profect in the U.S. will be in southern California, where
the San Bernardino County Transportation Authority plans to operate a FLIRT H2 train fr
Swiss suppliestadlerfrom 2024 The first train, with two cars and a rooftop power pack
containing fuel cells and hydrogen tanks, will run onrai@ commuter rail line between
San Bernardino and Redlands, under a contract worth $23.5 million, according to the
SBCTA, with an option to purchase four more trains.
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Big oil, big auto tout hydrogen as next clean fuel choice

Thirteen-member council calls for governments to put forward large investments.

By Daniel J. Gracber w7 B4 | Jan.18,2017 at 6:04 AM [l et
bl FGIFOA A | dzi2z AYyRdzZAGNRA2I OStS @G2RA1 112 6Aa
bl YIFNBAYLl Yl 323LJ32 R NIajogudlikipeedsixviti autzmadiBke Onlaftid | 2
industrije su formirali tijelo pod nazivofydrogen Counci A 2 A da 8eSusnieki if o&tatak
AYRAzZZAGNA2A1{AK LINRPAT @2SFH61 (S TF1.2y2RI@0S LIN
t NBYl AT 21 GA AT ONDOy23 RANB] G2 NI Pogesaf A 1 S F NI Y (
OAf e 2023 a4l daxdilz &S A2 RAAo2IIAGWG22A2 112 1f 2d:
mobilnost kao i za energiju za industrijski sektor i stanovadje

{Fr@g2SiG T @G2RA]l 2aAY GS FTNIyOdza1$S 12YLIyAasS 6AyS 220 ¢2e2il
Izvor: UnitedPresdnternational, 18.1.2017.

Fuel cell vehicleare limited in availability and depend in part on accesgefaeling stationgor hydrogen.

"We needgovernmentgo back hydrogen with actions of their ovgfor example througharge-scale infrastructurenvestmentschemesg'
Potiersaid.

The council collectively aims to invest nedihyl billionduring thenext five yearsn hydrogenrelated energy products

Outside of the 13nember group, théJnited Statedias committed at leas$3 million to advance fuetell researclwith the aim of
increasing market competition. Austria, meanwhile, already has infrastructure in place to support hygmgered vehicles andnergy
companyOMVsaid it's a partner in an initiative idermany, which envisions 400 hydrogen filling stations by 2023
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Diesel
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Ethanol

Liquefied Natural Gas
Methanol

Ammonia (liquid, -35°C)
Ammonia (liquid, 25°C)
Hydrogen (liquid)
Hydrogen (/00bar)
Hydrogen (350bar)
Li-battery (NMC)
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B Carbon-based fuels

B Zero-carbon fuels
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Proizvodnja zelenog vodika

SIROVINEPROCES

- Sirovina voda I

(R

- izvori energijepbnovljivi
(hidroelektrane yvjetroelektrane fotoelektrane

- proces elektrokemijskt elektrolizavode
2H,0 () 2 Hy(g) + O,(9)




Proizvodnja zelenog vodika

PROIZVODI

- proizvod zelenivodik

- suproizvod 6 A kisik A ; A
(za kemijske procese, za izgaranje CH goriva umjestogpkaukti: voda+CgI 06 S| R dzOA ]



