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GLOBAL  SOURCES OF ENERGY,  RENEWABLE & NON-RENEWABLE,  IN PERSPECTIVE 
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    1881: Jacques-Arsène D’Arsonval (French 
physicist) proposed the concept of OTEC 
using ammonia as a working fluid to drive a 
turbine-generator (the closed-cycle OTEC 
system).  The concept was considered 
economically non-viable at the time. 

Jacques-Arsène D’Arsonaval, 1851 – 1940   
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“The SIFU” 
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An-Nur 24:40 

Deep Sea 

Darkness 

Wave 

Current 

Cloud 

Dark Portion 

Lit Portion 

If one not given any light  

… there shall be no light for one 
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Clouds 

Rain 

HYDRO 

WAVE 

CURRENT 

OCEAN THERMAL 

Al-Quran_Surah 24 Verse 40: A visual interpretation 
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. 

 Zakir Naik (2007). The Qur’an and the Modern 
Science: Compatible or Incompatible? Riyadh: 

Darussalam p.39 

OCEAN THERMAL ENERGY:  A  PRIMARY SOURCE 
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3. OTEC Legal Definition: 
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Gas 

Liquid 

27-29ºC 

4-7ºC 
Al-Quran 24:40 (610-632) 

Rankine (1851) 

D’Arsonval (1881) 

Claude (1930) 

10ºC 
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Off Sabah: 

Profile 
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4. BENEFITS  TO  THE COUNTRY 
 
 

• SECURITY [ENERGY, WATER, FOOD, CYBER], 

• BIODIVERSITY, CLIMATE CHANGE,  THE ENVIRONMENT ETC 

• MEDICAL & HEALTH CARE 

• TRANSPORTATION & URBANISATION 

• COMMODITIES 
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Enablers Issues 

IMPACTFUL FOCUS AREAS 

MEDICAL & HEALTHCARE 

FOOD SECURITY 

ENERGY SECURITY 

ENVIRONMENT & CLIMATE CHANGE 

CYBER SECURITY 

PLANTATION CROPS & COMMODITIES 

TRANSPORT & URBANISATION 

WATER SECURITY 
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OCEAN THERMAL ENERGY CONVERSION 

Potable Water 

Re-use of DSW Fresh Water 

Offshore 
Power Supply 

District Cooling 

Fishery, 
Aquaculture 

Ocean Mineral 
Water 

Cosmetics and 
Pharmaceuticals  

Lithium Extraction 

Temperate 
Agriculture 

Warm Surface Water 
(WSW) 

Cold Deep Sea Water (DSW) 

DSW WSW 

D e s a l i n a t I o n 

Hydrogen 

Electricity 

Refrigeration 
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OTEC-H2 

Mineral H20 

Health & 

Cosmetics 

High Value  

Produce 

Temperate 

Produce 

“Import  

Substitutions” 

Lithium 

Production 
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OTEC SPIN-OFF INDUSTRIES 
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5. Global OTEC Potential & Development: From OPEC to OTEC 

Re Union 

Kumejima 

Hawaii Curacao 

Martinique 

Bahamas 

Reignwood Hainan 

OTEC  

OPEC 
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Sabah 

Sarawak 



6. THE ECONOMICS OF OTEC vis-à-vis OIL 
 

Investment in OTEC will save more money  

than that of oil-fired power plant, by 5 times over 
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CAPITAL & OPERATING COSTS OVER  
PROJECT LIFE CYCLE OF 100MW OIL-FIRED POWER PLANT  

@USD 5 MILLION/MW 

Capital Cost

Fuel Cost

O&M Cost
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CAPITAL & OPERATING COSTS OVER  
PROJECT LIFE CYCLE OF 100MW OTEC POWER PLANT  

@USD 14 million/MW 

Capital Cost

O&M Cost
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COMPARATIVE CAPITAL & OPERATING COSTS OVER PROJECT LIFE CYCLE  

OIL-FIRED POWER OTEC-POWER 

USD 7.5 billion USD 1.5 billion  

Total costs (USD) over 21 years of operation 
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100MW OIL-FIRED POWER PLANT 

Capital Cost
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100MW OTEC POWER PLANT 

Capital Cost

O&M Cost
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Assumptions:  

Oil-Fired Power Plant 

• O&M Cost relatively stable, at 12% of capital cost, 

based on feasibility study report 

• Capital cost: USD 5 million/MW 

• Fuel cost (price of crude oil) increases 6.5% annually, 

based on geometric mean of past 67 years.  

• All crude oil is used to generate electricity, instead of 

various mixes/ uses.  

Assumptions:  

OTEC Power Plant 

 

•Cost of O&M is about 3% of capital cost 

•Capital cost: USD 14 million/MW 



Capital Costs 

• These estimates are applicable for 
equipment purchased in Europe, 
Japan, or the United States and 
with installation by United States 
firms.  

• Deployment and installation costs 
are included.  

• Based on the implementation of 
similar technologies, later-
generation designs could reach 
cost reductions of as much as 30%.  

 CC ($/kW) = 53,000 x MW-0.42 
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Levelized Cost 

• The annual costs for operation and 
maintenance, are estimated at $40 
million.  

• Electricity could be produced at a 
levelized cost of less than 
$0.17/kWh. 

• If the plant could be funded via a 
concessionary loan with a rate of 
2.5% over 20 years, the levelized 
cost of electricity would be 
$0.12/kWh. 

•  Power purchase agreement from 
the national utility at around 
$0.20/kWh would provide an  

    ample return on investment. 

 
1 June 2016 A. Bakar Jaafar @2nd National Workshop on Ocean Energy 23 



50MW Capital Cost Estimate 
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50 MW Production rates of OTEC 

100 MW ~ 828,830 MW h/year Electricity 
100 MW~ 236,868 m3/day Water 
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7. OTEC Potential Malaysia & in Brunei DS 

Total Area of Brunei DS =7,324.98 sq km (>700 m) 

BRUNEI 

Labuan 

29,850 sq km 

76,060 sq km 

25,210 sq km 

Total OTEC Potential in Brunei = 5,860 MW 
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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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Sunda Shelf 

Malaysian Marine Survey of South China Sea (MyMRS) 2006-2008 
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Pulau Layang-Layang 

Pulau Banggi 
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2900 m 4101 m 

700 m 

Sabah 

Sarawak 

Kuala Baram 

BRUNEI DS 
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29,850 sq km 

76,060 sq km 

25,210 sq km 

For Illustrative Purposes 

Kota Kinabalu 

Kuala Baram 
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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 

30 

P.Banggi 
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Baseline 50 MW- Closed OTEC System 
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Baseline 50 MW- Open OTEC System 
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8. AN OVERVIEW OF OCEAN ENERGY BY TYPE 



9. THE WAY FORWARD FOR OCEAN ENERGY DEVELOPMENT IN THE TROPICS: 
ORDER OF PRIORITY 

1. Ocean Thermal Energy Conversion (OTEC) 

2. Tidal & Ocean Currents 

3. Offshore Wind 

4. Salinity Gradient, OTEC SpinOff 

5. Marine Algae, OTEC SpinOff 

6. Wave 
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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 



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

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

Malaysia: Projected Electricity Generation by Energy Source (GWh) 2012-2050 
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Source: ASM Task Force on Carbon Free Energy (2015) 

1 June 2016 A. Bakar Jaafar @2nd National Workshop on Ocean Energy 



 

 

 

OTEC 

 

SOLAR 

WAVE 

TIDAL 

WIND 

 

 

TIDAL 

SOLAR 

OTEC 

WAVE 

WIND 

 

 

 

WAVE 

WIND 

 

SOLAR 

TIDAL 

OTEC 

LOW MEDIUM HIGH 

Region 

Temperate  

Sub-Tropic  

Tropic  

1 June 2016 
A. Bakar Jaafar @2nd National Workshop on Ocean 

Energy 
37 



OTEC Potential  
in the Tropics & 
Subtropics 

Source: www.lockheedmartin.com/us/products/otec.html 
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Wave Power 

Potential in  

Temperate 

Regions 



FORMS OF ENERGY  & CLASSIFICATION 

       
SUSTAINABLE 

CLEAN 
GREEN 

RENEWABLE 

Solar Thermal, Wind, Hydro, Wave,  

        Current, OTEC,Tidal  
Biomass, 

Biogas 
Geothermal 

Solar PV 

Nuclear 

39 1 June 2016 A. Bakar Jaafar @2nd National Workshop on Ocean Energy 



COMPARATIVE COSTS & INVESTMENT BY TYPE OF OCEAN ENERGY 

WAVE 

TIDAL CURRENT  
               OCEANIC CURRENT 
                    OFFSHORE WIND 

SALINITY GRADIENT 
 
 
OTEC 
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Ocean Energy Production Cost & Generation Capacity over Capital Investment   
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Ocean Energy 

Input  Output 
Cost of Ocean 

Energy 
(USD/KWh) 

 

Generation 
Capacity (MW) 

Capital Investment 
(Million USD) 

MW/Million USD 

Wave Energy 10 62.75 0.16 
 

0.561 

Tidal Energy 254 298 0.85 
 

0.28 

Offshore wind 10 40 0.25 
 

0.165 

OTEC 53 451 0.12 
 

0.13 

Salinity gradient 200 600 0.33 
 

0.09 

kWh = kilowatt-hour, MW =megawatt 
Source: Asian Development Bank Report & IRENA Technology Brief 
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3W Micro-OTEC @UTM OTEC Block Q Commissioned on 22 May 2015 
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