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INTRODUCTION  
 

 
By the end of the 21st Century, hydrogen fuel will become the most 
dominant energy carrier. The main source of energy for the generation of 
hydrogen will be from all forms of renewables: ocean energy [ocean thermal 
energy, salinity gradient, offshore wind, tidal movements, wave, oceanic 
current], terrestrial and marine biomass, geothermal, solar thermal, solar PV, 
and hydro. A study undertaken by ASM Task Force on Carbon Free Energy 
projects that by 2050, over 55 % of electrical power generation will be from 
these renewables, and the rest, by fossil fuels including nuclear. It is 
envisaged that the demand for power in remote places will be best met by 
distributed power generated systems with renewables, and eventually, by 
“ngap-ngap” theory, these distributed power systems will be the main 
suppliers of electrical power, while the national grid will complement the 
rest of power-requirements.  
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Which type of energy do you think will dominate the world's 
needs/industry in 10 years? 

 

Hydrogen Fuel Cell - ( 196 votes )  

Hybrid Systems - Combo using: hydrogen, solar, geothermal &/or wind - ( 
173 votes ) 

Solar - ( 143 votes ) 

Wind - ( 113 votes ) 

Coal and nothing will change - ( 66 votes ) 

Natural Gas using fracking extraction - ( 61 votes ) 

Nuclear - ( 57 votes )  

Geothermal - ( 20 votes ) 

Total Answers 847 

Total Votes 847 
 http://www.hydrogenfuelnews.com/report-predicts-market-growth-hydrogen-fuel-cell-industry/8519698/. Accessed by 

bakar.jaafar@gmail.com on 3 October 2014 
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Ref: IbrahimDincer (2008) 

HYDROGEN 

OIL 
COAL 

NG 

HYDROGEN: THE MOST DOMINANT ENERGY CARRIER IN 21ST CENTURY 

Note: Chilled Water 
Liquid N2, Liquid CO2 
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2012 2015 2020 2025 2030 2035 2040 2045 2050

OTEC 0 0 134 2,848 7,884 15,768 27,594 47,304 59,129

Fuel Cell 0 0 16 354 1,665 4,054 11,603 27,782 53,194

Bioenergy 809 1,455 1,567 4,088 7,553 12,535 14,832 17,823 21,049

Wind Energy 0 0 547 1,095 2,601 5,913 10,052 14,520 18,922

Solar PV 7 437 790 1,579 2,631 3,999 6,314 9,502 11,913

Nuclear 0 0 0 0 12,264 12,264 12,264 12,264 11,650

Wave/ Tidal/ Current 0 0 219 548 751 3,548 5,868 7,603 9,662

Hydropower 9,056 9,084 9,531 9,531 9,531 9,531 9,531 9,531 9,531

Geothermal 0 0 216 382 531 1,264 2,122 3,174 4,318

Fossil Fuel 124,596 134,571 151,656 165,891 165,388 169,623 169,661 155,798 146,047

Total 134,468 145,547 164,675 186,316 210,800 238,500 269,841 305,300 345,417
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2.  Electricity Generation by Energy Source , GWh (2016-2050) 
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Source: 
ASM TF CFE 
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2012 2015 2020 2025 2030 2035 2040 2045 2050

OTEC 0.0 0.0 0.1 1.5 3.7 6.6 10.2 15.5 17.1

Fuel Cell 0.0 0.0 0.0 0.2 0.8 1.7 4.3 9.1 15.4

Bioenergy 0.6 1.0 1.0 2.2 3.6 5.3 5.5 5.8 6.1

Wind Energy 0.0 0.0 0.3 0.6 1.2 2.5 3.7 4.8 5.5

Solar PV 0.0 0.3 0.5 0.8 1.2 1.7 2.3 3.1 3.4

Nuclear 0.0 0.0 0.0 0.0 5.8 5.1 4.5 4.0 3.4

Wave/ Tidal/ Current 0.0 0.0 0.1 0.3 0.4 1.5 2.2 2.5 2.8

Hydropower 6.7 6.2 5.8 5.1 4.5 4.0 3.5 3.1 2.8

Geothermal 0.0 0.0 0.1 0.2 0.3 0.5 0.8 1.0 1.3

Fossil Fuel 92.7 92.5 92.1 89.0 78.5 71.1 62.9 51.0 42.3

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
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Source: 
ASM TF CFE 
(2015) 
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Future Target and Proposed Roadmap for OTEC in Malaysia 
2020-2050 [As at 24 April 2015][Revised after ASM CFE Workshop 
by Dato’ Ir Dr A Bakar Jaafar] 
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Year Capacity (MW) Growth Rate (%) Remark 

2020  20 - 2x10 MW public-private RMK-11 

2025 850 - For 7% reduction in carbon intensity 

2030 2500 
 

14 To match nuclear power 

2035 5000 14 To match nuclear power 

2040 10000 14 To meet H2 demand 

2045 20000 14 

2050 40000 14 
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H2 

Lockheed-Martin 
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OTEC Legal Definition: 
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12 

Gas 

Liquid 

27-29ºC 

4-7ºC 
Al-Quran 24:40  

(610-632) 

Rankine (1851) 

D’Arsonval (1881) 

Claude (1930) 

10ºC 
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3. BARRIERS 

• “RE, including OTEC, not viable …”, high initial capital requirement; 

• “OTEC in Malaysia, also not viable …”, the deep waters are very far 
(generally 60 km away from the nearest coastlines); 

• “Energy = Electricity,”  nothing else! 

• “Technology not yet to be developed at commercial scale …”; 

• “No laws governing OTEC development in Malaysia …”; and 

• “No agency or institution, championing OTEC in Malaysia …” 
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3.1 OVERCOMING BARRIERS:  
HIGH INITIAL CAPITAL REQUIREMENT 
 

• By introducing project-life 
costing; 

• By realising that “renewable”, 
“virtually free”; 

• By highlighting “cost-saving” over 
project life; 
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100 MW (20-year period) 

Note: Price of Oil : USD 100/barrel 
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OTEC 

Capital Cost

O&M Cost

100 MW Plant 

OIL Total Cost: USD 7.7 billion OTEC Total Cost: USD 1.5 billion 

WITH OTEC, TO SAVE OVER USD 5 billion/ 100 MW 

Years 

Years 
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… 3.2 OVERCOMING BARRIERS:  
OTEC in Malaysia, also not viable …”, the deep waters are 
very far (generally 60 km away from the nearest coastlines) 

• There are potential users of OTEC 
power in the deep waters of 
Malaysia, because there exists 
deep water oil & gas production; 
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Deepwater Production Off Sabah  
& Promising OTEC Project Sites 
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Samarang 
10m 

St Joseph 
12m 

Kinarut 
162m 

Sumandak 
52m 

Kinabalu 
55m 

KNNAG 
55m 

Erb West 
62m 

Tembungo 
71m 

SM Kechil 
55m 

Water Depth 

KLCC 
Height 452m 

Water Depth 

>1300m 

Kikeh 
1300m 

*Zuhal East 
35m 

*Malikai 
565m 

*Gumusut Kakap 
1220m 

**Limbayong 
1200m 

**Ubah 
1448m 

**Siakap 
North Petai 

1490m **Rotan 
1500m 

*Kebabangan 
142m 

**Kamunsu East 
750m 

Note: 
*Project in progress 
**Under study/consideration 

Operator 

Floating Production, Storage & 
Offloading (FPSO) 

Jacket Platform 

Legend: 

Subsea Wellhead Tension Leg Platform 

PETRONAS Floating Liquefied 
Natural Gas 2 (PFLNG2)  

Truss Spar Platform 

Ref: Mohamed Firouz Asnan, 10 December 2013 
Kota Kinabalu, Sabah 
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… 3.3 OVERCOMING BARRIERS: 
ENERGY=ELECTRICITY, NOTHING ELSE 
 

• If there is no immediate take-up of the generated electricity, it would 
be used, by electrolysis, to generate hydrogen fuel; 

• Why H2 fuel? 
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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_vehicl

e_first_drive/#ixzz2nIDzPXoS 
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Hyundai Tucson Fuel Cell debuts at 2013 Los Angeles Auto 
Show:  
Lease-Only Crossover Comes With Free Fuel, Maintenance 

• $499/month for 36 months lease payment ($3000 down) 
 

• Refueled in 10 minutes (free refills  & maintenance) 

• Full tank=  250 miles (400km) 

• The electric motor produces 134 hp and 221 lb-ft 

• Speed 0-62-mph time at 12.5 seconds 

• The hydrogen gets stored in two 10,000-psi tanks, a large one under the cargo floor and one under the rear seat. 

• The tanks hold 5.64 kg of H2 (that’s the equivalent of about 6.7 gallons of gasoline) 
250 miles, (400km) averaging 37 mpg-e, but with Hyundai’s lease deal, it’s getting infinite miles per dollar 

http://www.motortrend.com/auto_shows/1311_hyundai_tucson_fuel_cell_vehicle_debuts_in_los_angeles/ 
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THE ECONOMICS OF Hydrogen Fuel Cell Vehicles(HFCV) 
-vis-a-vis Internal Combustion Engine (ICE) for TRANSPORT 

• 1 kg of H2 => 1 gallon of gasoline equivalent 

• HCFV: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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ICE Cars much less energy-efficient than Hydrogen Fuel Cell Vehicles 



… 3.4 OVERCOMING BARRIERS: OTEC TECHNOLOGY 
NOT YET DEVELOPED @COMMERCIAL SCALE 

• Not quite true; 

• Offshore 10 MWe net  is to be 
commissioned by 2018  

[Refer presentation by Mr Thierry 
Bouchet of DCNS] 
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The First Commercial-Size 16MW offshore OTEC Plant off Martinique  
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… 3.5 OVERCOMING BARRIERS: NO LAWS 
GOVERNING OTEC DEVELOPMENT IN MALAYSIA  

There exists: 

1. Territorial Sea Act of 2012; or  

2. Exclusive Economic Zone Act of 1984. 

[Refer presentation by Datin Sharina Shaukat of MIMA & Mohd Haris 
Rani of UTM OTEC] 
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UTM Ocean Thermal Energy Centre [U-OTEC],  
Block  Q  Ground Floor, UTM Jalan  Sultan Yahya Petra , 54100 Kuala Lumpur, Malaysia  

E-mail: bakar.jaafar@gmail.com  Mobile: +60 12 320 7201 

KNOWLEDGE & THE SOURCE OF KNOWLEDGE  
(Al-Quran 24:40; 18:109; 31:27) 

Our Vision:  
From Three Columns of Knowledge to  
Three Towers of Prosperity  
for Sustainable Future 

OCEAN OF DISCOVERY 

…… 3.6 OVERCOMING BARRIERS:  
“NO AGENCY & INSTITUTION, CHAMPIONING THE CAUSE …”  

On  
3 January 
2013,  
University of 
Technology 
Malaysia 
established 
Its 
Ocean 
Thermal 
Energy  
Centre 
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Tel: +603 2615 4684 Fax: +603 2615 4283 www.utmotec.wordspress.com

University of Technology Malaysia, Jalan Semarak, 54100 Kuala Lumpur, Malaysia

Mobile: +6012 3207201 D’ABJ

www.utm.my
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@UTM OTEC: The Preferred Path, with Existing Knowledge of 
Technology, for Commercialisation=>Development=>Research  
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Before  
UTM OTEC 

(20) 

After 
(49) 
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4. EFFORTS IN POLICY ADVOCACY & INVESTMENT PROMOTION: POST & PRIOR 

TO ESTABLISHMENT OF UTM-OTEC  

[Since 3 January 2013] 
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Figure 2. Stakeholders’ Engagement by Type of Institution in Malaysia and Abroad, 2007-2014 

(45%)

(18%)

(10%)

(17%)

2007 - 2014

GOVERNMENT AGENCY/COMMITTEE (GA) My.COMPANY (My)

UNIVERSITY (UNI) INTERNATIONAL INSTITUTION (INT.)

ORG.

GOV.MY

COM.MY

EDU.MY
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4.1 OUTCOME: INVESTMENT PROMOTION 

OTEC has been promoted in Malaysia since 2007; 

But, since the establishment of UTM OTEC in January 2013, the number of 
activities has increased by 140% in the last two years over the first 6-year 
period of 2007-2012; and 

• As a result: the first four or 5 SPVs have been incorporated, namely,  

- Deep Sea Thermal Solutions Sdn Bhd [(90-X%)  PASDEC;  

    (X+10 in kind) % UTM Holdings Sdn Bhd];  

- UTM OTEC Sdn Bhd;  

- UTM OTEC Solutions Sdn Bhd;  

- Pro-Active MH Resources Sdn Bhd; and  

- [Sustainable  Ocean Thermal Energy Resources Sdn Bhd (SOUTHER)] 
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4.2 OUTCOME OF POLICY ADVOCACY  
• The subject of “ocean energy” has been incorporated in 11th Malaysia 

Plan (2016-2020): 
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“Ocean Energy”=> 
• Ocean thermal energy; 
• Offshore wind energy; 
• Tidal movements; 
• Oceanic current;  
• Wave energy; and 
• Salinity gradient 

 



… 4.2 OUTCOME OF POLICY ADVOCACY  

• An OTEC project can gain access up to RM 200 million of Facilitation 
Fund under the Public-Private Partnership Unit, Prime Minister’s 
Department; 

• A proposed OTEC project can be submitted to Malaysian Investment 
Development Authority (MIDA), under one-stop approval centre, and 
be eligible to a range of incentives, including Investment Tax 
Allowance, Exemption of Import Duties etc; 

• An OTEC project is eligible for a “green certificate” issued by Malaysia 
Green Technology Corporation (MGTC) for a 2% reduction in loan 
interest rate; and 

• OTEC, is the next choice, over nuclear energy  
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5.1 THE WAY FORWARD 

• The 1st Public-Funded OTEC 
Project off Pulau Layang-Layang 
under 11th Malaysia Plan (2016-
2020) 

• The 1st Private-Funded OTEC 
Project supplying power to deep 
water oil & gas production, the 
surplus of which to generate H2 
fuel 
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Pulau Layang-Layang 



11th MALAYSIA PLAN: OTEC-CITY  off 
PULAU LAYANG-L AYANG 
[Proposed to be commercialised, 

             With  
Water, 
Food, 
Energy +++ 
  

“ … to sustain human habitation or “ with “the 
economic life of their own.” [UNCLOS, 1982 
Article 121 (3)] 

with RM 350mOTEC Plant, Public Funded] 
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29,850 sq km 

76,060 sq km 

25,210 sq km 

Kota Kinabalu 

Kuala Baram 

Labuan 

Kuala Penyu 

P. Balambangan 

30 km 

Semporna 

20 km 

LL2H 

GK1E 

KB2E 

PB3E 

SP1H 

OTEC POTENTIAL IN MALAYSIA &THE FIRST FIVE OTEC POTENTIAL SITES 

Total Area=131,120 sq km (>700 m) 

Total OTEC Potential =105,000 MW 

By 2030,  installed capacity of OTEC development  

could reach 2500 MW, i.e. to match nuclear power 

P.Banggi 

SP1H 
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OTEC-H2 

Mineral H20 

Health & 

Cosmetics 

High Value  

Produce 

Temperate 

Produce 

“Import  

Substitutions” 

Lithium 

Production 

FURTHER INNOVATION WITH THE REST  

OF EMERGING TECHNOLOGIES: 

=>OTEC SPIN-OFF INDUSTRIES 

Smart-Grid 

With 
All  
Renewables 

Ms Earth Japan, 2012 

Capture-Fisheries 
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5.2 DISTRIBUTED POWER SYSTEMS WITH  

HYDROGEN FUEL-CELLS & OFF NATIONAL OR STATE-WIDE GRID 

OTEC-H2 
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Salt Water-Powered Lantern  
 





YET, TO ACCOUNT FOR THE POTENTIAL OF UTILIZING SALINITY 
GRADIENT (SG) 

• 380 cc of water containing 18 
grams of salt could generate 40 W 
of power to last for 8 hours; 

• Per MW of OTEC, 8500 cubic 
metres/hour of deep sea water 
would be put through condensers 

=> (8500/hr)(1000/0.38)40W x 8 hrs 
=> 6895 MW 
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SALINITY GRADIENT @WORK: 

40 Watt LED Lantern,  
not powered by 
battery nor by H2-FuelCell,  
but 
by salt water with Mg anode 

The huge amount of highly saline deep sea water 
 discharged through series of condensers of an 
OTEC plant could be bottled up to power up such lanterns. 

“There are about 1.1 billion of people throughout 
the world without access to electricity, not even to such 
a source of light, at least for reading & writing at night, for 
the sake of humanity and sustainability.” World Bank 

2 December 2015 SimeDarby Convention 
Centre KL 

A. Bakar Jaafar @IEM-IEC-Electrical Conference 42 

“But today 
more than 1 
billion people 
lack access to 
the most basic 
energy  
services.” 
Bill Gates 
30 Nov 2015 
[http://www.breakthr
oughenergycoalition.c
om/assets/resources/
Energy-Innovation-by-
Bill-Gates-Nov-30-
2015.pdf] 



6. Conclusions: “Energy, Just around Us” 
with Renewables! 

•Distributed Power Systems with Renewables 
would be the Future; & 

•The main Grid is only to complement?! 
=> “Ngap-Ngap” Theory is to work 
=>Less pressure on urban development with 
costly housing and expensive living 
conditions 
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Global OTEC Potential, Development & Transition:  
“From OPEC to OTEC …” [Clarence Zener (1973)] 

Re Union 

Kumejima 

Hawaii Curacao 

Martinique 

Bahamas 

Reignwood Hainan 

OTEC  

OPEC 

Sabah 

Sarawak 
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UTM Ocean Thermal Energy Centre [U-OTEC],  
Block  Q  Ground Floor, UTM Jalan  Sultan Yahya Petra , 54100 Kuala Lumpur, Malaysia  

E-mail: bakar.jaafar@gmail.com  Mobile: +60 12 320 7201 

Our Vision:  
From Three Columns of Knowledge to  
Three Towers of Prosperity  
for Sustainable Future GRACIAS 

MERCI 
SPASBO 

SYUKRAN 
THANK YOU 

XIE-XIE 

TERIMA KASIH 
3W Micro-OTEC @UTM OTEC Block Q Commissioned on 22 May 2015 
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