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https://twitter.com/ieashc/status/662700708622442496
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What is Electrolysis?
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Basics in Electrolysis
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REDUCTION REACTION IN ELECTROLYSIS

• In pure water at the negatively charged cathode, a reduction reaction  
takes place, with electrons (e−) from the cathode being given to 
hydrogen cations to form hydrogen gas (the half reaction balanced 
with acid):
• Reduction at cathode: 2 H+(aq) + 2e− → H  2(g)
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http://en.wikipedia.org/wiki/Redox
http://en.wikipedia.org/wiki/Aqueous_solution
http://en.wikipedia.org/wiki/Gaseous


OXIDATION REACTION IN ELECTROLYSIS

• At the positively charged anode, an oxidation reaction occurs,  
generating oxygen gas and giving electrons to the anode to complete 
the circuit:
• Oxidation at anode: 2 H2O(l) → O2(g) + 4 H+(aq) + 4e−

5 December 2017 A. Bakar Jaafar @Gas Malaysia 9
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BALANCING BOTH REACTIONS IN 
ELECTROLYSIS

• Cathode (reduction): 
    2 H2O(l) + 2e− → H  2(g) + 2 OH−(aq)

• Anode (oxidation): 4 OH−(aq) → O2(g) + 2 H2O(l) + 4 e−

• Combining either half reaction pair yields the same overall 
decomposition of water into oxygen and hydrogen:
• Overall reaction: 2 H2O(l) → 2 H2(g) + O2(g)
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MINIMUM ENERGY REQUIRED TO SPLIT 
WATER INTO H2 & O2

• The electrolysis of water in standard conditions requires a theoretical 
minimum of 237 kJ of electrical energy input to dissociate each mole 
of water, which is the standard Gibbs free energy of formation of  
water. It also requires energy to overcome the change in entropy of 
the reaction
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http://en.wikipedia.org/wiki/Gibbs_free_energy


CONVERSION

237 kJ/1 mole of H2
= 237 kJ/1.01 gm of H2
=237 kJ/(1.01 gm)(kg/kg)H2
=237 kJ/(1.01 gm)[(kg/kg)(kg/1000 gm) H2
= 234x1000 kJ/kg H2
= 234 x1000 kJ (hour/hour)/kg H2
= 234 x 1000 kJ (hour/3600 sec)/kg H2
=234 x 1000 k (j/sec) hour/3600 kg H2
=234 x 1000 kWh/3600 kg H2
=65 kWh/kg H2
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Atmospheric Alkaline Electrolyser

 
http://nelhydrogen.com/assets/uploads/2017/01/Nel_Electrolyser_brochure.pdf

Note: 11.13 Nmᶟ/kg

Max. Production
=1,046 kg/day
Supplying 
1,000 city-urban H2FCVs
@105 km/day of travelling
& @ 100 km/kg of H2

or equivalent to RM 30 of 
RON97 per 100 km

c.f. cost of H2 Fuel 
= RM15/kg

http://nelhydrogen.com/assets/uploads/2017/01/Nel_Electrolyser_brochure.pdf


CASE I: 
THE ECONOMICS OF HFCV-vis-a-vis ICE for TRANSPORT

• 1 kg of H2 => 1 gallon of gasoline equivalent
• HFCV:ICE = 60 miles:25 miles
• Mileage: 35/25= 140%
• Conventional Cost: H2:Gasoline=100:70 
    => 30 % more
• But to the consumer: HFCV more effective
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Annual Sales of Hydrogen Fuel @ex-Production

4 MW per year 
      = 4,000 kW x 333 days per year x 24 hours/ day 
      = 32 million kWh 
      = (32/36) million kg of H2 per year @~36 kWh/kgH2 
      = USD ~ USD 2 million per year @USD 2.2/kgH2
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Ec o n o m ic s  o f  H 2 FCV vs  ICE-P e t ro l  Ca r

RM Fu e l Ve h ic le M ile a g e ( k m ) Co s t /k m  ( RM )

1 0 .0 0 Pe t r ol ICE 4 0  km 0 .2 5

1 0 .0 0 H yd r og e n H F C₂ 1 0 0  km 0 .1 0

LEXU S  2 5 0
w ith

H F C₂

ICE

1 0 0  k m

4 0  k m
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ICE

H F C₂

7 1 % Wa s te  H e a t

Pow e r  to  t h e  w h e e ls
             2 9 %

F u e l (Un it  of En e r g y)
             1 0 0

2 9 % Wa s te  H e a t

N o Pollu t ion  
&

On ly H O va p ou r₂

7 1 %1 0 0

Pollu t ion
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Ref: http://energy.gov/sites/prod/files/2014/03/f10/46676.pdf
Accessed on 17 March 2016 by bakar.jaafar@gmail.com

http://energy.gov/sites/prod/files/2014/03/f10/46676.pdf
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Ocean Thermal
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CONCLUSION

• The calculated power required to produce 1 kg of hydrogen by 
electrolysis does concur with the work of Porter (2008)
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on 6 April 2015
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2015 Toyota Fuel Cell Electric Vehicle First Drive
The reduced cost of the carbon-fiber-wound, 10,000-
psi hydrogen storage tanks

5 kg of hydrogen (the energy equivalent of 5 gallons of 
gasoline

For over 300 miles  (500km)  fewer refill stations

Refill time, 3-5 minutes

150 hp with instant torque

Model, the like of Lexus HS250h   

Price: USD50,000

http://www.motortrend.com/roadtests/alternative/1311_2015_toyota_fuel_cell_electric_vehicle_f
irst_drive/#ixzz2nIDzPXoS
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HYDROGEN FUEL-CELL SMART POWER GRID

H2
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HYDROGEN, FUEL CELLS & SOLAR :THE CASE FOR MALAYSIA

Prof. Wan Ramli Wan Daud
National Fuel Cell Research Program Malaysia
MALAYSIAN NATIONAL FUEL CELL RESEARCH & DEVELOPMENT PROGRAM
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Market Trends & Drivers
Area/ Current Short Term (2015-2019) Medium (2020-2029) Long (2030-2050)

Social

Technological

Economic

Environmental

Political
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Safety concerns Small start facilities 
(better evaluate)

Better ad 
campaigns

A. Bakar Jaafar @Gas Malaysia

Intelligent infrastructures evolving

Track and tracing-real time 
shipment tracking 

Galileo - a satellite navigation 
system 

Automation- logistics & inventory 
automated planning 

Intelligent transport systems
Alternative powering technologies

Improvisations in conversion 
technology favour H2 as energy 

carrierCleaner Energy, Sustainable 
transport sector

Economic Growth – Demand 
& Supply of Market

Oil/Bunker price- 30% 
contribution of total logistics 

cost

Market outlook – Supply of 
carrier,

Shift of market 

New build/demolition of vessel

Reliability of H2 supply

Diesel 

IFO 180/IFO380

H2 market demand Crude
Logistics Market Trend

Technological solutions-Alternative fuels, reduced emissions and more 
efficient vehicles 

HSE on Logistics & Distribution – reduce violation on road/sea 
transportation, 

Loading / Discharging Facilities

DG/non-DG

No policy on OTEC Political ownership

OTEC Hydrogen logistics Hub in 
Asia the way forward- government 

solutions
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Technology(Storage and Mode of Transportation)

Area/ Current Short Term (2015-2019) Medium (2020-2029) Long (2030-2050)

High Pressure Gas 
Cylinders

Liquid Hydrogen

Chemical 
(LOHC) 

Solid Metal Hydride
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LH2 Container 
Truck 

Storage medium dibenzyltoluene 
– store in ambient pressure

 Safety compliance
 volume efficiencies

Storage at 200-350 bar (H2=350 
Kg/truck) 

storage at 500 bar (H2=1,100 
Kg/truck) 

Light weight of storage with high 
storing capacity/  Lower Logistics Cost

LH2 Vessel
FY2020 – Pilot vessel 

LH2 Vessel
FY2025 – Commercial vessel 

Safety compliance

COST
Expensive material
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Applications/ Product
Area/ Current Short Term (2015-2019) Medium (2020-2029) Long (2030-2050)

Industrial

Household

Transport

(Wild Cards)

60

LPG tanks 
with H2

H2 boiler for 
industry uses

Full industrial 
usage via 

centralized 
pipelines

H2 produceD 
locally from 

various sources

Hydrogen fuel 
cell vehicles 

widely adopted

Supplying heat 
& electricity

Hydrogen 
bomb

Hydrogen for; normal 
fusion, cold fusion (huge 

energy)
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Programs/ Projects

Area/ Current Short Term (2015-2019) Medium (2020-2029) Long (2030-2050)

Government Support

Research

Strategic Alliance

Advertisements/ 
Promotions
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Government financial incentive for Malaysia 
based Hydrogen logistic provider 

Port & Terminal 
Authorities

UTM-OTEC Center Industrial Joint Research Port & Terminal Establishment

Hydrogen Producer /OTEC Logistics Service Provider Shipbroker/ship agent

Hydrogen Logistics Roadshow Industries Health Safety and 
Environment talk

Potential Customer & 
Target Market 

Clarksons- publication on Gas 
Vessel market forecast

GasLog- Fleet solution

Provide fleet /Market 
info

Contract Negotiation

Identifying potential 
ship owner

Merchant Production 

Captive Production 
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Japanese Government Energy Policy- Strategic Road 
Map for Hydrogen & Fuel Cell
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UTM Ocean Thermal Energy Centre
Universiti Teknologi Malaysia Kuala Lumpur,

Jalan Sultan Yahya Petra,
54100 Kuala Lumpur, MALAYSIA

+603 2615 4354 / 4883
utmotec@utm.my

Website: http://otec.utm.my
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Key Milestones and Achievements

5 December 2017 A. Bakar Jaafar @Gas Malaysia 65

1981 2007 20172012 201620152013

The UTM Ocean Thermal Energy 
Centre established at Universiti 
Teknologi Malaysia.

Malaysia Prime Minister approved the 
application of the Ocean Thermal 
Energy Corporation to
conduct a study to generate electricity 
from the deep sea in Sabah

Marine survey done at the 
South China Sea in 2008, has 
confirmed that Malaysia has a 
great potential to exploit 
OTEC technology

Universiti Teknologi Malaysia (UTM) 
hosted the 3rd International OTEC 
UTM KL, 1-2 September 2015

The UTM Ocean Thermal Energy 
Centre joined the 4th International 
OTEC symposium demonstrates OTEC 
technology readiness and accelerated 
industry growth

Completion of UTM-DCNS / Naval 
Energies Pre-FS of OTEC Project at 
Pulau Layang-Layang under the MOF 
TDA-MoDefence Offset Programme

Prior study on OTEC potential in 
Malaysia by Prof. Dato Ir Dr. A 
Bakar Jaafar

1976

Marine survey done at the 
South China Sea in 2008, has 
confirmed that Malaysia has a 
great potential to exploit 
OTEC technology

Master Thesis on 
applicability of solar 
energy technology

http://www.facebook.com/photo.php?pid=30655002&id=1057764477


Partners
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