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The earliest concern on carbon emission 

The temperature rise 5-6 ℃ if CO2 doubled: ~3000 years
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CO2 emission > 40 Gton/year

Solution for reducing CO2 emission: renewable  energy



Solar 120,000 TW

Global Energy
Consumption
18 TW

Wave 0.2-2 TW

Geothermal 0.3-2 TW

Hydro 3-4 TW

Wind 25-70 TW

Biomass 2-6 TW

Solutions — renewable  energy 2

We have more than enough 
renewable energy 

resources, the key is to 
upgrade them into the 

quality that can meet our 
needs!



Hydrogen as clean energy carrier 3

https://eta.lbl.gov/news/article/hydrogen-energy-carrier-future

The most abundant element in the universe!

Already a crucial chemicals and fuels today!

Fuel cell stack

Nature, 595, 361–369 (2021)

Driving range: > 600 km
Tank capacity: < 6 kg
Electric motor: > 180 HP



https://newsroom.posco.com/en/

Hydrogen productions 4

>96% of H2 production produced from fossil fuels today

~70 million tonnes/yr



Green hydrogen productions 5

Water Electrolysis

H2O (l) ⇌ H2 (g) + ½ O2(g)            ΔG = + 237.1 kJ/mol  (∆𝐺0 = −𝑛𝐹𝐸0)

𝐸𝑟𝑒𝑣
0 = 1.229 V

2H+ + 2e- ⇌ H2 E0 = 0 V vs. SHE      

Reduction reaction

H2O ⇌ 2H+ + 2e- + ½ O2 E0 = 1.229 V vs. SHE      

Oxidation reaction
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Water Electrolysis
2H+ + 2e-⇌ H2 E0 = 0 V vs. SHE      

Hydrogen Evolution Reaction (HER)

H2O ⇌ 2H+ + 2e- + ½ O2 E0 = 1.229 V vs. SHE      

Oxygen Evolution reaction (OER)

Science 355, eaad4998 (2017)



PEM water electrolyzer Alkaline water electrolyzer

Typical performance:
Current density: ~ 500 mA/cm2;
Efficiency [%] (HHV) 50–70.8; 
Hydrogen purity [vol.%]: 99.3–99.999;
System lifetime: 20–30 years.

Electrode materials: 
Ni treated stainless steel (corrosion resistant 
in alkaline media); Cobalt is usually added to 
the anode, while Iron and Vanadium are used 
at the cathode.

Electrode materials: 
Cathode: Pt/substrates; 
Anode: IrO2/TiO2.
PEM: Nafion from DuPont

Unipolar stack design                Bipolar stack design

Typical performance:
Current density:  > 2 A/cm2;
Efficiency [%] (HHV) 48.5–65.5; 
Hydrogen purity [vol.%]: >99.999;
System lifetime: 10–20 years.
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Water Electrolysis : Alkaline, PEM, Solid oxide…



Green hydrogen productions 8

Photocatalytic water electrolysis

H2

Suitable for non-centralized facilities 

Photoelectrochemical water electrolysis



Green hydrogen productions 9

Photobiological hydrogen production Biomass hydrogen production

Can extend to 
other bio-fuel, e.g., 
bio-diesel

Thermal chemical, biochemical, fermentations…

Solar Thermochemical Hydrogen production

A solar concentrator
uses mirrors to capture
and focus sunlight to
produce temperatures
up to 2,000°C, to thermal 
decompose water. 



Opportunities and challenges 10

Storage & Transportations



Hydrogen fueling station worldwide

Thank You!
https://pubs.rsc.org/en/content/articlelanding/2019/ee/c8ee01157e




