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Why Wave E n e rgy? Global Offshore Annual Wave Power Density Distribution

Highly-dense
Sustainable
Predictable
Available 24/7

> wnNn e

Wave Flux Drakoo Flux | Yearly Energy Output

kW/m kWh/m

0] = ) 2.5 0.5 4,555
5 = 10 7.5 1.6 13,666
2.6 22,776 i
3.6 31,886 ' e
5.2 45,552
30 = 40 35.0 7.3 63,773

The world’s total theoretical potential of wave energy is
estimated to be 29,500TWh per year.

Source: Mork et all. (2010)
16.6 145,766
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Cost of Electricity produced by Drakoo

Payback time in Chinese
East Coasts = 5 years
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Drakoo Flux

Ann.A. Power

Unit Capacity
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kW/m

kW/m

kW

kWp

USD/kWh

12.5

25

2.6

5.2

7.8

15.6

15

20

0.16

0.096

35

7.3

21.9

25

0.077

50

10.4

31.2

35

0.068

Cost of Electricity using
Diesel Generators on
islands: USD 0.50/kWh

Note: Above is based on a total installation capacity of 15MWp for local consumption.
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Drakoo Working Principle

Drakoo Working Principle

n Incident waves

== Valves opened .

Step 1: Wave Rising
o
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Drakoo Working Principle

;r]:, Drakoo Working Principle
ll [

Inlet chamber

Incident waves

Step 2: Wave Falling

{CEAN
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Design Configuration:

1) Twin-chamber Hull

2) Checkerboard Vvalves

3) Power Take-off System
The Internationally patented mod-
ular design enables constructions
of large-scale wave power arrays
by connecting multiple units using
bolting, welding or Hann-Ocean's
Rigid Pontoon Connectors.
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Key Features and Advantages

Simplicity
Efficiency
Reliability
Durability
Eco-friendliness
Cost-effectiveness
Versatility

Scalability

Plug & Run power take-off; In modular configuration
High Efficiency, up to 50% overall energy conversion
Use of commercially available parts for key components
Self-pressure relieving feature in stormy seas

Harmless to marine life, minimal impact on sea environment

Low material costs and economically justifiable pricing

Applicable at shoreline or far offshore, in fixed or floating mode

Installation capacity variable from kW unit to MW array
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Technical Specifications

Model No.: B0015 Version: 092018
Length (L) 3.0m
Width (B) 3.5m
Height (H) 5.1m
Weight (W) 12 ton
Peak Output Wave Height (H,,) 1.7m
Optimal Wave Period (T,) 5 sec

Electricity Generator

Permanent Magnetic AC Generator

Peak Power Output 15 kWp

Peak Efficiency Up to 50%

Average Active Power Output Efficiency 22%
(Average RMS)

Wave Absorption Up to 80%

Position Keeping

Attached or integrated into floating
platforms or fixed structures
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Development Milestones

Aug. 2008

International patent of the Drakoo WEC concept filed

Sep. 2010

1:5 scale Drakoo model tested in Nanyang Technological University (NTU), achieving a
peak Capture Wave Ratio (CWR) of up to 66%

Jul.2011

1kWp Drakoo prototype tested at National Renewable Energy Centre UK (Narec),
achieving a peak CWR beyond 80%

Jun. 2012

15t commercial order from Sembcorp Marine secured

Oct. 2012

4 units of Drakoo 4kWp delivered to Sembcorp Marine

Nov. 2012

Drakoo 4kWp sea trial conducted

Aug. 2013

Drakoo 16kWp array deployed in Tuas View Sea

Feb. 2015

Hann-Ocean Energy’s subsidiary in China registered

Nov. 2015

“Hann-Ocean 01” ocean wave tank construction completed

Jul. 2016

“Hann-Ocean 01” wavemaker (120kWp) installed and tested

Dec. 2016

Drakoo 10 kWop full-system assembled and started generating electricity

Nov. 2017

Drakoo 10kWp reached its peak electric capacity

Oct. 2017

Sales enquiries from the Persian Gulf for wellhead platforms and South Africa

Mar. 2018

Energize the Future with Ocean Waves

Peak power output of Drakoo 10kWp prototype upgraded to 15kWp

9

www.hann-ocean.com



% HANN ===

“*CCAN.

Redefining Sustainable Technologies

Drakoo Power Record

Through our
continuous effort in
the Drakoo design
optimizationandthe
product
improvement, the
Drakoo power output
performance interms
of peak power, rms
power and stabilityis
progressing rapidly,
starting from 1kW to
11.2kW in 15 months
only.

10
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Total Electrical Load Powered

(kWp)
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Peak Power Output Spectrum in kW

Generator Output Wave Period, Tz (sec) Ver. 24092018
Peak [kWp]

0.3

E

=)

=

5

@

< 1.1 2.8 3.6

>

S 1.3 4.5 5.4
1.5 6.4 7.4
1.7 8.6 9.8

Note: 1. Data inred have been witnessed by DNV - GL; Data in black are extrapolated using dual parameter curve fitting.

2. The root-mean-square (RMS) values are about 70% of the peak values indicated in the table above.
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Performance and Benefits

* Internationally patented

* Proven in labs and seas

* Cost-effective solution to replace diesel generators

* Brand-new technology for wave energy to meet growing global demand for clean energy

* Especially in island communities and remote offshore operations.

12
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WEC comparison

Qualitative Comparison of WECs

High

/ Drakoo-ll

# ‘.

Pelamis P2

/ Oyster2

/ CETO

Dimension Description P
Efficiency Power generated per wave energy input ’.-".bowerBuoy
Simplicity Shape, configuration and number of moving parts ¢

Reliability Use of commercially available parts

Durability Survivability and life span

Versatility Range of application

Cost-effectiveness  kWh per $ over life cycle
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Wave Height

Range (m)

WEC comparison

Operational
Period (sec)

Max. Efficiency
(%), @ T(sec)
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Pelamis 0.5-8.0 5-13 26% @ 6.5-7.0
AquaBuoy 1.0-5.5 6-17 12% @ 8.0-9.0
CETO Il 1.0-5.0 5-10 15% @ 5.0

Drakoo 0.3-5.0 2-14 46% @ 4.0~9.0

Energize the Future with Ocean Waves
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Competitors Analysis — Why is Drakoo different?

* Initial Design Size of The Device
* Testing and Timing of Commercialization

* Technological Simplicity
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* Fixed modular Drakoo WEC array, e.g. fixed breakwaters

* Floating modular Drakoo WEC Array, e.g. Drakoo Type-X

* Floating Stand-alone Drakoo WEC, e.g. Drakoo Type-R

* Integrated with floating or fixed structures along shorelines, e.g. floating sports hubs

* Integrated with floating or fixed offshore structures, e.g. oil and gas production platforms, fish farms
and offshore wind turbines

Floating Breakwater

17
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Application for Marine Aquaculture

 Drakoo WEC can supply power for the marine

aquaculture: . Offshore
Fish p il aquaculture
farming -

a) Safety, navigation,and maintenance equipment

b) Automatic fish feeders
c) Transport vessels
d) Refrigeration
*  Opportunity: Replacing fossil fuels with marine energy

could reduce harm to air and water quality, and reduce

supply risks, reduce farm operation cost.

 Coastal or offshore

www.hann-ocean.com
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From Bundug Oil Producing Company
Abu Dhabi, UAE

ABOUT | OPERATIONS | MEDIA | CAREERS

-

N
w5

“’ il ] X
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Bunduq was established in December 1970 to develop the offshore El Bunduq oil field which is located on the border
of the Emirate of Abu Dhabi and State of Qatar, some 200km west of Abu Dhabi city and 100km east of Doha.
The El Bunduq oil field commenced commercial oil production in 1975 with the natural depletion scheme and
subsequently water injection was implemented from 1983 to maintain the reservoir pressure.

Energize the Future with Ocean Waves
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Italian Wave Breakwater Project Feasibility Study

MWW T ORI S

Energize the Future with Ocean Waves www.hann-ocean.com
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Italian Wave Breakwater Project Feasibility Study

Drakoo WEC Array

Harmonious design with the surroundings is being investigated

19
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Breakwater application advantages

* Drakoo can be easily installed in every vertical-wall breakwater;
* Resource availability: breakwaters are constructed where the wave climate is severe;

* Reduction of wave loads on the breakwater (more than 80% of the wave energy is absorbed and
transformed into electricity);

* Inclusive design: if Drakoo is incorporated at a design stage, the total cost of the project is reduced
(due to the reduced wave loads);

* Space requalification: the breakwater becomes walkable (no water splashing on the deck due to
energy absorption);

» Zero-emission, silent electricity production in an otherwise unused space;

* Quasi-zero visual impact, which creates a competitive advantage against other renewable sources
(i.e. PV and wind);

www.hann-ocean.com
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= Hann-Ocean’s HQ in Singapore supports global sales and marketing;

= Hann-Ocean Energy (Nantong) in China offered large-scale testing facility and system assembly;

= Nanyang Technological University (NTU) Singapore offered wave flume test facility for small-scale tests;
= SembCorp Marine offered the first sea trial site and participated in NAREC (UK) tank test;

= |nstitute of High Performance Computing (IHPC) developed CFD software for Drakoo;

= DNV GL Maritime advisory enforced the testing methodology and witnessed Drakoo’s performance;

= China Ship Scientific Research Centre (CSSRC) participated in Drakoo’s wave load tests;

=  OEMs in Nantong, China have long-term partnership established;

= Highly efficient PM generators and MPPT charge controllers supplied by Korean and American companies

23
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Thanks to the code developed in collaboration with the Institute of High performance computing, Hann

ocean is capable of producing high-accuracy computational fluid dynamics simulations, which can be

used to determine the power output of the Drakoo and wave loads on the device and the overall
housing structure. Different wave scenarios (wave breaking, wave overtopping) can be simulated.

Energize the Future with Ocean Waves www.hann-ocean.com
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Alternative Application of Drakoo Technology

Water Dam

Drakoo CEC — vl

Drakoo Water
Current Energy
Converter 15kWp
Specification

Nominal Power: 10 kW (rms) Stream
Nominal Water Head: 1 m
Nominal Flow Rate: 1.25 m3 per sec

Peak Power: 15 kWp

Peak Water Head: 1.35m

Peak Flow Rate: 1.44 m3 per sec
Material: Reinforced Concrete

All Rights Reserved

www.hann-ocean.com 1

Energize the Future with Ocean Waves




Water
Pump
Station

Current
Converter A
/5kWp Case St

Proposed by

Hann-Ocean Energ)/;Pte. |

V4 y 4
g g
/- Y 4

r 4

.

River Width: 50 m
Array Converter Quantity: 5
Array Peak Power: 75 kWp
Max Water Head: 1.35m
Max Flow Rate: 7.2m3 /s

i 9, HANN ==
All Rights Reserved
: '..OCCQN
www.hann-ocean.com Redéfiing Simmksabie Tichnokgis
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THAN,&{OUI

" For more informatlon ple'é»se

~

+* Visit our website at w.ww.hann-ocea_n.com

N

%+ Email us at henrylhan@hann-ocean.com

Energize the Future with Ocean Waves www.hann-ocean.com



BORAE A 3

S

(,,_




H %

1. A ARFEERE?
2. “YEEE" TE/RIE
3. FEFEMMAE
4. BFRSBE

5, AREE®

6. fEREFIRAR

7. ESWH

8. MmN A=

9. MBEME

10. HEHREE S RIE T
11. Hftpr A

Energize the Future with Ocean Waves

gao’. CGQNE

Innovate Sustainable Technologies . ,

r—

it e
- m @ =m n

-
r—p

ﬁ?

WRCESSTT
DA T

11
e
L = :



.‘ HANN ===

LICCAN.

Redefining Sustainable Technologies

~
HH AR R
1. 5%E
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Wave Flux Drakoo Flux | Yearly Energy Output
kW/m kWh/m
0] = ) 2.5 0.5 4,555
5 = 10 7.5 1.6 13,666

2.6 22,776
3.6 31,886

5.2 45552 g5t A RYLIRRE IO TS R L (T I5 ) 20500 K KU /45
30 - 40 35.0 7.3 63,773 5 HoRIE: Mork et all. (2010)

16.6 145,766
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< 5 kW/m
10 kW/m
15 kW/m
20 kW/m
30 kW/m
40 kW/m
60 kW/m
> 60 kW/m

Wave Flux

Drakoo Flux

Ann.A. Power

Unit Capacity

Cost of Electricity
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kW/m

kW/m

kW

kWp

USD/kWh

12.5

25

2.6

5.2

7.8

15.6

15

20

0.16

0.096

35

7.3

21.9

25

0.077

Al EEASmA R

7[‘)15’] B8 7] A AK: USD
0.50/kWh

50

10.4

31.2

35

0.068

Note: Above is based on a total installation capacity of 15MWp for local consumption.
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Drakoo Working Principle

I] Incident waves

Step 1: Wave Rising
o

HANN = =

CCGAN.

5

Energize the Future with Ocean Waves www.hann-ocean.com




YRR TIEIRIE

Step 2: Wave Falling
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9/2010

15 Lo B R R B AR FE T RFMIN, EETEKIR(CWR) T 1A66%
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(S

JRIEHA Tz (sec)

Ver. 24092018

(m)

!IF 1.1 2.8
13 4.5
1.5 6.4
1.7 8.6

1) BRI AT RE T B R BO0LSHALANE NI EE 2 M, FHEI MEMRFEDNY - GL HZ K WL .

2) B MY ERE (RMS) KRAZ LR AIEES HAY70%.
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BORBERIAXTEE

FEanan ERRES(m) E1TEHA(sec) ERAEE(%), @ T(sec)

Pelamis 0.5-8.0 5-13 26% @ 6.5-7.0
AquaBuoy 1.0-5.5 6-17 12% @ 8.0-9.0
CETO Il 1.0-5.0 5-10 15% @ 5.0

Drakoo 0.3-5.0 2-14 46% @ 4.0~9.0
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