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Akcijski plan Ȋŀ ǇƻǘƛŎŀƴƧŜ ǳőƛƴƪƻǾƛǘŜ ǳǇƻǘǊŜōŜ ǊŜǎǳǊǎŀ ǇǊŜƭŀǎƪƻƳ ƴŀ őƛǎǘƻΣ ƪǊǳȌƴƻ ƎƻǎǇƻŘŀǊǎǘǾƻΣ  
obnovu ōƛƻƭƻǑƪŜ ǊŀȊƴƻƭƛƪƻǎǘƛ ƛ ǎƳŀƴƧŜƴƧŜ ȊŀƎŀŚŜƴƧŀ.  
Plan opisuje potrebna ulaganja i dostupne financijske alate.  
EU ȌŜƭƛ biti klimatski neutralan 2050. godine. PredlŀȌŜ se Europski klimatski zakon Ȋŀ ǇǊŜǾƻŚŜƴƧŜ Ǉƻƭƛǘƛőƪe predanosti u 
zakonsku obvezu. Postizanje ovog cilja zahtijevat ŏŜ ǳƪƭƧǳőŜƴƻǎǘ ƛ djelovanje svih gospodarskih sektora: 
 

V ulaganja u ŜƪƻƭƻǑƪƛ prihvatljive tehnologije 
V ǇƻŘǊǑƪŀ industriji za inovacije 
V ǳǾƻŚŜƴƧŜ őƛǎǘƛƧƛƘΣ ƧŜŦǘƛƴƛƧƛƘ ƛ ȊŘǊŀǾƛƧƛƘ ƻōƭƛƪŀ ǇǊƛǾŀǘƴƻƎ ƛ ƧŀǾƴƻƎ prijevoza 
V dekarbonizacija energetskog sektora 
V osiguravanje energijske ǳőƛƴƪƻǾƛǘƻǎǘƛ zgrada 



Next Generation EU - a new recovery instrument of ϵ750 billion which will boost the EU budget 
with new financing raised on the financial markets for 2021-2024 

Postizanje samodostatnosti: 

- tǊƻƛȊǾƻŘƴƧŀ ƘǊŀƴŜ όǇƻǾǊǑƛƴŜΣ ǾƻŘŀΣ ƎƴƻƧƛǾƻΣ ǎƧŜƳŜύ 
- tǊƻƛȊǾƻŘƴƧŀ ŜƴŜǊƎƛƧŜ όƎƻǊƛǾŀύ ƛ ǎǘǊŀǘŜǑƪƛƘ ƳŀǘŜǊƛƧŀƭŀ 
- Proizvodnja aktivnih komponenti lijekova (povratak proizvodnje iz Azije) 
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Zeleni vodik 
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F. Besenbacher, et al., Design of a Surface Alloy Catalyst for Steam Reforming, Science 279 (1998) 1913 

Design of a new steam reforming catalyst based on nanoscience 
ω  Au-Ni surface alloy 
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¢9Ibh[h~Y! ¦b!twW979bW! PROCESA 

±ƛǎƻƪƻǳőƛƴƪƻǾƛǘƻ ǊŜŦƻǊƳƛǊŀƴƧŜ ōŜȊ ǇǊƻƛȊǾƻŘƴƧŜ ǎǳǾƛǑƴŜ ǇŀǊŜ - Air Liquide SMR-X tehnologija 
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Prikaz unutarnje izmjene topline primijenjen kod SMR-X tehnologije (desno)  
u ǳǎǇƻǊŜŘōƛ ǎ ƪƭŀǎƛőƴƛƳ ǇƻǎǘǳǇƪƻƳ όƭƛƧŜǾƻύΦ 
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¢9Ibh[h~Y! ¦b!twW979bW! PROCESA 

1. 5h.L±!bW9 ό5LW9[!ύ 5¦~LY! ¦ t{! W95LbL/L ¦aW9{¢h twL t!wbha w9ChwaLw!bW¦   

tǊƛƪŀȊ ƳƻǊŦƻƭƻƎƛƧŜ ǳƴǳǘŀǊƴƧŜ ǇƻǾǊǑƛƴŜ όƎƻǊƴƧŜ ǎƭƛƪŜύ ƛ ǇǊŜǎƧŜŎƛ ƴŀƪƻƴ ƧŜǘƪŀƴƧŀ όŘƻƴƧŜ ǎƭƛƪŜύ ŎƛƧŜǾƛ 

ƛȊǊŀŚŜƴƛƘ ƻŘ ǎƭŀōƻ ƻǘǇƻǊƴŜ ǎƭƛǘƛƴŜ ƴŀƪƻƴ уллл ǎŀǘƛ ǊŀŘŀ ǳ ǳǾƧŜǘƛƳŀ ǎƪƭƻƴƛƳ a5 ƪƻǊƻȊƛƧƛ  

kao funkcija aktiviteta ugljika, ac. 
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Usporedba investicijskih (gore) ƛ ǇǊƻƛȊǾƻŘƴƛƘ όŘƻƭƧŜύ ǘǊƻǑƪƻǾŀ Ȋŀ Ǿƛǎƻƪƻ-volumnu proizvodnju 
ǾƻŘƛƪŀ ǇŀǊƴƛƳ ǊŜŦƻǊƳƛǊŀƴƧŜƳ ƴŀ ƻǎƴƻǾƛ ǊŀȊƭƛőƛǘƛƘ {aw ƪƻƴŎŜǇŀǘŀΦ 
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hōƴƻǾŀ ǇƭŀƳŜƴƛƪŀ ǇƻǾŜŏŀǾŀ ƪŀǇŀŎƛǘŜǘ ƛ ǎƳŀƴƧǳƧŜ ǘǊƻǑƪƻǾŜ - Zeeco  



One immediate result of the burner retrofit was the furnace began 
operating at a significantly lower fuel gas pressure of 18 psig and 
required only five of the six burners to achieve the desired heat release 
at that pressure. The new operating pressure was well below the 
maximum 27.5 psrg and the burners operated as expected with stable 
flames and low flame interaction. With those operating parameters, the new 
burners paid for themselves in less than one week of operation. 
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aƛƴŜǊŀƭƴƻ ǎƪƭŀŘƛǑǘŜƴƧŜ 
 
Zbrinjavanje CO2 reakcijom 
ǎ ƳƛƴŜǊŀƭƛƳŀ ƪƻƧƛ ǎŀŘǊȌŜ 
Mg i Ca i formiranjem 
karbonata MgCO3 i CaCO3 
 

CaO + CO2 = CaCO3   ɲH < 0 
 

Mg2SiO4 + 2CO2 = 2MgCO3 + SiO2  
 
¢ŜǊƳƻŘƛƴŀƳƛőƪƛ ǇƻǾƻƭƧŀƴ ǇǊƻŎŜǎΣ  
spontan, ali dugotrajan. 
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Utiskivanje CO2 iz postupka reformiranja u naftna polja  
όǇǊŀƪǘƛőƴŀ ƛǎƪǳǎǘǾŀ ς INA: naftna polja LǾŀƴƛŏ ƛ ¿ǳǘƛŎŀ ς EOR ς pƻǾŜŏŀƴƧŜ iscrpka ugljikovodika) 
= plavi vodik 
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KEMIJSKI PROCESI U RAZVITKU 

Dimetil karbonat (DMC) ς organski ester formule OC(OCH3)2. Bezbojna, zapaljiva kapljevina. 
Upotrebljava se kao otapalo, dodatak gorivima, za procese metilacije. Smatra se zelenim 
ǊŜŀƎŜƴǎƻƳ ƛ ƴŜ ǇƻŘƭƛƧŜȌŜ 9t! ǊŜǎǘǊƛƪŎƛƧŀƳŀ Ȋŀ ƘƭŀǇƭƧƛǾŜ ƻǊƎŀƴǎƪŜ ǘǾŀǊƛ ό±h/ύ ǳ {!5Φ  

Dobivanje 
 
A. Oksidativna karbonilacija 

 

CO + 1/2 O2 + 2 CH3OH  Ҧ  (CH3O)2CO + H2O 
 
B. Transesterifikacija etilen karbonata ili propilen karbonata i metanola 
 

CO2 + 2 NH3 ᵶ  urea + H2O 

urea + propilen glikol  ᵶ  propilen karbonat + 2 NH3 

propilen karbonat + 2 MeOH  ᵶ  DMC + propilen glikol 







¢ŜƘƴƻƭƻǑƪŀ ǎƘŜƳŀ ǇǊƻŎŜǎŀ ǇǊƻƛȊǾƻŘƴƧŜ ǎƛƴǘŜǘǎƪƻƎ ƳŜǘŀƴŀ  

od CO2 i zelenog vodika dobivenog elektrolizom vode 



Konverzija CO2 u gorivo putem termokemijskog ǇǊƻŎŜǎŀ ƴŀ ǎǳƴőŜǾƻ ȊǊŀőŜƴƧŜ - solarni 
reaktor kontinuirano cijepa CO2 preko redoks membrane u odvojene tokove CO i O2 
ǇƻƳƻŏǳ ƪƻƴŎŜƴǘǊƛǊŀƴƻƎ ǎǳƴőŜǾƻƎ ȊǊŀőŜƴƧŀ όǎƻƭŀǊƴƛ ǘƻǊŀƴƧύΦ 



{ǘŀƴƧŜ ƛǎǘǊŀȌƛǾŀőƪƛƘ ŀƪǘƛǾƴƻǎǘƛ Ȋŀ ŘƻōƛǾŀƴƧŜ ƪŜƳƛƧǎƪƛƘ ǇǊƻƛȊǾƻŘŀ ƛȊ ƻǘǇŀŘƴƻƎ /h2 - ǾŜŏŀ 
Ǝǳǎǘƻŏŀ ƴŀ ŘƛƧŀƎǊŀƳǳ ǳƪŀȊǳƧŜ ƴŀ ȊƴŀǘƴŜ ƛǎǘǊŀȌƛǾŀőƪŜ ŀƪǘƛǾƴƻǎǘƛΣ ŀ ǇǊŀȊƴŀ ǇƻŘǊǳőƧŀ 
ƻȊƴŀőŀǾŀƧǳ ƻŘǎǳǎǘǾƻ ƛƭƛ ƳŀƭŜ ƛǎǘǊŀȌƛǾŀőƪŜ ŀƪǘƛǾƴƻǎǘƛΦ 



αWith ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ǊŜǇǊŜǎŜƴǘƛƴƎ ƴŜŀǊƭȅ тл҈ ƻŦ CǊŀƴŎŜΩǎ 
greenhouse gas emissions, the government said the scheme should be 
an opportunity for the country to spearhead low-carbon hydrogen 
production. A total of ϵ7 billion will be spent by 2030 to develop green 
hydrogen, including funding for research projects focused on carbon-
free solutions based on hydrogen for the maritime and aviation 
industries.έ 

A world leader in gases, technologies and services  
for Industry and Health 



Trenutne industrijske potrebe za vodikom:  
мΣн ƳƛƭΦ ǘκƎƻŘΦ ǳȊ ƻőŜƪƛǾŀƴƛ ǇƻǊŀsǘ ǇƻǘǊŀȌƴƧŜ ȊōƻƎ  
ƴƻǾƛƘ ǘǊȌƛǑǘŀ όǇǊƻƳŜǘύ 
Za zeleni vodik: > 10 GWel   
- vjetroturbine u Sjevernom moru 
- proizvodno-ŘƛǎǘǊƛōǳǘƛǾƴŀ ƳǊŜȌŀ ǳ р ǊŜƎƛƻƴŀƭƴƛƘ ǇƻŘǊǳőƧŀ  >  >  > 

 



Next stop, hydrogen-powered trains 

Ψ²ƻǊƭŘΩǎ ŦƛǊǎǘΩ ƘȅŘǊƻƎŜƴ-powered train enters into service 
PUBLISHED MON, SEP 17 2018 5:29 AM  
UPDATED TUE, APR 21 2020 5:41 AM 

European railway manufacturer Alstom has launched what it says is the ǿƻǊƭŘΩǎ ŦƛǊǎǘ hydrogen fuel cell train. 
!ƭǎǘƻƳΩǎ Coradia iLint uses fuel cells that turn hydrogen and oxygen into electricity,  
and can travel up to 140 kilometers per hour. Two models of the low-noise, zero-emissions train will enter 
commercial service in Lower Saxony, Germany, today. 
 
 

https://www.bbc.com/future/article/20200227-how-hydrogen-powered-trains-can-tackle-climate-change 

Engineers working on the Hydroflex say that hydrogen-powered 
trains could be the answer to decarbonising ǘƘŜ ¦YΩǎ Ǌŀƛƭ ǎȅǎǘŜƳ 
without incurring the high cost of electrifying its track.  
According to an assessment of 20 lines in Britain and mainland 
Europe, electrifying a single kilometer of track can  
cost £750,000 to £1m ($965,000 to $1.3m).  
Hydrogen-powered trains are less expensive,  
because ǘƘŜȅ ŘƻƴΩǘ ǊŜǉǳƛǊŜ ƳŀǎǎƛǾŜ ǘǊŀŎƪ ƻǾŜǊƘŀǳƭǎ ŀƴŘ  
they can be created by retrofitting existing diesel trains.  
This is especially beneficial in rural areas where there are more 
miles to cover, but fewer passengers to justify the expense. 
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FORBES / EDITORS' PICK|23,342 views|Dec 29, 2019,08:00am EST 
Heavy-Duty Hydrogen: Fuel Cell Trains And Trucks Power Up For The 2020s 
 
The first zero-ŜƳƛǎǎƛƻƴ άhydrailέ project in the U.S. will be in southern California, where 
the San Bernardino County Transportation Authority plans to operate a FLIRT H2 train from 
Swiss supplier Stadler from 2024. The first train, with two cars and a rooftop power pack 
containing fuel cells and hydrogen tanks, will run on a 9-mile 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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bŀŦǘŀǑƛ ƛ ŀǳǘƻ ƛƴŘǳǎǘǊƛƧŀ ȌŜƭŜ ǾƻŘƛƪ ƪŀƻ őƛǎǘƻ ƎƻǊƛǾƻ  
bŀ ƳŀǊƎƛƴŀƳŀ ƎƻǎǇƻŘŀǊǎƪƻƎ ŦƻǊǳƳŀ ǳ ǑǾƛŎŀǊǎƪƻƳ Davosu veliki predstavnici automobilske i naftne 
industrije su formirali tijelo pod nazivom Hydrogen Council őƛƧƛ ƧŜ ŎƛƭƧ da se usmjeri i ostatak 
ƛƴŘǳǎǘǊƛƧǎƪƛƘ ǇǊƻƛȊǾƻŚŀőŀ ǘŜ ȊŀƪƻƴƻŘŀǾŎŜ  ǇǊŜƳŀ ǾƻŘƛƪǳ ƪŀƻ őƛǎǘƻƳ ŜƴŜǊƎŜƴǘǳ.  
tǊŜƳŀ ƛȊƧŀǾƛ ƛȊǾǊǑƴƻƎ ŘƛǊŜƪǘƻǊŀ ǾŜƭƛƪŜ  ŦǊŀƴŎǳǎƪŜ ǇƭƛƴǎƪŜ ǘǾǊǘƪŜ !ƛǊ [ƛǉǳƛŘŜ .Φ Potiera,  
ŎƛƭƧ ƻǾƻƎ ǎŀǾƧŜǘŀ ƧŜ Řŀ ƻōƧŀǎƴƛ αȊŀǑǘƻ ǎŜ ǾƻŘƛƪ ƛȊŘǾƻƧƛƻ ƪŀƻ ƪƭƧǳőƴƻ ǊƧŜǑŜƴƧŜ Ȋŀ ŜƴŜǊƎŜǘǎƪǳ ǘǊŀƴȊƛŎƛƧǳΣ 
mobilnost kao i za energiju za industrijski sektor i stanovanjeάΦ  
{ŀǾƧŜǘ Ȋŀ ǾƻŘƛƪ ƻǎƛƳ ǘŜ ŦǊŀƴŎǳǎƪŜ ƪƻƳǇŀƴƛƧŜ őƛƴŜ ƧƻǑ ¢ƻȅƻǘŀ ƛ мн ŘǊǳƎƛƘ ŜǳǊƻǇǎƪƛƘ ƛ ŀȊƛƧǎƪƛƘ ǇǊƻƛȊǾƻŚŀőŀ ŀǳǘƻƳƻōƛƭŀ ƛ ƴŀŦǘŜΦ  
Izvor: United Press International, 18.1.2017. 

Fuel cell vehicles are limited in availability and depend in part on access to refueling stations for hydrogen. 
"We need governments to back hydrogen with actions of their own ς for example through large-scale infrastructure investment schemes," 
Potier said. 
The council collectively aims to invest nearly $11 billion during the next five years in hydrogen-related energy products. 
Outside of the 13-member group, the United States has committed at least $3 million to advance fuel-cell research with the aim of 
increasing market competition. Austria, meanwhile, already has infrastructure in place to support hydrogen-powered vehicles and energy 
company OMV said it's a partner in an initiative in Germany, which envisions 400 hydrogen filling stations by 2023. 



±ƻŘƛƪ ǳ ǎǊŜŘƛǑǘǳ ƪƻƴǾŜƴŎƛƻƴŀƭƴƛƘ ƛ ƴƻǾƛƘ 
tehnologija 



9ƳƛǎƛƧŜ ǎǘŀƪƭŜƴƛőƪƛƘ ǇƭƛƴƻǾŀ ǳ ƛƴŘǳǎǘǊƛƧǎƪƻƧ ǇǊƻƛȊǾƻŘƴƧƛ Ǿƛǎƻƪƻ ǾƻƭǳƳƴƛƘ ƪŜƳƛƪŀƭƛƧŀ  
(podaci za 2010. godinu; BTX = benzen, toluen, ksilen ς bazni aromatski ugljikovodici). 



Volumetrijska Ǝǳǎǘƻŏŀ ŜƴŜǊƎƛƧŜ ǊŀȊƴƛƘ ƎƻǊƛǾŀ 



{ǳǎǘŀǾ Ȋŀ ƛǎǇƛǘƛǾŀƴƧŜ ƛȊƎŀǊŀƴƧŀ ŀƳƻƴƛƧŀƪŀ ŦƛƴǎƪŜ ǘŜƘƴƻƭƻǑƪŜ ƎǊǳǇŜ 
Wärtsilä 



Proizvodnja zelenog vodika 
 
SIROVINE I PROCES 
 
 
 

- sirovina: voda 
 
 

- izvori energije: obnovljivi 
(hidroelektrane, vjetroelektrane, fotoelektrane) 

 
- proces: elektrokemijski - elektroliza vode  

2 H2O (l) Ҧ 2 H2(g) + O2(g) 



Proizvodnja zelenog vodika 
 
PROIZVODI 
 

- proizvod: zeleni vodik 
 

- suproizvod: őƛǎǘƛ kisik  
(za kemijske procese, za izgaranje CH goriva umjesto zraka ς produkti: voda + CO2Σ ōŜȊ ŘǳǑƛƪŀύ  

 


