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PREAMBLE

To me, at least, there are three things, 

the origins of which are unknown, 

except to Allah,The Al-Mighty:

1.Our own soul;

2.Energy; 

3.W…n.
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2. ENERGY

“It can not be created, nor destroyed …”; 

but it could be transformed,

from one form to another.”
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3. ENERGY FORMS

3.1 Light

3.2 Heat

3.3 Mechanical: Kinetic & Potential 

3.4 Electric

3.5 Chemical

3.6 Sound
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… 3.7 Nuclear

As said by Albert Einstein, 

“mass (M)” and “energy (E)” are equivalent:

E=Mc²;

c=speed of light=299 792 458 m/s

https://www.google.com/search?q=types+o

f+nuclear+reactions+ppt&sa=X&ved=0ahU

KEwja8LH0qubbAhWDV30KHSi_ADgQ1Q

II-gEoBg&biw=1280&bih=615



27-28 August 2018 Jakarta
A Bakar Jaafar  UTM OTEC@Marine 

Renewable Energy Summit 2018
7

… 3.8 Photosynthesis: 

Conversion of Light Energy [from the Sun]

to Biomass



ENERGY BY DEFINITION

“The capacity of a physical system to perform 
work. Energy exists in several forms: light, heat, 
mechanical (kinetic and potential), electrical, 
chemical etc.

By the law of the conservation of energy, the 
total energy of a system remains constant, 
though energy may transform from one form to 
another.”
[Ref: www.physics.about.com/od/glossary/g/energy.htm]
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4. ENERGY CARRIERS

“Energy carriers include electricity and heat as 

well as solid, liquid and gaseous fuels. 

They occupy intermediate steps in the energy-

supply chain between primary sources and 

end-use applications. 

An energy carrier is thus a transmitter of 

energy.”

Ref: https://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch4s4-3-4.html
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https://www.ipcc.ch/publications_and_data/ar4/wg3/en/figure-4-17.html



Source\Carrier electricity H2 Heat Cooling Liquid/Solid

fuel

Biogas Alcohol Gas

LPG

CNG

Oil Coal Biomass (kayu api)

RE

Solar PV  

Solar Thermal 

Solar chilled 

OTEC   

Wave  

Wind  

Tidal  

Biomass

Terrestrial

Marine

      

Hydro  

Nuclear    

Geothermal    

NRE

Oil  

Gas 

Coal 

Shelloil  

Hydrate  

Malaysia : Energy by Source and Energy 
carrier by form matrix, year 
[2015][2020][2030][...][2050]

Ref: UTM Ocean Thermal Energy Centre: ASEAN Energy Market Study, 2014
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5. ENERGY SOURCES

PRIMARY

1. SOLAR

2. GRAVITATIONAL

3. GEOTHERMAL

4. SALINITY GRADIENT

5. FOSSIL FUELS

6. NUCLEAR 
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5.1 SOLAR ENERGY
1. Biological: BIOMASS

2. Heat: SOLAR THERMAL

3. Heat: OCEAN THERMAL

4. Kinetic: WINDS

5. Kinetic: WAVE

6. Kinetic: OCEAN CURRENT

7. Light: SOLAR PHOTO VOLTAIC (PV)

8. Potential: HYDRO

27-28 August 2018 Jakarta
A Bakar Jaafar  UTM OTEC@Marine 

Renewable Energy Summit 2018
14



5.2 GRAVITATIONAL ENERGY

• TIDAL 
MOVEMENTS

• TIDAL 
CURRENTS
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EARTH-MOON

EARTH

Moon

THE

SUN



5.3 GEOTHERMAL
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Ref: https://helpsavenature.com/geothermal-energy-disadvantages



5.4 SALINITY GRADIENT
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Reverse Electrodialysis (RED), Pressure Retarded Osmosis 
(PRO)
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THE FUTURE 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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5.5 FOSSIL FUELS

1. Coal

2. Oil and Gas

3. Oil Sands

4. Methane Hydrate
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Methane 
Hydrate



5.6 NUCLEAR

• https://www.shutterstock.com/image-vector/how-nuclear-fusion-works-illustration-background-702385369
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Fusion

https://www.google.com/search?q=nuclear+fusion&source=lnms&tbm=isch&s

a=X&ved=0ahUKEwif64j77-

bbAhVbWX0KHXzjDHsQ_AUICigB&biw=1050&bih=529#imgrc=gJRRamHWc

mXDTM:



GLOBAL SOURCES OF ENERGY: 
PRIMARY & SECONDARY,
RENEWABLE & NON-RENEWABLE, IN PERSPECTIVE
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Hydrate



http://www.slideshare.net/gwsolar/richard-
perez. Accessed by bakar.jaafar@gmail.com

Q10. Figure 1 

does mix RE 

type from that 

of non-RE.

Please 

improve this 

Figure .
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6. OCEAN THERMAL ENERGY CONVERSION (OTEC) 
IN PERSPECTIVE
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Source: ASM S&T Foresight Malaysia 2050 

Report, 2017

21 Impactful Emerging Technologies to Elevate Malaysia’s 
Well-Being, Wealth Creation and Governance for 

Sustainability
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Al-Quran 24:40 (610-632)

Rankine (1851)

D’Arsonval (1881)

Claude (1930)



OCEAN THERMAL ENERGY: 
THE SOURCE OF KNOWLEDGE

Darkness in the Depths of the Ocean

“… the depths of darkness in a vast deep ocean 
overhelmed by waves, topped by dark clouds, [layers 

of] darkness upon darkness …” 

The meaning of Al-Qur’an 24:40. 
Zakri Naik (2007). The Qur’an and the Modern Science: Compatible or Incompatible? Riyadh: Darussalam.  p. 

38.
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“… or like darkness on a bottomless ocean spread with 
clashing billows and overcast with clouds: darkness upon 

darkness. If he streches out his hand he can scarcely see it. 
Indeed the man from whom God witholds His light shall find 

no light at all.

The meaning of Al-Qur’an 24:40. 

Ref: Dawood, N.J. (2006). The Koran. Penguin Classics. England.  p. 249
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Darkness in the Depths of the Ocean (Cont’d)
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Zakri Naik (2007). The Qur’an and the Modern Science: 

Compatible or Incompatible? Riyadh: Darussalam p.39

Darkness in the Depths of the Ocean (Cont’d)
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SUN

Atmosphere

WIND

Clouds

Rain

HYDRO

WAVE

CURRENT

OCEAN THERMAL

Al-Quran_Surah 24 Verse 40: A visual interpretation
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OTEC Legal Definition:
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OCEAN THERMAL ENERGY CONVERSION 

(OTEC)



World-wide Ocean Thermal Energy-driven 

Development for Water, Foods, & H2Fuel
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Source: 
www.lockheedmartin.com/us/products/otec.html

Courtesy of OTEC 

Foundation
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ECONIMICS OF OTEC vis-à-vis  OTHER TYPES OF OCEAN ENERGY



Ocean Energy Input Capacity factor Output
Cost of Ocean

Energy 
(USD/KWh)

Generation 
Capacity (MW)

Capacity 
Investment 

(Million USD)

MW/Million
USD

Wave Energy 10 63 0.16 30% 0.56

Tidal Energy 254 298 0.85 20% 0.28

Offshore wind 10 40 0.25 42% 0.17

OTEC 53 451 0.12 95% 0.13

Salinity gradient 200 600 0.33 80% 0.09

kWh: Kilowatt-hour, MW: Megawatt

[Data Source: IRENA (2014), ADB Report (2015)]
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… AN OVERVIEW OF OCEAN ENERGY AND SOLAR PV

3. COMPARATIVE ANALYSIS OF VARIOUS FORMS OF RE
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kWh: Kilowatt-hour, MW: Megawatt
[Data Source: IRENA (2012, 2014), ADB Report (2015)]

https://www.adb.org/sites/default/files/publication/42517/wave-energy-conversion-ocean-thermal-energy.pdf
http://www.irena.org/documentdownloads/publications/wave-energy_v4_web.pdf

http://www.irena.org/DocumentDownloads/Publications/Tidal_Energy_V4_WEB.pdf

http://www.irena.org/DocumentDownloads/Publications/Salinity_Energy_v4_WEB.pdf

http://www.irena.org/-/media/Files/IRENA/Agency/Publication/2016/IRENA-

ETSAP_Tech_Brief_Wind_Power_E07.ashx

www.irena.org/documentdownloads/publications/irena_rethinking_energy_2017.pdf

Ocean 
Energy 

and Solar 
PV 

Input Capacity 
factor 

Output

Generation 
Capacity (MW) 

(MWh)year Capacity Investment (Million 
USD) 

MW/Millio
n USD 

MWh/Million 
USD 

Cost of 
Ocean 
Energy 

(USD/KWh) 

Cost of 
Ocean 
Energy 

USD/MW
h

Wave 
Energy 

10 24,000 63 0.16 380 30% 0.56
560

Tidal 
Energy 

254 406,400 298 0.85 1363 20% 0.28
280

Offshore 
wind 

10 33,600 40 0.25 840 42% 0.17
170

OTEC 53 402,800 451 0.12 893 95% 0.13 130
Salinity 
gradient 

200 1,280,000 600 0.33 2133 80% 0.09

90
Solar PV 10 16,000 38 0.26 421 20% 0.25 250

https://www.adb.org/sites/default/files/publication/42517/wave-energy-conversion-ocean-thermal-energy.pdf
http://www.irena.org/documentdownloads/publications/wave-energy_v4_web.pdf
http://www.irena.org/DocumentDownloads/Publications/Tidal_Energy_V4_WEB.pdf
http://www.irena.org/DocumentDownloads/Publications/Salinity_Energy_v4_WEB.pdf
http://www.irena.org/-/media/Files/IRENA/Agency/Publication/2016/IRENA-ETSAP_Tech_Brief_Wind_Power_E07.ashx
http://www.irena.org/documentdownloads/publications/irena_rethinking_energy_2017.pdf


OTEC-H2

Mineral H20

Health &

Cosmetics

High Value 

Produce

Temperate

Produce

“Import 

Substitutions”

Lithium

Production

Smart-Grid

With
All 
Renewables

Ms Earth Japan, 2012

Capture-Fisheries

24 May 2018 @Shah Alam
ProfDatoIrDrA-BakarJaafarFASc 

Presentation to LKA Group
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[Stand-alone Power 

Systems]

OTEC Revenue Streams, other than that of Power



Q01.  How many sources of primary energy are there? 

Q02. What are they? List them down.

Q03. Which ones of them are renewable? 

Q04. Which ones are not?

Q05. At sea, what are  the two different types of 

currents? 

Q06. Which one is primary source?, & another is not !?
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7. Q & A
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Q07. What would be your 

comments on the classification

of various forms of ocean energy?

Q08. How many sources of 

primary energy  that you could 

argue from this classification?

Q09. Which ones are the 

[respective] secondary  forms of 

energy?



OTEC: 
High 

Potential  
in the 

Tropics & 
Subtropics

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

Wind & 

Wave 

Power:  

High 

Potential in  

Temperate 

Regions
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UTM Ocean Thermal Energy Centre Key Milestones
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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
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UTM Ocean Thermal Energy Centre

Universiti Teknologi Malaysia Kuala Lumpur,

Jalan Sultan Yahya Petra,

54100 Kuala Lumpur, MALAYSIA

+603 2615 4518/4354 / 4883

utmotec@utm.my

http://otec.utm.my
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