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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.

A Bakar Jaafar UTM OTEC@Marine
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2. ENERGY

“It can not be created, nor destroyed ...";
but it could be transformed,
from one form to another.”

A Bakar Jaafar UTM OTEC@Marine
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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

A Bakar Jaafar UTM OTEC@Marine
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... 3.7 Nuclear

As said by Albert Einstein,
“mass (M)” and “energy (E)” are equivalent:

E=Mc?;
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
KEwja8LHOqubbAhWDV30KHSi_ADgQ1Q
lI-gEoBg&biw=1280&bih=615
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. 3.8 Photosynthesis:
Conversion of Light Energy [from the Sun]
to Biomass

Copymght © The Wclrsw 41 C. Ire Per: cogured Vot repe o depay
Photosynthesis: 6co, + 120,0 > CH,,0, + 60,7 + 6H,0 Chlorophyll b
80
Chlorophyll a| | Chlorophyll a
- . |Carotenoids Phycocyanin

Phycoerythrin |Chlorophyll b

Relative absorption (percent)

Photons
Light L Stroma
9l o\/ 40
N\
Light ~
depo:d o Calvin ':::’g:"ndm 20
Lo cy:,, (ka reactions)
Thylakoid 12C, ||
membrane et gnp ,r‘ /
\"~it§\ NAopn /{/, Wavelength of light (nanometers)
Chiloroplast ATP from light
reactions drives
carbon fixing Glucose (food)

li
s @~ s S CeH120¢ + 6H,0
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2 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/qglossary/qg/energy.htm]

A Bakar Jaafar UTM OTEC@Marine
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~~~~~~~~~~~~~~~~~~~~~~~~~~ 4. ENERGY CARRIERS

—

“Energy carriers include electricity and heat as
well as solid, liguid 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

A Bakar Jaafar UTM OTEC@Marine
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- Accessibility
- Availability
- Acceptability

S— -

End-uses

Carriers electricity —
heat —

liquid fuels

@
o

ki

\
L=
1

' gasoline/diesel/kerosene

| ethanol, methanol

crude oil -1
natural gas oo
coal @ e
peat ® e
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hydro >
wind o}
solar radiation oo
nuclear @ o
Sources

industry, metallurgy/chemicals/pulp & paper

| *® o _ households, heat/lighting/appliances

traffic, car/heavy/public/rail/sea/air

N
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\
?
|
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> WOt

natural gas

hydrogen gasas

[}]‘ coal, peat, wood chips & pellets solid fuels

- Convenience, cost, and efficiency (Accessibility)
*  — Quality, reliability (Availability)
- Emissions (Acceptability)

Figure 4.17: Dynamic interplay between energy sources, energy carriers and energy end-uses.

https://www.ipcc.ch/publications_and_data/ar4/wg3/en/figure-4-17.html
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Malaysia : Energy by Source and Energy
carrier by form matrix, year
[2015][2020][2030][...][2050]

Source\Carrier electricity Cooling Liquid/Solid Biogas Coal Biomass (kayu api)
fuel
L) L]
L]

UNIVERSITI TEKNOLOGI MALAYSIA

Solar PV
Solar Thermal
Solar chilled
OTEC

Tidal

Biomass
Terrestrial
Marine

Hydro

Geothermal

Coal

Hydrate

Ref: UTM Ocean Thermal Energy Centre: ASEAN Energy Market Study, 2014
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@ UTMHYDROGEN: THE MOST DOMINANT ENERGY CARRIER IN 215T CENTURY

100
Ref: IbrahimDincer (2008)

80 -
B Hydrogen

I Electricity

] Natural Gas
H District Heat
B Alcohols

1 QOil products
m Biomass

m Coal

&80

Global Final Energy Share (%)

OIL

0
2000 2020 2040 2060 2080 2100

Faigure 1 Evolution of globLal mmarketr shares of dafferent fananl-
energy carriers for thhe period 1990-2100 LDased on thhe scenarno by
Basrteto et al. [4] The alcohols category ancludes methanol and
crthanol

inovatif e entrepreneurial e global
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/7~  5.ENERGY SOURCES

PRIMARY

1. SOLAR

2. GRAVITATIONAL

3. GEOTHERMAL

4. SALINITY GRADIENT
5. FOSSIL FUELS

6. NUCLEAR

A Bakar Jaafar UTM OTEC@Marine
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7~ 5.1 SOLAR ENERGY

. Biological: BIOMASS

. Heat: SOLAR THERMAL

. Heat: OCEAN THERMAL

. Kinetic: WINDS

. Kinetic: WAVE

. Kinetic: OCEAN CURRENT

. Light: SOLAR PHOTO VOLTAIC (PV)
. Potential: HYDRO

O Jd oo O & W N B
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7 5.2 GRAVITATIONAL ENERGY

e

EARTH
. TIDAL IS
MOVEMENTS
. TIDAL
CURRENTS

A Bakar Jaafar UTM OTEC@Marine
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5.3 GEOTHERMAL

Geothermal sources have many advantages over traditional sources of energy based on fossil fuels. Image
credit: http://www.greenpeace.org/

AN estimated 44 terawatts of enersy
continually flows from the Earth's
iNnterior iNto space.

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

A Bakar Jaafar UTM OTEC@Marine
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5.4 SALINITY GRADIENT

A Bakar Jaafar UTM OTEC@Marine
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Reverse Electrodialysis (RED), Pressure Retarded Osmosis
PRO

Pressure Retarded
Osmosis Power
Generation

»

AG... = Frictional Unutilized Extractable
mix Losses Energy Work

A Bakar Jaafar UTM OTEC@Marine

innovative e entrepreneurial e global www.utm.my



’ THE FUTURE YET, TO ACCOUNT FOR THE POTENTIAL OF UTILIZING

SALINITY GRADIENT (SG)

e 380 cc of water
containing 18 grams

of salt could generate o P AR
40 W of power to last ;- o FHE L
B S uaer
for 8 hours; 6 BE =N
* Per MW of OTEC, 8500 cubic Air Cathode ;

metres/hour of deep sea water would M o
0,*2e0H,o | Mo +2e
be put through condensers T
=> (8500/hr)(1000/0.38)40W x 8 hrs => Mg+ 0yt ”zO“Mg‘O”'zi
6895 MW

Electricity

A Bakar Jaafar UTM OTEC@Marine
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ey /
/7~  5.5FOSSIL FUELS

1. Coal

2. Oil and Gas

3. Oil Sands

4. Methane Hydrate

A Bakar Jaafar UTM OTEC@Marine
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Renewable Energy Summit 2018
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5.6 NUCLEAR

NUCLEAR FISSION VS. NUCLEAR FUSION Fusion

nuclear fission nuclear fusion : _ - ’_’._ \

- Q P Y S } S

/ uU-235 | deuterium
£
Q\ F

T * w

© 2006 Merriam=Webster, Inc

Helium

Top: Uranium-235 combines with a neutron to form an unstable intermediate, which
quickly splits into barium-144 and krypton-89 plus three neutrons in the process of
nuclear fission. Bottom: Deuterium and tritium combine by nuclear fusion to form
helium plus a neutron.

Deuterium

mﬂ / é Helium
—p ENERGY
Tritium \‘

“ J @ neutron

FUSION
WORKS

https://www.google.com/search?q=nuclear+fusion&source=Inms&tbm=isch&s
a=X&ved=0ahUKEwif64j77-
bbAhVbWXO0KHXzjDHsQ_AUICigB&biw=1050&bih=529#imgrc=gJRRamHWc

mXDTM.

. https://www.shutterstock.com/image-vector/how-nuclear-fusion-works-illustration-background-702385369
o o A Bakar Jaafar UTM OTEC@Marine
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OUIM GLOBAL SOURCES OF ENERGY:

ﬁ‘ PRIMARY & SECONDARY,

RENEWABLE & NON-RENEWABLE, IN PERSPECTIVE

Comparing the world’s energy resources*: : finte

. 2010 World Energy Use
Where should we invest

? e
For the long haul? ~¢‘_, g Natural Gas

Petroleum

Uranium

Salinity Gradient

. <~ cHa
— Hydrate

Yearly potential is shown for the renewabie resources. Total “use & lose " reserve is shown for the fine fossil and nuclear resources.
World energy use is annual

A Bakar Jaafar UTM OTEC@Marine
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renewable finite

Q10. Figure 1
A does mix RE

SOLAR" _ Awaal 0 type from that

of non-RE.
23,000 peryear @ Please
240

improve this
Figure .

Petroleum %8

2044 World dnzrgy uss

U3 TNy pzr yzur

>

U U H S Y . 1 a
UL B VY Uranium '@

@ Richard Perez, et al.

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

oA o A Bakar Jaafar UTM OTEC@Marine
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. OCEAN THERMAL ENERGY CONVERSION (OTEC)

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

Sustainability

Disruptive technologies
creating new business
models

Preventive healthcare

Reducing our
for a healthy nation

carbon footprint

Nanosensor loT
2015-2020
Enzyme technology,
Biomarkers for diseases
2015-2020
Biopharming: Crop-producing
pharmaceuticals

3D & 4D printing
2015-2020

Fuel cell
2021-2035
Big data analytics
2015-2020

Photovoltaic cell
2021-2035

2021-2035 . pgep learr_nng in Ocean Therrr_1al Energy
artificial intelligence Conversion (OTEC)
95 Regenerative brain parts 2021-2035 2021-2035 2034-2050
Emerging . 2015-2020 2015-2020 2015-2020
Technologies

Cyber security Cloud computing Integrated bio-refinery

2015-2020
Cognitive neurosciences
& neuroimaging

2015-2020
Virtual &
Augmented Reality

2015-2020
Wastewater
nutrient recovery

2036-2050 2015-2020

Precision agriculture

2021-2035
Nano-based

Brainwave technology learning materials

2021-2035
Molecular markers for

elite livestock & crops

Safeguarding
our well-being

Democratisation

Value adding our resources
of knowledge

and management efficiency

Source: ASM S&T Foresight Malaysia 2050
Report, 2017

A Bakar Jaafar UTM OTEC@Marine
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UTM  Blue Energy

OTEG

OCEAN THERMAL ENERGY CENTRE

Principle of OTEC

Temperature (deg C)
10 15 20 25

00 5 30
LN B S S BN N S B N S B B B S B S B B BN S B S B w,m&m'u
: at Surface
200 e
400
600
= :
= 800
o,
q) -
(o

Jamaica E
Fiji (Suva)
Palau (Melekeok)_
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OCEAN THERMAL ENERGY:
THE SOURCE OF KNOWLEDGE

Darkness in the Depths of the Ocean

e Fd ” >~ w Bor 2 S >~
DA 43 0% Fyn 4339 0 73 ‘L‘-iwedfd S JT%

A o 355 G B F35s 5T 05 55 pan B
sy £

% 25 AEGS

“... 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.
A Bakar Jaafar UTM OTEC@Marine Renewable Energy Summit
2018
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Darkness in the Depths of the Ocean (Cont’d)

Logns Ao ,4 /za/// 7 -1 e Al or Lo7 v 2 X 4
A Yo 3 o3y @ 55 ,J::j—/e@i'-‘ 15] s G g2 (W AL

s s LA

¢ z

“... 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

A Bakar Jaafar UTM OTEC@Marine Renewable Energy Summit
2018
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Darkness in the Depths of the Ocean (Cont’d)

Zakri Naik (2007). The Qur’an and the Modern Science:
Compatible or Incompatible? Riyadh: Darussalam p.39

A Bakar Jaafar UTM OTEC@Marine Renewable Energy Summit
2018
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Atmosphere

OCEAN THERMAL

Al-Quran_Surah 24 Verse 40: A visual interpretation

A Bakar Jaafar UTM OTEC@Marine
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OCEAN THERMAL ENERGY CONVERSION UIN % ey
oTEC) OTEE

OCEAN THERMAL ENERGY CENTRE

OTEC Legal Definition:

“OCEAN THERMAL ENERGY CONVERSION”

“... a method of converting part of the
heat from the Sun which is stored in
the surface layers of a body of water
into electrical energy or energy
product equivalent”;

[Pub. L. 96-310, Sec. 9, July 17, 1980, 94 Stat. 946.]

Ref:
http://uscode.house.gov/download/pls/42C98.txt

A Bakar Jaafar UTM OTEC@Marine
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World-wide Ocean Thermal Energy-driven

Development for Water, Foods, & H2Fuel

New Providence, Bahamas

10 MW plant i
Int. airport, Curagao

500 kW plant

St. Croix & St. Thomas, |

US Virgin lslunfa

8 MW plant! 5| %

15 MW plant " "La Martinique, France
10 MW plont

@ Operational

La Réunion, France
15 kW plant

@ Under construction

@ Planned
Blue ﬁnmg?.

O Proposed 8T E

CCEAN THERMAL ENERGY CENTRE

Port Blair, Gosung, Korea

Andaman and Nicobar Islands
20 MW plant

Kumejima Island
Okinawa, Japan
100 kW plant
1MW plant

20 kW plant

Big Island, Hawaii
105 kW plant
1MW plant

Sri Lanka \
10 MW plant J
Maldives
2 MW plant
Sabah, Malaysia  Cabangan, Philippines Tarawa lsland,
multi-MW plant 10 MW plant Kiribati
1MW plant
Courtesy of OTEC
Foundation

A Bakar Jaafar UTM OTEC@Marine
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ECONIMICS OF OTEC vis-a-vis OTHER TYPES OF OCEAN ENERGY

Ocean Energy Production Cost & Generation Capacity over Capital Investment
0-6 ----
0.4
0.2 -----
0 0.2 0.4 0.6 0.8 1.0

11une 2015 Generation Capacity over Capitaiinvestment &7 =ioreiwerseren (MW/USD Million)

Energy

(USD/kWh)

Generation Cost

40

o A Bakar Jaafar UTM OTEC@Marine
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Ocean Energy

Generation
Capacity (MW)
Wave Energy 10
Tidal Energy 254
Offshore wind 10
OTEC 53
Salinity gradient 200

Capacity MW/Million
Investment usD
(Million USD)
63 0.16
298 0.85
40 0.25
451 0.12
600 0.33

kwWh: Kilowatt-hour, MW: Megawatt
[Data Source: IRENA (2014), ADB Report (2015)]

A Bakar Jaafar UTM OTEC@Marine

Capacity factor Output
Cost of Ocean

Energy
(USD/KWh)
30% 0.56
20% 0.28
42% 0.17
95% 0.13
80% 0.09

innovative e entrepreneurial e global
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3. COMPARATIVE ANALYSIS OF VARIOUS FORMS OF RE
... AN OVERVIEW OF OCEAN ENERGY AND SOLAR PV

UsSD/MWh

sop | Wave @

400

300

Solar PV @ ®
Tidal Energy

Generation Cost

200

) @
Offshone wind * dTEC

100

<°
Salinjty Gradient

500 1000 1500 2000 3000

MwWh/Million USD
Generation Capacity over Investment

27-28 August 2018 Jakarta A BaKar Jaarar uUliviuleC@iviarine

Renewable Energy Summit 2018 36
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Ocean Capacity Qutput
factor

A A Generation | (MWh)year | Capacity Investment (Million | MW/Millio [MWh/Million Costof  Cost of
CUCRBIET capacity (MW) USD) nh USD usp B
PV Energy Energy
(USD/KWh) USD/MW
h
Wave 10 24,000 63 0.16 380 30% 0.56
Energy 560
Tidal 254 406,400 298 0.85 1363 20% 0.28
Energy 280
Offshore 10 33,600 40 0.25 840 42% 0.17
wind 170
OTEC 53 402,800 451 0.12 893 95% 0.13 130
Salinity 200 1,280,000 600 0.33 2133 80% 0.09
gradient 90
Solar PV 10 16,000 38 0.26 421 20% 0.25 250

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 Enerqgy 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 EQ7.ashx A Bakar Jaafar UTM OTEC@Marine
www.iténadryldociiméntdowhiodds/publications/irena_rethinking .ener 2017.@ f2018 37
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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

UNIVERSITI TEKNOLOGI MALAYSIA

OTEC Revenue Streams, other than that of Power

UTM Bl bnergy

OIE

Temperate
Produce

“Import
Substitutions”

High Value
Produce

@EEP SEA

Concentrate

‘Inspiration from Deep Sea Water'

Health &
Cosmetics

Lithium
Production

B | - T e
— R
- - sl e LS With
WFUELCELY. | & =/l e \.;
| Y 4

s | All
. 22 Renewables
[Stand-alone Power
Systems]

ProfDatolrDrA-BakarJaafarFASc
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®uTM 7.Q&A
42 .

QO01. How many sources of primary energy are there?
Q02. What are they? List them down.

QO03. Which ones of them are renewable?
QO04. Which ones are not?

QO05. At sea, what are the two different types of
currents?
QO06. Which one is primary source?, & another is not !?

A Bakar Jaafar UTM OTEC@Marine
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Forms of OE Resources & Corresponding Estimated
Global Annual Theoretical Resources

QO07. What would be your
comments on the classification
OCEAN of various forms of ocean energy?

ENERGY Q08. How many sources of
primary energy that you could
! | ! TL l argue from this classification?
Y. A ol == QO09. Which ones are the
0000TWh - B00+TWR - q0p00TWR  Z000TWR [respective] secondary forms of

energy?

IEA-OES

A Bakar Jaafar UTM OTEC@Marine

innovative e entrepreneurial e global www.utm.my



Wave
Power:
High
Potential in
Temperate
Regions

OTEC:
High
Potential
in the
Tropics &
Subtropics

A Bakar Jaafar UTM OTEC@Marine
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(‘UTM ] UTM Ocean Thermal Energy Centre Key Milestones

UTM

Marine survey done at

the South China Seain The UTM Ocean Thermal Energy
2008, has confirmed that OCEAN THERMAL ENERGY CENTRE Centre joined the 4th

Master Thesis on Malaysia has a great International OTEC symposium
applicability of solar pei=ne] o el OlES The UTM Ocean Thermal Energy demonstrates OTEC technology

energy technology fechnology Cenftre established at Universiti readiness and accelerated
Teknologi Malaysia. industry growth

Prior study on OTEC Universiti Teknologi Malaysia
potential in Malaysia by Malaysia Prime Minister approved (UTM) hosted the 3rd
Prof. Dato Ir Dr. A Bakar the application of the Ocean International OTEC UTM KL, 1-2
Jaafar Thermal Energy Corporation to September 2015

conduct a study to generate

electricity from the deep sea in

Nelelela]

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

US companies
ready to pump
more money

into Malaysia

A Bakar Jaafar UTM OTEC@Marine
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http://www.facebook.com/photo.php?pid=30655002&id=1057764477
http://www.facebook.com/photo.php?pid=30655002&id=1057764477
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UTM Ocean Thermal Energy Centre
Universiti Teknologi Malaysia Kuala Lumpur,
Jalan Sultan Yahya Petraq,

54100 Kuala Lumpur, MALAYSIA
303 2615 4518/4354 / 4883

utmotec@utm.my

€ http://otec.utm.my

UTM  Bloo bnergy

UNIVERSITI TEKNOLOGI MALAYSIA

OCEAN THERMAL ENERGY CENTRE

A Bakar Jaafar UTM OTEC@Marine
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