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❖The world will face several crises.  
❖This will threaten the  life of the coming generations.
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❖ Hydrogen contains a large amount of chemical energy per mass so hydrogen energy becomes the most 

promising solution for the coming energy crisis and a good candidate instead of fossil fuels.

❖ Hydrogen is a convenient, safe, that can be easily converted to a desired form of energy without 

releasing harmful emissions.

❖ H2 +  ½ O2 → H2O + Energy

❖ However, because of its low chemical energy per volume, cost- effective and safe materials for 

hydrogen storage as energy carriers are the key element for hydrogen-based energy.
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Hydrogen Types  

Green 
Hydrogen

From water 
Electrolysis   

Blue 
hydrogen

Blue hydrogen is 
produced mainly 
from natural gas, 
using a process 

called steam 

reforming. 

Grey 
hydrogen

Grey hydrogen is 
created from 

natural gas, or 
methane, using 
steam methane

Black and 
brown 

hydrogen
Created using 
black coal or 
lignite (brown 
coal) in the 

hydrogen-making 
process.

Pink 
hydrogen

Pink hydrogen is 
generated 
through 

electrolysis 
powered by 

nuclear energy

Turquoise 
hydrogen

Turquoise 
hydrogen is made 

using a process 
called methane 

pyrolysis to 
produce hydrogen 
and solid carbon
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❑ Technical feasibility of using hydrogen to power vehicles.

❑ Through the CUTE (Clean Urban Transport for Europe )

❑ Hydrogen fleet( HyFLEET).
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Seawater

Electrolyzer
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Table 1. Composition of Mediterranean Seawater
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Hydrogen Storage 
Routes In Solid-
State Materials 

Physisorption process Chemisorption process 
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Synthesis of 
nanomaterials

Bottom Up Top Down

❖ The target of synthesis of nanomaterials is to yield a material that exhibits properties that are a 

result of their characteristic length scale being in the nanometer range (~1 – 100 nm).

❖ The synthetic method should govern the control of size.
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Nanomaterials 

0-D 
(nanoparticles)

1-D (nanotubes, 
nanofibers, 
nanowires). 

2-D (Graphene, 
nanofilms, 

nanocoatings, 
nanolayers).

3-D (Nanoflowers, 
nanopillers, 
nanocoils

)

Nour F. Attia, et al., Mater . lett  . 2015,158,186-189Nour F. Attia, et al, Int. J. Hydrogen  Energy. 2013,38,9251-9262
Nour F. Attia et al.J Nanopart Res , 2014, 16:2361
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