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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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@UTM Which type of energy do you think will dominate the world's

ﬁ 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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HYDROGEN: THE MOST DOMINANT ENERGY CARRIER IN 2157 CENTURY

VNVERET TLONOLOG MALATEA
www.ulm.my

Ref: IbrahimDincer (2008)
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2. Electricity Generation by Energy Source , GWh (2016-2050)

350,000 +
300,000
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° 2012 2015 2020 2025 2030 2035 2040 2045 2050
MOTEC 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

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

B 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

Source: B Geothermal 0 0 216 382 531 1,264 2,122 3,174 4,318
ASM TF CFE W 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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Source:
ASM TF CFE
(2015)

2. Shares of Energy Sources in Electricity Generation (%) 2016-2050
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2012 2015 2020 2025 2030 2035 2040 2045 2050

MOTEC 0.0 0.0 0.1 15 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 9.1 154
@ Bioenergy 0.6 1.0 1.0 2.2 3.6 53 55 5.8 6.1
B 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 23 31 34
@ Nuclear 0.0 0.0 0.0 0.0 5.8 5.1 4.5 4.0 34
B 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
B Geothermal 0.0 0.0 0.1 0.2 0.3 0.5 0.8 1.0 13
W 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
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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]

 ®UTM

UNVERET TEONOLOGH MALATEA

2020 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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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
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4 3. BARRIERS

e “RE, including OTEC, not viable ...”, high initial capital requirement;

e “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 ...”



®UTM /" 3.1 OVERCOMING BARRIERS:
7~ HIGH INITIAL CAPITAL REQUIREMENT

COMPARATIVE OTEC vs. FOSSIL FUEL : : : :
* By introducing project-life

* By realising that “renewable”,

Total Cost(USD billion) Power Project Initial Capital(USD/MW| “virtually free”;

(20-year period) " ERLAY
OTEC

* By highlighting “cost-saving” over
project life;

FOSSIL-FUEL

Note: Price of Oil : USD 100/barrel
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@H‘“M WITH OTEC, TO SAVE OVER USD 5 billion/ 100 MW

OIL-FIRED OTEC

USD 100 Million
(o)}

USD 100 Million

/ mmm Capital Cost 4 B Capital Cost

4

/ e Fe| Cost 3 O&M Cost
O&M Cost

1 _ /
123456 7 8 910111213 14151617 18 19 20/8ArS

123456 7 8 91011121314151617 1819 20 YE&AIS

100 MW Plant
OIL Total Cost: USD 7.7 billion OTEC Total Cost: USD 1.5 billion
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euM /.
~.. 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;



| WNVERET TEONLOG MALATRA
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- & Promising OTEC Project Sites
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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://mwww.motortrend.com/roadtests/alternative/1311_2015_toyota_fuel_cell_electric_vehicl
e_first_drive/#ixzz2nIDzPXoS

A. Bakar Jaafar @IEM-IEC-Electrical Conference 2 December 2015 SimeD#&®y Convention
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@UTM/ 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 I|b-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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4 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

e But to the consumer: HFCV more effective
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it PERSPECTIVE
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ICE Cars much less energy-efficient than Hydrogen Fuel Cell Vehicles

Figure 2 | Vehicle energy losses. Ofthe
energy that fuel provides to vehicles a
substantial proportion is lost. A breakdown

of the average losses of internal-combustion-
engine cars (fleet make up 70% petrol and 30%
diesel) is shown. Heat lost constitutes 30-37%
of the energy as a result of exhaust gases with
lower energy content and convection. The
other losses come from heat dissipation (25—
33%), mechanical losses {33-40%), air drag
{3-12%), rolling friction (12-45%) and brake
losses (about 5%). These losses mean only
about 21.5% of the energy is used to move the
car. Adapted with permission from ref. 12.

296 | NATURE | VOL 438 | 16 AUGUST 2012

23
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7 - 3.4 OVERCOMING BARRIERS: OTEC TECHNOLOGY
NOT YET DEVELOPED @COMMERCIAL SCALE

* Blue Rise of the Netherlands

* DCNS of France

* Energy Island of UK

« KRISO of the Republic of Korea [ROK]
« Lockheed-Martin of USA

» [Technip of France]

» Xenesys Inc of Japan/POSCO of ROK

* Not quite true;

e 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

NEMO PROJECT: OTEC TECHNOLOGY DONS U akuocnaeay

An innovative and entirely carbon-free technology Promising future developments

v Based on differences between surface-water temperatures

v The world's first industrial application of OTEC technology,
(>25 C) and deep-water temperatures (around 5 C at a depth

due to come into service in 2018.
of 1,000m). ;
v A technology in which French overseas territories provide a
v Very environmentally friendly: limited visuval and landscape test-bed for innovation, with a land-based prototype in La
impact, no sound pollution and no greenhouse gas Réunion and the NEMO and NAUTILUS projects in Martinique.
emissions.
v . o v Prospects for development in large archipelagos (Indonesia,
Making fraglle‘lsl.al-nd power. networks o St.a_ble: conStant the Philippines) and island systems (Caribbean, Pacific, Indian
power, low variability and full resource availability. Ocean)

NEMO

New Energy for Martinique
and Overseas

AKUO ENERGY - 140, avenue des Champs Elysées — 75008 Paris - France

2 December 2015 SimeDarby Convention
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7 .. 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]



@UTM ...... 3.6 OVERCOMING BARRIERS:
o “NO AGENCY & INSTITUTION, CHAMPIONING THE CAUSE ...”

On

3 January
A 2013,

i i o | University of
> g | | Technology
Malaysia
established
Its

Ocean
Thermal
Energy
Centre

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

Tel: +603 2615 4684 Fax: +603 2615 4283 www.utmotec.wordspress.com
Mobile: +6012 3207201 D’AB)J
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V | @UTM OTEC: The Preferred Path, with Existing Knowledge of

Technology, for Commercialisation=>Development=>Research
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4. EFFORTS IN POLICY ADVOCACY & INVESTMEI}IT PROMOTION: POST & PRIOR
TO ESTABLISHMENT OF UTM-OTEC ;
[Since 3 January 2013] :

P o
<

Before | After
UTM OTEC " (49)
25 (20)

20
B INTERNATIONAL INSTITUTION
15 B UNIVERSITY
m My.COMPANY
10 B GOVERNMENT
AGENCY/COMMITTEE
5

2007 2008 2009 2010 2011 2012 2013 2014

Figure : Malaysia, Ocean Thermal Energy-Driven Development : Growth in Activities relating to

OTEC Policy Advocacy and Promotions of Investment
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2007 - 2014

® GOVERNMENT AGENCY/COMMITTEE (GA) ® My.COMPANY (My)
= UNIVERSITY (UNI) = INTERNATIONAL INSTITUTION (INT.)

Figure 2. Stakeholders’ Engagement by Type of Institution in Malaysia and Abroad, 2007-2014
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4.1 OUTCOME: INVESTMENT PROMOTION

e

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 11t Malaysia

Plan (2016-2020):

Exploring New Renewable Energy Sources

17.78 Studies will be conducted to identify new RE sources to diversify the generation mix.

In the Eleventh Plan, new RE sources such as wind, geothermal and focean energy pwill be

explored. Currently, the national wind mapping exercise is underway and it is expected to

be completed by 2016. The exercise will further enable a study on the feasibility of wind

energy to be developed. Geothermal potential will also be further explored with the

discovery of a 12 square kilometres geothermal field in Apas Kiri, Sabah. Viability of ocean

energy will be explored to take advantage of

surrounded by sea.

2 December 2015 SimeDarby Convention
Centre KL

Malaysia's geographical position

of being
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“Ocean Energy”=>

Ocean thermal energy;
Offshore wind energy;
Tidal movements;
Oceanic current;

Wave energy; and
Salinity gradient

33



7 ... 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 15t Public-Funded OTEC
Project off Pulau Layang-Layang
under 11th MalaySIa Plan (2016- Deepwater Production Off Sabah

2020) & Promising OTEC Project Sites

* The 15 Private-Funded OTEC
Project supplying power to deep
water oil & gas production, the
surplus of which to generate H2
fuel

Ref: Mohamed Firouz Asnan, 10 December Z013
Kota Kinabalu, Sabah
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11t MALAYSIA PLAN: OTEC-CITY off
PULAU LAYANG-L AYANG

[Proposed to be commercialised,
with RM 350mOTEC Plant, Public Funded]

- With

Water,
Food,
Energy +++

“... to sustain human habitation or “ with “the

o s : economic life of their own.” [UNCLOS, 1982
7 © ENERG YISLANE 2008 ArtiCIe 121 (3)]
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@HIM / OTEC POTENTIAL IN MALAYSIA &THE FIRST FIVE OTEC POTENTIAL SITES
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irid @ wobal

”@UTM

UNVERET TEONOLOGH MALATEA

FURTHER INNOVATION WITH THE REST
OF EMERGING TECHNOLOGIES:

Temperate
=>0OTEC SPIN-OFF INDUSTRIES

Produce

“Import
Substitutions”

High Value
Produce

Capture-Fisheries

@EEP SEA

Concentrate

Ms Earth Japan, 2012
Health &

Cosmetics

‘Inspiration from Deep Sea Water'

Lithium
Production

Smart-Grid

With
All
Renewables

OTEC-H2
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@QIM/52 DISTRIBUTED POWER SYSTEMS WITH

7 HYDROGEN FUEL-CELLS & OFF NATIONAL OR STATE-WIDE GRID
i AL ] ozt Ao
oTEC-H2 & g :

l Ci
t” [FEC - :
T | EM

Fuel-CELL

DC link |

ﬂ/ . FCI | DC link | EP

Salt Water-Powered Lantern

| DC link

DC link
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Energy density
(equivalent meters of water head)

Power (watts)
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Fig, 1. (A) Poier or energy flux for ocean encrgy. On the “ocean currents™ bar, the shading
represens the power contained in concentrated currens such as the Gulf Stream, Estimated
feasibl tidal power i lso shaded. The dotted extension on “waves” indicates tha wind waves
are regenerated as they are cropped. “Seliity gradients™ incudes all gadients inthe ocean;
the large ones friver mouthsareshown by shading, Not shownis the undoubtedly lrge power
that would result if salt deposts were worked against freshwater or seawater. On “thermal
gradients," the sading indicates the unavoidable Camot-cycle eficiency. The horizontaline o
30 % 10% watt s a projected global eectricity consumption forthe year 2000, (B) ntensity or
concentraion of energy expressed as equivalent head of water, “Ccgan currents™ shows the
velociy head of major currnts, For tide, te average head of avorable it is gven, For waves,
the head represents a spatial and temporal average. The salinity-gradients head isfor reshwater
versus seawater, the dotted extension for freshwater versus brine (concentrated solution). The
thermakgadients head i or 12°C; tha for °C s dotted; bothinclude the Camot effiiency.
(From Wick and Schmitt (22)]
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©UTM

VNVERET TRONOLOGH MALATEA

/ YET, TO ACCOUNT FOR THE POTENTIAL OF UTILIZING SALINITY
GRADIENT (SG)
* 380 cc of water containing 18 4] FA ]
grams of salt could generate 40 W .
of power to last for 8 hours; y ()= Magnesium
e Per MW of OTEC, 8500 cubic Air = (6 g {Q -
metres/hour of deep sea water N //6 ik Oxygen‘x'fwmer
{\ .
would be put through condensers ™ S ¢ g
=> (8500/hr)(1000/0.38)40W x 8 hrs ~ "@"*—{ERL g s (e
=> 6895 MW o] YoM |
Overal Reaction: 1 E Electricity
Mg+ ; Og* HO = Mg OH);
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SALINITY GRADIENT @WORK:

“But today 40 Watt LED Lantern,
more than 1 not powered by
billion people

battery nor by H2-FuelCell,
but
by salt water with Mg anode

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]

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
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/7 O 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



Global OTEC Potential, Development & Transition:
“From OPEC to OTEC ..."” [Clarence Zener (1973)]

- ¢ "5k Reignwood Hainan

Sabah

o OTEC
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@ WNIVTRET l'!lllw WALATEA

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

TERIMA KASIH

GRACIAS
MERCI
SPASBO
SYUKRAN
THANK YOU
XIE-XIE

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
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