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No £33 Z9ds | £9¢ =94 o
GRAVITATIONAL WINDOW SHUTTER
1 FOR HYDRO-PNEUMATIC CURRENT |1992913751 |1992.02.14 N%F:\I-I;\H/Eégl:ﬁm EP
FLOW HARNESSING SYSTEM
2 Run-of-river submerged water turbine 1998670007 [1998.12.04 Dos_Santos Costa,. EP
Antonio Jose Arsenio
3 STREAM TURBINE 1998939027 |1998.07.06 Sinvent AS EP
SYSTEM FOR PRODUCING HYDROGEN Pas. Peter Alexander
4 MAKING USE OF A STREAM OF 2000980122 |2000.11.13 ' JoseohUs EP
WATER P
PLANT FOR GENERATING ENERGY Hydra Tidal Energy
.07. EP
S FROM WATERCURRENTS 2002747777 12002.07.08 Technology AS
Water turbine assembly comprising a turbine
6 | and sluices for the production of electrical | 2003029840 [2003.12.24| Zenker, Wolfgang EP
energy from flowing waters or tides.
ENERGY GENERATOR POWERED BY .
7 TIDAL CURRENTS 2004775028 |2004.08.12 Tidetec AS EP
A VERTICAL BLADE WATERWHEEL Lei, Yuening|Lei
8 POWER GENERATOR AND METHOD | 2005706625 [2005.02.08 ,Shen ing ' EP
OF WATERPOWER THEREOF gaing
DEVICE FOR UTILIZING THE KINETIC .
9 ENERGY OF FLOWING WATER 2005730283 |2005.04.13| Janssen, Kai-Ude EP
FLOATING APPARATUS FOR
10 DEPLOYING IN MARINE CURRENT | 2005807548 |2005.11.17| Overberg Limited EP
FOR GAINING ENERGY
11 TIDAL STREAM ENERGY CONVERSION 2006829462 |2006.12.08 Devaney, Theo EP
SYSTEM
AN ORIENTATION DEVICE FOR Tidal Generation
12 WATER CURRENT POWER 2007823891 |2007.09.07 Limited EP
GENERATING APPARATUS
Rotech Holdings
13 Underwater power generator 2008718731 |2008.03.13 Limited EP
SUBMERGIBLE SYSTEM FOR Universidad
14 |EXPLOITING THE ENERGY OF MARINE| 2008761455 |2008.04.04 Politecnica de Madrid EP
CURRENTS
TURBINE MOTOR WITH AT LEAST Siemens
.05. . EP
15 TWO ROTORS 2009765704 2009.05.20 Aktiengesellschaft
24 e P =
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No Sk 29Ws | 299 24 g
New Energy
Corporation Inc.|Bear,
TORQUE NEUTRALIZING TURBINE
.07. EP
16 MOORING SYSTEM 2009797315 |2009.07.15 C_Iayt9n|Wessper,
Craig|Ginter, Vincent
Joseph
17 High efficiency waterwheel apparatus having 2011180172 |2011.09.06 Pali, Ch_en-Y_||Pa|, Ep
track-type blades Chin-Li
ARRANGEMENT FOR EXTRACTING .
.07. EP
18 ENERGY FROM FLOWING LIQUID 2011731526 {2011.07.04 Flumill AS
19 | Flow power plant park and method for its | ., 55904 15012 04.26| Voith Patent GmbH | EP
production
NATURAL ENERGY EXTRACTION Albatross Technology
20 DEVICE 2012807564 |2012.07.02 LLC EP
WATERMILL DEVICE AND METHOD Oryon
OF GENERATING ELECTRICAL
21 ENERGY BY MEANS OF SUCH A 2013721812 |2013.04.11 Consultarr:;/ricDevelop EP
DEVICE
FLOATING MARINE CURRENT .
22 TURBINE 2013779848 |2013.10.22 Tidalys EP
23 | UNDERWATER FLOW POWER PLANT | 2015167260 |2015.05.12| Voith Patent GmbH | EP
A5 =7 volEE sk iy,
AN2Hl 2208 g5l 7] A gl - .
24 A maao] ARMFe 2003044885 [2003.02.21| R HE N#RA 20T JP
FAFHE A 2H
25 TEETA Y FEA Y 2005356306 |2005.12.09| —Z & T /K2t | P
26 ZRET 2006132292 |2006.05.11| FRI2EEFAR? AT | JP
27 5ol A 2007290644 2007.11.08| 337 =t A 4| JP
28 5ol A 2008012838 2008.01.23| 3l 7] =t A4 | JP
e AR T VN b u
AAo = HEA B
29 tAANHA FHEHA 2012148095 |2012.07.02| =, o JP
30 1 A 2012510543 |2011.03.18 hofgE  IEVR JP
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33

ZRUAS 9% $RY EA 33
{FLOATING-TYPE SAIL VARIABLE
BLADE TURBINE FOR TIDE
DEVELOPMENT}

20000001820

2000.01.11

KR

34

ZFEHE gl ZhaEYel=
{Transformable blade of turbine for tidal
current power plant}

20070123133

2007.11.28

KR

35

A AAAClEE Beds dAEA
{Connection apparatus of light weight
buffer metal for high-tension wire}

20080043239

2008.05.09

KR

36

7] F&2 HEl AAAE 7 A=
ZF 42X {TIDAL CURRENT POWER
PLANT HAVING AN AIR FLOATING
TYPE SUPPORT FOR SUPPORTING A
TURBINE}

20080102483

2008.10.20

KR

37

TE FYRA thld $9%
ZF¢ =] {Active flow varying
multi-arrayed horizontal axis turbine tidal
current power device}

20080126078

2008.12.11

KR

38

ZRBAAA ] AXTE
{SUPPORTING STRUCTURE OF TIDAL
CURRENT POWER PLANT}

20090054791

2009.06.19

(

FHHUEZ | KR

39

B2l 27 A2]{The tidal current

generation apparatus of the floating type}

20090088809

2009.09.21

ke

KR

o=
&

40

SR 5 A AN E g AN
{AN ORIENTATION DEVICE FOR
WATER CURRENT POWER

GENERATING APPARATUS}

20097007553

2007.09.07

Elo] 5 A # el

2u]E = KR

41

ZF4A Eoulg 2 S#ols ¥
o] A=Wy
{Rotor blade for tidal current power turbine
and manufacturing method of the same}

20100020051

2010.03.05

KR

42

ZFAARA

{Removing apparatus for algae}

20100025332

2010.03.22

KR

43

ZRLA7) e AAAAE AP 7t
AT Fxo| V2TEE AT
{Constructing Method of Base Structure for
Electric Generator from Tidal Current}

20100047657

2010.05.20

KR

26



No

=39

e

e
ro

=5

A=

44

AW oA o] e e BT
2eAse AHAAIL VR 7t
AATE Fxo J|2TEE U
A& H{Base Structure for Electric
Generator from Tidal Current and
Constructing Method of Base Structure}

20100047686

2010.05.20

KR

45

ZFEA718 HYl AAAA
{turbine establishment system for tidal
current power plant}

20110067520

2011.07.07

KR

46

=i

OFH}3; ZE A AR 2

SEI RS FH|gE e EA

e R
{The tidal current generation apparatus and
ship of the floating type}

20110088279

2011.09.01

KR

47

=7 23 B, oo Alx P
o] g3t =/ T ®H{horizontal
axis tidal current power turbine,
manufacturing method of same and tidal

current power method in using same}

20120055952

2012.05.25

KR

48

$9¥ A4 ZARRA} FHR
ZF47H 7] YA{Tidal Current Power
Nacelle with Heat Radiating Stiffener}

20120112388

2012.10.10

KR

49

2R A A

{TIDAL CURRENT POWER PLANT}

20120112625

2012.10.10

KR

50

% W 2RUA A2
{ROTATING AXIS CONVERTING-TYPE
TIDAL CURRENT POWER
GENERATING SYSTEM}

20120121995

2012.10.31

KR

o1

Aol 27 BA vhey A
{Apparatus for mounting the tidal current
generator on caisson}

20130052563

2013.05.09

KR

52

E2FEAE A A8
{APPARATUS FOR CONTROLLING
MULTI-HYDROFOIL DIFFUSER OF

TIDAL STREAM POWER GENERATION}

20130056760

2013.05.20

KR

53

O WEs7de T
{MULTIPLE OSCILLATING TIDAL
STREAM GENERATORS}

20130116657

2013.09.30

KR

54

EZFEAE 840 ANPAA
{TEST APPARATUS FOR YAW
CONTROLLING OF A TIDAL STREAM
POWER GENERATION}

20130137941

2013.11.13

KR
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55

ZRUAG AT
{AUTO DIFFUSION APPARATUS FOR
TIDAL STREAM POWER GENERATION}

20130144861

2013.11.26

KR

56

27 Bk % o9 75 P
{A FLOW POWER PLANT AND A
METHOD FOR ITS OPERATION}

20137029837

2012.03.30

KR

57

e 2RE7)Y) AF F5Y
9222 {AUTOMATIC FLEXURAL
RECIPROCATING DEVICE OF
OSCILLATING TIDAL STREAM
GENERATORS}

20140014712

2014.02.10

KR

58

WFELS o] 83F SA oA
ZRLAALR G olo] Ao
{YAW CONTROL TYPE TIDAL STREAM
GENERATOR BY RUDDER AND YAW
CONTROL METHOD OF THE SAME}

20140041840

2014.04.08

KR

59

ZFEd BHRl o= AARA
{Apparatus for Removing Foreign Substance
of The Tidal Current Power Turbine}

20140094715

2014.07.25

KR

60

B4 ZRER A
{TIDAL CURRENT GENERATION
APPARATUS OF FLOATING TYPE}

20140107038

2014.08.18

KR

61

2R

{The tidal current power generation system}

20140122147

2014.09.12

KR

62

ZFE o]4% WG FATEE
{Water Turbine Structure for Generation

Using Tide Current}

20150080398

2015.06.08

(Bl

KR

63

A7 27237 71{Power Generators using
currents in the Pending state}

20150144073

2015.10.15

oL

KR

64

U-& Z=FoldA 2d3A g0} 2
Hlo] 2 BFY) 2Rl A LA
{U-SHAPED TIDAL CURRENT ENERGY
POWER GENERATION DEVICE
CARRIER AND BASE TYPE TIDAL
CURRENT ENERGY POWER
GENERATION DEVICE}

20177004926

2014.12.01
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65 Ocean tide and wave energy converter 05/541051 |1975.04.28 uUs
66 Tidewater power system 05/562840 [1975.03.28 uUs
g7 |  /\pparatus for extracting energy from | 010000 11977 03.21) Wavepower Limited | US
movement of water
gg | Vertical-axis Compoj\'/theej’v'ng'”g'b'ade Waler| 51786961 (1977.04.12] Aquatech Co., Ltd. | US
69 Floating electric generator using the driving 05/891227 11978.03.29 US
energy of water
70 Flowing saline Wat_er magnetohydrodynamic 05/919470 11978.06.27 US
electric generator
The United States of
America as
7 Open cycle ocean thermal energy conversion 05/934572 1978.08.17 repres_ented by the US
system United States
Department of
Energy
72 | Submerged hydroelectric power generation | 05/959217 |1978.11.09 us
73 Modular current power apparatus 06/183968 [1980.09.03 uUs
74 Power steering system 06/752362 119850703 Outboard Marine |-,
Corporation
75 Shutter for hydro-pneumatlc current flow 07/308684 11991 12.17 Nort_heas'Fern US
harnessing system University
76 Ocean current power generation system 07/952272 |1992.09.28 uUs
The United States of
America as
77 Sea state measuring system 08/236857 |1994.05.02| represented by the | US
Secretary of the
Navy
78 _FaC|I|ty_for refueling of clean air _ 08/325830 11994.10.19 US
vehicles/marine craft and power generation
Hydroreactor to take advantage of the
79 kinetic energy from the Wa_ter in places 09/205322 11998.12.04 A.G. (_ja Cunha US
where the streams are meaningful for the Ferreira, Lda.
production electric power
80 Submersible electrical power generating 09/791278 |2001.02.22 US
plant
81 Eolic marine electrical generator geem 09/903379 |2001.07.11 us
10MWZ =RLM MSEEX] L 727 29
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82 System for producing hydrogen making use 10/129600 |2000.11.13 US
of a stream of water
83 Plant, gen_erator and propeller element for 10/482311 12002.07.08 Hydra Tidal Energy US
generating energy from watercurrents Technology AS
Plant, generator and propeller element for HYDRA TIDAL
84 en,ergatin ener: frr)on? water currents 10/482513 |2003.12.30 ENERGY us
g g enerdy TECHNOLOGY AS
ExxonMobil
85 |Method and apparatus for fluid flow testing| 10/572050 [2004.05.27| Upstream Research | US
Company
Device for converting flow energy into
86 . 10/931799 {2004.09.01 uUs
electrical energy
87 Current power generator 11/132489 |2005.05.19 uUs
g8 Submersible electrical power generating 11/416604 12006.05.03 US
plant
89 Ocean power harvester 11/451717 |2006.06.13 us
90 River and tidal power harvester 11/585722 |2006.10.24 us
Locating oil or gas passively by observing
a porous oil and gas saturated system
01 giving off its characterlstlc resonance 11/608155 |2006.12.07 Zuecher; Hannes US
response to ambient background noise, Georges
including optional differentiation of oil,
locatinggas and water
92 Submersible t_ethered platform fc_)r undersea 11/647874 |2006.12.29 US
electrical power generation
93 Floating apparatus for_dfaploylng in marine 11/667902 12005.11.17 Ocean Eloyv Energy US
current for gaining energy Limited
o4 Floating power plant _for extracting energy 11/805790 |2007.05.24 US
from flowing water
. . . Ocean Renewable
95 Submersible turbmg—generator unit for ocean 11/975581 |2007.10.19] Power Company, US
and tidal currents
LLC
96 Tidal stream energy conversion system 12/096413 |2006.12.08 us
97 Electric power generation system for 12/207174 12008.09.09 US
harvesting underwater currents
08 Buoyant blade free _stream tidal power 12/392369 |2009.02.25 US
device
30 e =P Er
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99 Orientation dewce_for water current power 12/440897 12007.09.07 Tidal _Ge_neratlon US
generating apparatus Limited
100 | Torque neutralizing turbine mooring system | 12/503144 |2009.07.15 us
HYDROKINETIC ELECTRICAL POWER
101 GENERATION SYSTEM 12/508990 |2009.07.24 us
1qp | Underwater power station and method for |, gene) 12009,00.16) Voith Patent GmbH | US
operating an underwater power station
103 | Underwater pumped-hydro energy storage | 12/577852 |2009.10.13|The Boeing Company| US
104 |Underwater power plant with passive control| 12/586905 |2009.09.28| Voith Patent GmbH | US
105 Systems for improved _fIU|d flows through a 12/618408 12009.11 13 Hydro Green Energy, US
turbine LLC
Installation for harvesting ocean currents
106 | (IHOC) and methods and means for its 12/655198 |2009.12.24 us
delivery, installation and servicing
107 Mechanical rotor 12/661096 |2010.03.11 us
108 Systems and mgthods for _convertlng marine 12/695711 |2010.01.28 US
currents into electrical energy
109 Methods and apparatus for generating | o 00,950 15010 06,03 us
electrical energy with a submerged tank
110 Hydrokinetic turbine for low velocity 12/804239 |2010.07.19 US
currents
11 Electrical p_ower generation system for 13/051724 |2011.03.18 US
harvesting underwater currents
112 Floating barriers 13/118394 |2011.05.28 us
113 | Horizontal-axis hydrokinetic water turbine | ., 51557 19011 07,27 DLZ Corporation | US
system
High efficiency waterwheel apparatus having Pai: Chen-Yi[Pai:
114 | track-type blades and a track-type blade set| 13/223619 |2011.09.01 Chin-Li us
thereof
DEEP OCEAN CURRENT POWER NATIONAL
115 PLANT AND CONSTRUCTING 13/274021 |2011.10.14 TAIWAN us
PROCEDURE THEREOF UNIVERSITY
116 Flow driven engine 13/341980 |2011.12.31 us
10MWE =FUM ASEX| g 7|27 g 31
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117 Microprocessor systsiTC hfor controlling rotor 13/374727 12012.01.11 US
ATLANTIS
RESOURCES
118 POWER GENERATOR 13/394673 |2010.09.08 CORPORATION PTE UsS
LIMITED
119 | Maritime current power plant park and & | 4.,001908 19019 05,01/ Voith Patent GmbH | US
method for its production
120 Water wheel for generating power 13/512939 |2011.01.05 uUs
1p7 | Horizontal-axis hydrokinetic water turbine | ccaa91 19012 07.26] DLZ Comporation | US
system
MODULE FOR RECOVERING ENERGY
122 FROM MARINE AND FLUVIAL 13/577239 |2011.02.08 uUs
CURRENTS
ULTRA HIGH EFFICIENCY POWER
123 | GENERATION SYSTEM AND WATER | 13/835834 |2013.03.15 UsS
TURBINE
104 | Horizontal-axis hydrokinetic water turbine | 004076 19013 07.29|  DLZ Comporation | US
system with water pump
125 Method and Appare}tus for Energy 13/976454 |2011.12.28 Cameron Internatlonal US
Generation Corporation
126 Floating-type ocean cgrrent cgmblnatlon 14/114530 12012.04.27 US
power generation device
. ALBATROSS
127 Natural energy extraction apparatus 14/118850 |2012.07.02 TECHNOLOGY LLC us
10| Floating tower frame for ocean current |\ o12060 120140317  Aquantis, Inc. | US
turbine system
INEXPENSIVE FLOATING HORIZONTAL
AND VERTICAL AXIS WATER
TURBINES MOUNTED ON BRIDGE AND
129 OTHER STRUCTURES TO CONVERT 14/224673 |2014.03.25 uUs
HYDROKINETIC ENERGY TO ELECTRIC
ENERGY
130 | Device for Recovering Energy from & | ) jacze0s 1201211.00  GEPS INNOV | US
Moving Fluid
FLOATING MARINE CURRENT
131 TURBINE 14/437586 |2013.10.22 TIDALYS uUs
32 | st=slidnEly s
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WATER LEVEL FLOW
SPEED-INCREASING GENERATING
132 | STATION, POWER STATION, WATER | 14/476244 |2014.09.03 UsS
SUPPLY STATION, AND OFFSHORE
FLOATING CITY
133 | Floating, yawing spar current/tidal turbine | 14/682700 |2015.04.09 Aquantis, Inc. us
REAL
134 WATER TURBINE DRIVE SYSTEM 14/916419 |2014.09.04 NEWENERGY, LLC uUs
135 Tidal flow power generation System and 14/998046 12015.12.24 US
Method
POWER GENERATION APPARATUS
136 UTILIZING WATER CURRENT ENERGY 15/030688 12013.10.22 us
137 HYDROKINETIC SYSTEM 15/109270 |2014.12.19| Pliosaur Energy Ltd. | US
13g | Hydrokinetic energy conversion system and | o, 57705 15015 0318]  Flumill AS us
use thereof
O [E 23] Poluin] V&5 B 71&F3 A3} Was FeDd Folu, T 3
Follv =9 7 7erES 2010d Har|s=(EV) tiHl 72.3%°] 121, 201613 9
= Har)&E= Ui 80.3% o2 8% 4 H(I=s I A A S|, 2017)
- 714 A= 2010 Havjss o] 480 o 2016 4200 E fha
- m2)(202099) 71EFFL Hr|&E=Ql EU thH 85.4% o2 F4E ZolH, 7]
A Harlsx dH] 369dCE F5d ZAOE g4I S
(& 2-3] sHYOHR| Z|s+&E & 7|=ZdX gt Bt
20109 2016 2020
2 | e | e | e | e | e | ' | e | e | e
S S Z &} T T Azt == S Z &}
® | 2% | @ | 0 | IF | D | ® | IF | @
Elen 72.3 IR 4.8 80.3 =1 4.2 85.4 i 3.6
o) = 89.7 FHa 1.9 94.8 =1 1.2 96.5 E A 1.1
B 87.3 FHa 2.2 90.7 =1 2.3 93.0 i 2.5
== 65.4 A 7.1 7.7 A 5.0 84.9 i 4.1
EU 100.0 FHal - 100.0 E - 100.0 FHa -
10MWE =FUM MASCX] i J|gas g 33
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- 20163 7|, 92 2,100kW A X E3S 8H 3 O™ 96,000kWe] =FEH =z =2
AE7} A3 Fol| S MU E 20450kW FEO ZFEHA ZT2AET}L W3 Fo

ol o
AT

[=)

- obAlol el Ful $EE AYEREAATF 1,000kWe] HH §FE Fusha

QoM H FLo] 4800kW TR ZFUH ZRAEZS F FJ(OES, 2015)

_1 (

100,000

70.000

50.000

30,000

20,000
10,000 I
0 - L

Canada China France Korea Netherands UK
=Installed capacity (kW) 0 170 2,500 1,000 1,300 2,100
=Consented projects(kW) 20,450 4,800 21,618 1,000 1,900 96,000

(08 2-4] /b8 TRUN MXISY W TRUM Z2NE

O 20159 7]&, A AA 27FEH AAEHS sSMWE AFHA] 28-S 5% 4835
GA(TRL 9)oll= ©]2A X3ala, AAFCE 7aeTsS ©Y7] A4 9 89 &

283} SA(TRL 8)°l g

O U [18 251 =718 A 2 AF =& gz Adx)83FU(Seanergy and EY,
2016)
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1 AUSTRALIA 5 FRANCE

Installed Installed
Wave 1.25 MW Tidal range 240 MW
Frannsd uu|\|mﬁluﬁfmﬁmuu|\|m|\|um||m||m|||u'|||u||||uuum
Wave 3IMW Planned
2 canaoa [ o
RN EANALS Tidal stream 14 MW
Installed OTEC 10 MW
Wave 0.759 MW FOWT 36 MW
Tidal range 20.5 MW

Planned 6 JAPAN

. "
Tidal stream 22 MW el 8  NORWAY o

.

- o Wave 0.15 MW Installed

Tidal stream o6lMw e O.2mw

FOWT 23 MW
Installed FOWT 11 MW
Wave 0.5 MW Planned 10 SOUTH KOREA
Tidal range 4.1 MW biansed: | ‘Wi 40MwW
+ Instalted

il Straam 0.2 MW Wave 350 MW Tidal stream 9.8 MW Weve 0.5 MW

OTEC 0.015 MW FOWT 116 MW [P—— Tidatvaige 254 MW
PVl 7 neTHERLANDS | S oo

7 NETHERLANDS jatelied
Wave 2.8 MW Wave 0.5 MW OTEC 0.2 MW

Tidal range 0.5 MW Installed o 4.35 MW Planned
Tidal stream 48 MW Wl streany Lo Planned ~ Wave 0.3MW
Salinity 0.05MW  yzye 5 MW Tidal stream 0.2 MW
Planned ~FOWT 150 MW OTEC 1 MW
Planned Tidal stream L6 MW
Wave 0.05 MW Salinity 100 MW

i1 SPAIN

" 0.3 MW 13 UNITED KINGDOM
Installed 14 USA

12 SWEDEN Wave 1MW Installed
Installed u|Ifﬁjlﬁ’.ll|ﬂ.ﬁiﬂmum|mm|mmm.u.mﬁrﬂummm OO 0O 0
Wave 0.2 MW Planned Planned
Tidal stream 0.008 MW Wave 40 MW Wave 1.5 MW
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII;;IJI;;I]I:.I':EI,I;III T|da| Stream 96 Mw T|da| range 1-4 Mw
Tidal stream 10.4 MW FOWT 110 MW FOWT 1,658 MW
Installed capacity Planned

139 MW
[0 2-5] =718 M| & A= = sHYoHX| MRS
O Ocean Energy Europe(2015) 7N Z=wio] w2 2] 2020 3| FolvA] +3

SF2 302 MWE FA43tal glor] = dzkx] 2gshd oF 853 MWe| 2

FE RY Zog AW 2-6] A=X)



KIOSTN gasgaenien

Wave
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[O12! 2-6] R&2| A7t s

W Tidal Stream W OTEC W Salinity Gradient

O /b8 Y7 Yo A B HuGFe AW L [F 2419 Bov, 2}
B2 2 EA me ddrle x5 47 vEA Fe 12d AAFew AN
A el HFEI Yee BAFAS

(& 2-4] =712 3 H Yol X| S7 LN
Country Technology Target
Indonesia Hydropower 2GW by 2925, including 0.43 GW
micro-hydropower
42,000GWh/year generation from
Italy Hydropower 17.8 GW capacity by 2020
Japan Ocean power(Wave and tidal) 1.5 GW by 2030

Ocean power

6,159 GWh/year by 2030

Rep. of Korea Hydropower(large-scale)

3,860 GWh/year by 2030

Hydropower(small-scale)

1,926 GWh/year by 2030

Macedonia Hydropower(small-scale) 216 GWh by 2020
Morocco Hydropower 2 GW by 2020
Myanmar Hydropower 9.4 GW by 2030
- Hydropower 5,398 MW added 2010-2030
Philippines
Ocean power 75 MW added 2010-2030
Portugal Hydropower(small-scale) 400 MW by 2020
Ocean power(wave) 6 MW by 2020
Spain Hydropower 13.9 GW by 2020
Ocean power 100 MW by 2020
Switzerland Hydropower 43 TWh/year by 2035
Thailand Hydropower _ 6.1 GW by 2021
Ocean power(wave and tidal) 2 MW by 2021
Turkey Hydropower 34 GW by 2023
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O 49 ¢ HT 8~1013%F 700mil Euro(9,10091Y)2] RIZFEA7}E o] Fo1 3 (Sl Ocean,
2016), 1 A3 HZ 537 F 10GWhe] AEAPNEHS AL F AAS
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- MeyGen ZZAEQ] 1TA AMYO R P AFEWNE=9 MeyGen Aol 1L5MWH
HS1000 MKZ1(Andritz Hydro Hammerfest) 7] 3719} 1.5MWs AR1500(Atlantis
Resources) 1717} A4,

- BMWE AFTEA7F 20151390 AlZME O] 2017 RE] & Fol S =S
Sound of Islay(10MW), 2= EW = Kyle Rhea(10MW), Z &2 22 EZ71=(5.6MW)

So 4F9A AMo] dAH g

o

o, ~2FENE

Project Name Location Capacity Funding Funding Expected Status and Updates
Awarded Body Operation
Date
Sound of Islay Islay, 10MW 2065 mEUR NER 300/EU 31/10/2016  Project put forward by ScottishPower
Scotland, UK Renewables and to employ Andritz

Hydro and Alstom turbines.

Kyle Rhea Isle of Skye, 8 MW 1677 m EUR NER 300/EU 31/12/2016  The EU has approved up-front
Scotland, UK funding for this project of 10 m EUR.

MeyGen Pentland Firth 6 MW 10 m GBP MEAD/UK Jan-Jun 2016 The project has reached financial
Inner Sound, close for the development of phase
Scotland 1A (6 of 86MW). Construction was

expected to begin in the fourth
guarter of 2014. DECC and The
Crown Estate are among the
financing sources.

Skerries Array  Anglesey, 10MW 10 mGBP MEAD/UK Jan-Jun 2016 Project halted following delays to
Wales, UK expected operation date.
Nepthyd France 56 MW  Undisclosed ALSTOM/ 31/12/2017  ADEME has awarded Alstom/GDF
GDF SUEZ / Suez and OpenHydro/DCNS/EDF
ADEME funds for the creation of pilot tidal

projects in France. The total sum
provided by ADEME is 103 m EUR,
and the total costs over 20 years are
expected to be 210 m EUR.

Normandie France 14 MW  Undisclosed OpenHydro/ 31/12/2018  ADEME has awarded Alstom/GDF
Hydro DCNS/ EDF/ Suez and OpenHydro/DCNS/EDF
ADEME funds for the creation of pilot tidal

projects in France. The total sum
provided by ADEME is 103 m EUR,
and the total costs over 20 years are
expected to be 210 m EUR.

Sources: Commission Decision C(2014) 383 2014; France Energies Marines 2014; ADEME 2014; Tethys 2014b; Tethys 2014c

* NER 300/EU : Funding Programme, financed from the New Entrants’ Reserve of Eu emissions trading scheme
* MEAD/UK : Marine Energy Array Demonstrator/UK

[OE! 2-8] &8 & A 2EA=URC, 2014)
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(MW)
Cape Sharp Tidal A FORCE Nova Operational and grid
Venture 16 e Scotia 2 connected
. — FORCE Nova ) Planned deployment in 2017
Black Tidal Power 17 7yt Scotia “EMW total
Minas Tidal Limited 17 ~ | AU FORCE Nova ) Planned deployment in late
Partnership Scotia 2017 -4 MW total
Atlantis Operations 18 ~ | AU FORCE Nova ) Planned deployment in 2018
Canada Scotia - 45 MW total
. ma FORCE Nova ) Planned deployment in 2018
DP Marine Energy 18 Fct Scotia ~ 45 MW total
) - Paimpol 16m OpenHydro technology,
- 2}
Pampol-Bréehat S Bréehat 2 2 turbines, installed
Andritz Hydro o MeyGen, . . . .
Hammerfest S Scotland 4X1.5 | Fixed horizontal axis turbine
FHAE AxAYd |16~ | B | WHE | 2
LHD Tidal Current "6 ~
Energy Demonstration "0 = 3.4MW (7 turbines)
Project

O IHS EER(2010)2] Alupg] 2o oJstd, 2 MA gl A= 2020874 1GWE E<
Aoz dAsly 2030 7FA] oF 10GWeol] =23 Ao 2 oAsk[1d 2-9] %)

18,000
= High-Groeth
16 G0 w Bats i ass
= L oww-{Sroveth Chogan anendy cost-
- sarmpahiiive with cffshore
14,000 £ v
g ward, becornes part of

g COURINes” anarngy mix
= 12,000
=
-
e 10,000
o3
L=
- .
& 8000 Ovgenizafion of supois
E chain fesding o fangar
= & 000 manufacluning capabiliies
= andcosts reduclions
ﬁ 4000 Palicyrmakers
o OIS se Suppor]

for ooRan snegy
2 000 o ey

FProfolypes First ocean famms
R D rror sl m e s —
e b o L
1'3*“‘3 o ‘?59'1 153"‘:5 Py '39'& 1-53'“% 1?*‘“1 'L'?"'“"b 19“':} *a.“-"q‘ﬁ iy "L':"-L'L 191?’ ity '153":"1:J 1‘3"-"'-0 191?' '155'-‘"% 1‘31% 1‘3@

[2! 2-9] s 2tol|LX| MH|E2F M2 Pike Research)
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e LR SORRCT I SRR DY

O dA x=7]|FA}H]|(CAPEX; Capital Expenditure) reference= kWS 10,668Euro(eF 149 Tt

4, IMWZ oF 1409 ) Ao, 753 THAT7HLCOE; Levelised Cost of Electricity)
= H A= YAIZFANA 0.54~0.71Euro/kWho] ™, LCOE reference= 0.62Euro/kWh
(Ikwh & o 8009) A=Y, =, AAde] W2 GARE thfE Incentive B &2 A
ol U+

1093 9 sl A] 2kdAS Ad AHEE AX7HA] oF 1bn Euro(1x
3,000 )& FA}35}% =(Ocean Energy Forum, 2015)

A=) g2Fo] 100MW7F El= AlZ o) LCOE references= AN 1/2 £FOE oz

Ao 7 d =3l d-L(Atlantis Resource, 2014)

At 208%F 5 BAAL 2d o dolm(2F= oF 500919), FHe AT 10693
N FAAe] 15 2. 4] Agd A EFH(13MW)S sl go s F
STTF A 129 oY EXAIE] e AR Add

2005-2015%F & AlA AR FAb FAE AvEE AR YR} 7Y A7
Mae Z7keke FA0ln #d A= AFshs Ae FAT 4 U& w3 A T

3} AdRs W Fae Zrkeks Ao 2 UERHREN2L 2016)([ 1 2-10] F3)

2006 2006 2007 2008 2000 2010 201 202 2013 2014 2016

Eillion UsSD

NEW INVESTMENT BY STAGE

Technology Research

Gowvernment RED 1.8 2.0 2.2 27 28 53 4.3 4.6 5 9 6.1
Corporate R&D 3.2 29 34 3.5 4.0 el ER 51 5 6.5 6.5
Development / Commercialisation

Wenture capits 0.6 1.2 21 3.2 G 25 2.5 2.4 o.a 1.0 3
Manufacturing

Prrvate equify expansion capita 0 39 3.6 6F 29 S.4 2 1.6 4 1.5 21
Public markets 3.6 9.3 Z1.4 10.9 1229 1.2 ] 3.8 [ 6.2 a8
Projects

Asset finance 528 B4E 098 358 0.2 152.9 a1.4 1633 158.0 138.4 199.0
Small distributed capacity 0.2 S 14 223 I35 62.6 EENE 8.3 539 0.4 G7.4
Total Mew Investment 2.8 mnz.o 1640 182.2 1wa.7 239.2 278.6 267V.3 2340 273.0 286.9
Merger & Acquisition - - - - -
T 282 359 587 584 G422 58.5 735 676 & arz 93.9
Total Transactions a8.1 147.69 227 24.6 2428 2976 3I652.0 32240 3I0NA 3604 3ITO.E

= =
[O2 2-10] =3&|& RHAHHX] FXp =AM

40 shRsli Y=ty |=3
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Andritz Siemens

OpenHydro

Atlantis

Nameplate capacity of

current device (MW) 1MW 1MW Unknown 1.2MW 1MW 1MW
: Strangford
Latest deployment EMEC, 2012 EMEC, 2011 - France, Paimpol Lough, 2008 - EMEC, 2013 EMEC, 2013
present Brehat
present
130MWh from
Grid connected 550MWh 4,000 hours 8,700MWh from 1MW turbine
Performance history 1MW turbine generation from from 250kwW twin rotor and 250MWh Not reported
(2011) 1MW turbine turbine 1.2MW turbine from 500kwW
prototype
Capacity of future device 1.5MW 1.5MW Not reported MW Not reported Not reported
MeyGen, Torr Head (Bord
M Sound of Islay Gais), Admiralty Kyle Rhea,
Projects planned cu E:Gf':". [Scottish Inlet (SnoPUD), Anglesey Sound of Islay Raz Blanchard
zhl:'?.:: {tghfl;].;] Power), Nessof  Paimpol Brehat  Skerries, Brough  (Scottish Power) (GDF Suez)
Jang Duncansby (EDF), Brims Ness
(Scottish Power) (SSE)
(328 2-11] Ze| ZRUMERI Y Sg Y WHEK| ZAY
= > =] & o o
O B3 ZFIHER 12k AAF 2 23 AAF & A2 o [O19 2-12]9F 2+
Developer 1st Prototype Year 2rd Prototype Year
MCT/Siemens 300 kW 2003 2x 600 kW= 2008
Alstom/TGL 500 kW 2011 1200 kW 2013
Hammerfest/Andritz Hydro 300 kW 2009 1100 kW 2013
Open Hydro/DCNS 200 kW 2008 2200 kW 2012
Voith Hydro 110 kW 2012 1000 kW 2013

2The MCT Seagen device was first deployed with only 1 rotor and then with 2 rotors.

[ 2-12] 1&F AIMIE R 2AF AIHIE 28 o AI(JRC, 2014)
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O ¥ AF =2Fad F&AI=HE NEe dd A 22 FIAE FE
- L 2Eg o} AndritzHydroAls =2 9] Hammerfest StromALS FHshH, ZFEHA
ARl %
- 5 SiemensAt= 2012'd Y=-2] Marine Current Turbine(MCT)AFE W3, 2/
Aol &, ©]% Atlantis ResourceAt= SiemensAtZH-E| MCT Ltd. & U3
- X2 AlstomAbE B9 Tidal Generation AHE @H s, Z2RIAAG XZ; o]
F "= GEAFF AlstomARS 389
871 3RSl AlzEle BF dejy 2822 1GWh oo FAEHFE Aikst
of 483 QA(TRL 8)5 2433+

R MCT SeaGenill AR series D& JHEH(YIIEE)
o\"c’m
« % 2AEE: 300 KW(EHIE{EY)
Andriiz Group = H2AL=H2.5mfs
(RAE2|op Seaflow ERALK=EERIEES

Open Centre = FSE= 300kW ’5‘21554: 1.2MW

Turbine = 20034 L E2QYI0joj| 2X| BALE:2.6mfs

(o HE) =3 16m

2003‘-1 BT AIYSE

= 2006HEMEC &T
= EF:6m % =38E 1,085kW SeaGen S
. pro?otype HZHS=2.8mfs (1MW x2)
=48 OLE{HI
Eg%i?J . P ZIEH MW
= 2071083 LT &2X| 2011HEMEC &IF = FAKE2.5mf
= E128:10m = EF:20m

% 24EEe: 1 500kW
@ %2194 3.15m/s AR1500
:I?l ]Bm

MeyGenpro]ect
= FZEEL 1,000kW 28 1,500kW
H#E 5 2.65m/s A= 3Imbs
= EF:18m ZF:18m
= 201 1HEMEC &ITAIA MevGen project

(08 2-13] el Fo ERUA el N g

O A7) tEAQ WA }%O] 12} A A ZE(1st prototype) 7Y = A= F 231 AAE
(2" prototype) 0.2 & A AFsta FdgF &5t E483 A2ES SR}
How, tFE %%21101 71es &8st 9l

o
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O 92 oF 17,818kme] 7 3t & ZAke] sSFE EAZS Hola JdoH F
AEFaege] 20%E 33 T Ie T5FT A Ads B3t e &
3 ey, oty 9@ =R Aol A FAF o™, MEYGENZ SEAGEN
I 2 ASHEA A HIFZRAETL X Fol U=

MeyGen(398MW) 1ATHAI(BMWE) ZZAEE FF3+9 21, Nova Innovation Shetland
of 100kwH ElHl 2715 A3+

n
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D
a
=
S
D
=
o
E
w
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0
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w
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o
E
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ol
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ok
ofy
=2
50
o

O B=Y ZFEA Hald ANFHoZ= AA H AAEFH} FPS 2HE EMECTE 9le
atapult(7 NaREC)7} 755 o Q. olA ¥ I &

= C
FolUA] el 223k 1S B JA=zetE 755t A AA siFel Aol A

(

O 2010 ¥= BH= 2IEWE FZ3)QEH Stroma A Akl §1X]gF Pentland Firth

FERE )0l F 3BMWTES] ZFEHTAE 248k MeyGen ZEAHES FXE

- MeyGen ZEAEE AA Ao FR ZFdd Z2AEZA ZF 2042 Phase

1(86MW+)} Phase 2(32IMW)E A& =S ™, A Phase lavt X3 Foll U=
(¥ 2-14] #=x)

Cumulative Grid
MW Connection Consents
Demonstration tidal array Installed Type
Phase 1a 6 MW 6MW
””””””””””””””””””””””””””””””””””””””””””””””” 33kVDNO | | ;e
Commercial tidal array 14.9 MW Cor:ent'ng
Phase 1b 6 MW 12MW Sozmed
___________________________________________________ 86MW_ |
86 MW
Phaselc&d 74 MW It I IEEETVAN N I
Grid
Phase 2 312 MW 398 MW Connected
237MW Consenting
Phase 2
312MW
TBD Grid
141 MW

10MWE =R MZHX| i 7186971 ) 43
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O O [1¥ 2-15]=

MeyGen Project Phase 1 Y=Y

O MeyGen Phase 12] A"l 48 T2 [1¥ 2-16]% £

MeyGen Phase 1A

‘\\ \

N \\ _
‘ WeyGen Tidal = ‘
l Energy Project

Agreement for
_ Leasc Area

Phase 1 potential area
for cable deployment

i
Underground m

Lalile e -

[Z12] 2-15] MeyGen Project Phase 1 /%]

MEYGEN

Major Contracts

Grid Connection

Atlantis Turbine

AHH Turbines

nyraan Tiral Pty Progart
Phise 1

—MEYGEN
GEl

A

Arganmis

Onshore Works

Directional
Drilling

’ Offshore Installation

D
Grid
A
Turbine Support Submarine
Structures Cables

[112] 2-16] MeyGen Project Phase 1 XA A=

44 | s=signey e



A2z &2 U ABEY

O MeyGen ZZAHEof ALEEE ZFET3 EjHICZ = Atlantis AR 1500 L5MW EIR1 17]
2} Andritz Hydro Hammerfest 1.5MW HS1000 Mkl E{®l 37]¢o|H o5 [1¥ 2-17]%

ZoH, [E 2-6]2 F EHHES vludt AY

1 X Atlantis AR1500 1.5MW Turbine

Atlantis Resources: May 2016

Hydro

3 X Andritz Hydro Hammerfest

1.5MW HS1000 Mk1 Turbines

[12! 2-17] MeyGen Phase 10| A== Z=FUFE{H]
[E 2-6] AR1500=} HS1000 22 H|w
Area Atlantis-AR1500 Andritz-HS1000 MK1
Rotor Diameter 18m 18m
Rated Power 1.5MW 1.5MW
Inspection period (MTBO) 6.25 years 5 years
Blade Material Carbon Fibre Carbon Steel
Cut Out Velocity 5m/s 4.5m/s
Pitch System Collective Hydraulic Independent, Electrical
Gearbox 2 Stage 3 Stage
Generator Permanent Magnet Induction Machine
Yaw Mechanism Electrical Electrical
Connection Offered Wetmate Drymate
T?;rk:;ntac;c:/r;t:tcélrl)er Onshore Onshore
10MWE =REH MSEx Ny sjgeaz] 45
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O MeyGen ZE2AE9] AA7MA] 3 AL o5 [ 2-7]% 2=
[E 2-7] MeyGen Z2HME FX| 2
Gt Foug B a1
) MeyGen Ltd.&= 9= HFFZHE 20208714 F 398MwWe] Z=FaA
010. 10 1 g4 242 za we
2014. 9 6MW MeyGen PhaselAol] tigt F2}= 51.3 million pound(3+3} oF 74491¢)) | $H&- 1€
: 24 98 =1,450¢
2015. 6 | 2km<2] 471 HDD(Horizontally Directionally Drilled) Drilling 2 ¢+
2015. 9 | 11.5km s|A A E HX] 4=
2015. 10 | 87 RUYHH AH] A g5
2016. 4 | SSE(Scottish and Southern Energy) A5 A 2z 24
370 9] Andritz-HS10004 %] ¢t53}51 o™, 20173 8¢ 2the] E{ Rl A
2017. 8 | 700MWolde] A AJaksl oz ey, 3HH, Atlantis turbine
EA7F Qo] 9Y o]F MXA o4F
2017. 12 | ZFERA7] 4717F &9 T A=
O %A, [19 2-18]2> =9 sFelviA] 7ML 2=

| UK Wave and Tidal Stream Deployments |

2010 2015 2020 2025

[ FULLSCALEDEMO |

>

[ SMALL ARRAYS (2- 10MW) |

+t—>

[ LARGE ARRAYS (10 - 100Mw) |
<€

| BUILDOUT OF PROJECTS |

1* GENERATION
SYSTEMS

+—>

<

2 and 3™ GENERATION SYSTEMS

<

| Capital support for ressarch |
and development projects
| Capital and revenue support sohem es
for array deployments

2030
>

Long-term market support

[O3 2-18] A= sioldx] E=7, 2010-2030
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2FEWE2] Orkney Islandol]l $1X13 EMECE 20030l A= o] sjdovx A3
gl AAEH, Al ‘4%7} ?j%j——% T8Il 5. EMECE= AREH Al gl vlg 24, 4
l QA )L, AZAAAN 2, berth, AHLE 7}, QHSE #H] A

A =
Hal sl A9 %og 8 fARS, AE £ 2 FARUEY 52 AT UL

T3, ~3EWNE Orkney Eday 2] Fall of Warness Z72d A=A € 4(87] berth
Z FA)3 Scapa flowol] RFAHAS Bfsta Jom(18 2-19] #=x) FHITo=
Stronsay Firtholl =71 ZFEA AdAS += S0 A=(EMEC, 2017)

Tidal Device Deployment at EMEC

-Tldal Site — FaII of Warness Eday

Scotrenewables -
2010 _Ll» SMD

< FHydrovision

~ 2010 SCOTTISH
e

[O2! 2-19] EMECe| ==F4t™ TEST ZX|

O F=e EAR] FHE& 27T /NEAZE MCT7F 9o 2003 AlA Hz=
300kW Seaflows 7|43t R L, FHToll= 2MWH SeaGen-S system= 7313+
SeaGen-S+= E Aol 27 16~20mel|l aF3st= F e 5732 E|Rlo] Ao
Ho 38me] FAANA +Ho] Vet EE AAE. =3 1.2MWHE SeaGeno| 200813
Hold#l = Strangford Lougholl A Xx]=o] oF 37t A&y /\]6‘4E T3t A 5A
AHE 953 FAE 599 thE TAA SiemensAtoll A 0] S QgrEte] AF8-317)
= I Foll AF(LE 2-20] =)

10MWE ERuH NS e vgazr | 47
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[12] 2-20] MCTALS| SeaGen-S 2!

O OpenHydroAl= 2MWH 2]Open Centre TurbineS 7§&sle] dA] 7yt FORCE®] A

A=olglom, F= B RN AFEA] 44 Uy Z2AES 3 Fo Ue
(28 2-21] #=x)

[O2! 2-21] OpenHydroAl2| Open Centre Turbine

O Lunar Energy b= 1 MWH FH3F 35 2780 Axgo2 gy fiFg’dE

(venturi duct)Z A&3lx Q1= LTT(Lunar Tidal Turbing)g 7Hdtslglon, HZol=
2AMWH LTTES /st S8 2-22] %)

a8 | s=sngae
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5

'Q

[O2! 2-22] Lunar EnergyAte| LTT Z=FEAA|AE

2 "=

O "= gl A] s FE22 T A7 I Foll Jdom, =713 Ag<l
WWP(Water Power Program)E 53 sfjofolldx] AUdxAL &84 A, As 29,
FAGFYI =2 Sasta 9o

- 2016 3AIAE<) s = (Marine and Hydrokinetic)oll]x] RD&D®l| US$44.3 mil.
(eF 487 2l)= A4

O 3 i) H2ES)F An] 7S Water Power Program® =8 A9 5 stU=E <
A8EaL sF A e HFA0 AYS sk 9.2, NNMREC(Northwest National
Marine Renewable Energy Center), SNMREC(Southeast National Marine Renewable Energy
Center)2} HINMREC(Hawii National Marine Renewable Energy Center)S T3} 3

FAdA A EEde 9 Foll A(1H 2-23] F=x)

10MWS ZREH asex g yiger | 49
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NNMREC SNMREC HINVREC
Northwest Netional Southeast National h:?:’:g””""“l A
Marine Renewable Marine Renewable Energy Center
Energy Center Energy Center
PlUIEC(Pacrﬁc Marine Energy Center) |
l l l FloridaAtlanticUniv.
Oregon State Univ. Univ.of Washington | Univ.of AlaskaFairbanks| ——— Univ. of Hawaii
S R = v Dynamometer —
WECS! WECs, CECs? RECs* v OTECS WECs, OTEC
TECs® | v OCHECS |
— Test
SETS NETS PSTS LWTS TRTS  PacificMarineErergyCenier Site
Sath | North Pugt | Lake Tarara Pl
Enerqy = Energy Sound | Washington River and
Test Test Test Test Test OTEC
Site Site Site Site Site Test
Site

”, , & 3
[ 2CECs : Current Energy Converters ' i
A STECs: Tidal Current Energy Converters B s
RECs ! River Energy Converters P

SOCHEC : Ocean Current Hydrokinetic Energy Conversion

[ 2-23] 0|2 sHAOL{X| MSAIEE ZE=

O Oregon F=Hoigtulo] ¢%]% NNMRECE % 53 (south energy test site, north energy
test site, puget sound test site, lake washington test site, tanana river test site)<]
PMEC(Pacific Marine Energy Center) A @3S +93ta 5. olF Z=FL4H Alx=H
Al@Ao 25 Puget sound2} Lake Washington Al 37
A e Aole B8 2/Ed BYY AHe AAE T3 Tl AS(NNMREC, 2017)

O ?HA, vToAs ohket 34 27T ERlo] A|ZkE 1L 9l ORPC(Ocean Renewable
Power Company)= 60kWS 2] TidGen Power System-=- 20123 7)]'#3}% 2™ Cobscook
T A AsAES THIAS([TE 2-24] F=)
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[TZ] 2-24] TidGen Power System
O35 WEE Zdgst &= Exo] 7Hsst

O Offshore IslandAl+= 600kWH EJHIS
A FE83E =4 Fol AS(2E 2-25] F=X)

current catcher ZHEZS 7)) 1Halo]

[71&] 2-25] Current catcher platform

O X3 Verdant PowerAtol| A= KHPS 4AMtf =% EJRIR P& RITE(Roosevelt Island
Tidal Energy) projectoll 4] 2006~2009'd7}#] AZEA &S #3510, o= 35kW
7 54t md& et S o] Rde 2(vawing) A=®lE Aol S5

=g
& Wl AT = e 5 7ML de((1H 2-26] =)

X

r[r

ioMw= =RFEH A
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Deslgn: Verdant Power,

[22] 2-26] KHPS Gen5s =&
B) =¥

O Y ARAAE I7H oA &HRIE&E A7) 98] AU A Al &8
AYS 20119 R, AR BE, 7|50 g8 2 AR 7ey F
e ST A F 1607 =9 77 Ade ol IrllUAAFZZAES
TSt eH, AA oAUAL T AAAHA BlFS 2020l 35%, 2030l 50%,
2040 Al 65% 121l 20503 7FA] 80%71A] £ AFS +HIAS(OES, 2013)

#

1:1

O Voith Siemens Hydro power generationAl= IMWE 2] HyTideE 7l'dsted 2013d A&
ANEE mtx o™ SCHOTTEL groupAts 70kWHo] A&% SIT EY-E A=k =3t
REAC Energy GmBHAI= 6kWa AFERIS 20719 tsuld FEZ 120kWa
Streamcube S /N3 ([1H 2-27] =)



< SIT Model > < Streamcube >

[O2l 2-27] SIT 221} Streamcube Z2E!

(4 Ao

ol

o MUttes g A] 7E2EWS F

7+A] 250MW, 20303 7+A] 2GWE & 7]

SO
=
Z

o
How sEle Ags FHE

O E3h Nova Scotia®] Fundy Tl X8 ZFEA ASAE o
200010 Adste} #= AHl, A ACIE, ATAA B FF BUEY A=H

— U

Sota lon, AlA =272 A" S sHsH EMECH A AA =72
A

¢

F
o

o 3, At =FAE W A ZAFSD Incurrent TurbinesAlE 71& ZF4d Wl g
E3AoA PAHEHE GFEZ o] 83 Vortex power d
St WA &S kWl EFSIA| T A f-F7ke] Zrol o] iy 7F A X E

FHol Qle([18 2-28] #X)

)
e
o
off
lo
i
)
9
N
ol
b
o

fo] 28 9 shewg AX 4% 20209

TAIE|Ql FORCEZ
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[O2! 2-28] Vortex power drive ZE!

—

d

O X3 Water Wall TurbineAb= Autel] 1A E o] &P = A|AElo R 2

e AR e 229 =)

ok 243%7+A] EolaAt &3t -S(METI, 2015)

O 20124 dsq AdSAEd =4 Ade sdsial 284 3 AA A4 5 24
s
_]

ATFE 43 Fo 9o Nagasaki &-& EMECS] AX7]|&
71€% 3R w#@slH olAo} Hx=Z oA L A

2
A& +H (Ko, 2016)

2MW+= WWT

FAE AAAL 3 FY2030 oA A (A AR, A A4k
A5t oUR AHEEES 20139 6.1%°0 A4 20303



Ri2z #2 U Ay

1 1 1 Hm ] | h
Th ree Nagasakl TeSt Flelds DGSIg nated il O Test sites selected by the naticnal govemment
by the Japanese Government O potentaltestsites | :

1. Waters off Hisaka-jima Island, Goto City

(For tidal power generation)

2. Eno-shima & Hira-shima islands, L
Saikai City
(For tidal power generation) 2. Nursery site for Tidal
3. Waters off Kaba-shima Island, Goto City Power Generation 9
Eno-shima & Hira-shima, .
(For floating offshore wind power generation) Saikai City f"z 5
1. Test site for Tidal Power |  * -;52'\} _____ :
. . _— Generation o .,shﬁ " !
; Hisaka-jima, Sl A
Goto City

Wind Power Generation

Kaba-shima, Goto City

3. Test site for Floating Offsh =]
[ est site tor Floating _ shore ] }—"'Lf

[11E! 2-30] &= sHoi|HX| ASAIEE 75 A=

O UriAb7] At 3128 3213 2] 3(NaMICPA, Nagasaki Marine Industry Cluster
Promotion Association)2} U7FAF] XA Hol A= #HA| Nagasaki AMEC(Asia Marine
Energy Center)= AHT Algs FH(IH 2-31]3=)

Design Installation

Nagasaki AMEC

Test

Manufacture
R&D

Planning to create a GIS database
on hydrographic conditions

Commercialization

Floating
offshore wind

[28 2-31] LIZIAZ| s s X] EHAE FTAE
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O TEZh [2¥ 2-32]914 B nkep o] 2014 7€ol= 1) siFolyA] ASAIEA
SR A 67]2] AFZRAE A A (lkegami, 2017)
- Awashima uramura area(Niigata &)
- Kabeshima area(saga &)
- Kumejima area(Okinawa &)

- Kabashima area, Hisakajima area, Ejima-Hirashima area(Nagasaki&)

1.0cean Wind

Niigata, Nagasaki, Saga, lwate

2. Wave , A
Niigata, lwate I, O r iea

3. Tidal Current f";;m" v
Niigata, Nagasaki, Saga LE g 2

- =E
4. Ocean Current m Saga [ e N o
Niigata Kagoshima e €

>. OTEC g ,—-I Kagoshima |
Okinawa i i

[O8 2-32] L= 52| sHfollAX] L A=

O 20159 4¥ol= T8 ST HLH ASAILOZ Iwate o] Kamaishi A o]
MEA AAFHRoH, 2017d 7¥€0lE= Kagoshima o] sfFad AE=APAoz A
A= A=

- 2017 8ol O FIFHARI IHIZ A=) 4k 71+ F9 71T 7]17H(NEDO)
of o3 100kWsw 3llFad ASAIHol 2 HAS

O ¥, YRl jFbd HEFLS oF 205GW=E H7FEAL o, F<4 1~2m/se] T2
AT A& AHo] o] Aulo]&Eo] Ea1, o] wet
BolXe [18 2-33]7 Zo] FEAL
Z2 Fol S
0, &7E ©A A
kwhw 4091

56 | st=sigare
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1 1 1 1 Il L Ilnn L 1 i 1 11—3 1 L | L 140 1 1 1

[OE! 2-33] 2= FEAIL 7 e siFLX7| &% A=

W
>
o|N
uv)
D)
il
o
of
ofy
2
%0
D)
=
:cl){:t
02
2
°
D)
)
i
flo
P
o
N

dE2 g9 e d

FEoll B34 2y J&| FFAURA] FEFo] 6TWhiyZ FAE I &= W
A7 29 shol sjFolA] N FEEE AT Ao 2 o4F(NEDO, 2010)
(6) ==

7130 21 S ol FaL o] sfFelluiA] JiEel R A€

=
Zk Q. o] &3 ol FEFE 1,669.30GWll Dt o] F =

A A A A el = HE FARskAL 1o, sid3E

ook

Aol BAH A
Hop A7 Eel £U% @9, 20179 19 SFelUIA AL 59 AL wwEs

™ 20203 71A] 3% 630U T AYE A&

Zoo] ol R Alg-S &= Northern National Ocean Energy Test Station(NNOETS),
National Tidal Current Energy Test Station(NTCETS)3} National Wave Energy Test

Station(NWETS)°] $l-&
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7Y 0 LA BORT s D

O T 9 T2

TEAES

LHD Tidal Current Energy Demonstration Project(3,400kW,

7 turbines), Zhairuoshan Tidal Energy Power Demonstration Station(470kW, 3 turbines)”} 1=

- o] 2o %= NNU turbine(15kW)©] Zhaitang A ollA A AlFE& P8l

e
@
o

: ;
"

I
gt

Gieng BEL inl -
et A P - w 7o T
g (i 2

o

(o) e
AN H=

2-34] = siLolAX| AT MX[9|X|

O Shandong®| %ol 923 NNOETSE &b =FdA|2wle] Hafj AEA

oz A f%e

12m/s2 UEPH([1E 2-35] =), o
IMWE 2RS4 YeAg, B8 Bk $499%L, 59 A

5 G7bet= S A E 9la(Zhang, et al., 2014)

jm

NP2 A AAEETol

+ Location : Northeast
of Shandong Province

< Wave, tidad cument

[O8 2-35] &= sHolHX| AIHE

58

of Zhejiang Province
< Tidal current energy
< 3testberths
{300kKW, G00KW 1MW)

National Wave
Energy Test Station

<+ Location : Zhuha of
Guanadong Province
< Wave energy
<+ 3test berths
(300KWV, 600KW 1 MW}
< 100 kW

Big
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*Z2]: World energy resources marine energy(WEC, 2016)
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O ZFIHL EHEE 9 A ol U BEAYoR s /1Y FAY} U
H, ol Qs AFBHAE Be ofel ol g

O FHY ZFTAL AA &% 1.1GWY 23/ Z2AEZ FTAFH Jon, kst
AE SA167] Z2AE) (1™ 2-38] =)

450
400
350
300
250
2 200 . —
150 IR _[
100 - | |
so n
0 — — === i |_ ;
2016 2017 2018 2019 2020 2021 2025
m Atlantis m Atlantis/AHH = GE = Oceanflow
m Openhydro m Schottel/SEM % TEL m Tocardo
= Minesto = 55E & Open Hydro m DP Marine Energy M Scotrenewables
1 TVL

*Z*]: JRC Ocean Energy Status Report(JRC, 2016)

(02 2-38] RE Fe7le

N
i
1
5
1
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of
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216 7|2 HEZ3t =

oo

O A sigolldA #d =AZIES /NSt e IEC TClldolA A3 7EA =
O3 2
- A7 7l e 5 2RER gdd
W KS AAS sl #-d A7 1 Foll U
« IEC TS 62600Marine energy - Wave, tidal an
» Part 1: Terminology(2011)

1
M
rlo
-
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[EEN
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o
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o

other water current converters

» Part 2: Design requirements for marine energy systems(2016)

10MWS =Rwd axcx| e 7jgaz] 61
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 Part 10: Assessment of mooring system for marine energy converters(MECs) (2015)
* Part 100: Electricity producing wave energy converters - Power performance assessment(2012)
« Part 101: Wave energy resource assessment and characterization(2015)
« Part 102: Wave energy converter power performance assessment at a second location
using measured assessment data(2016)
* Part 200: Electricity producing tidal energy converters - Power performance assessment(2013)

 Part 201: Tidal energy resource assessment and characterization(2015)

O IEC TCl114oA =7+ Zy
BB O part 3, 30, 202°0]7, IEC TCll4 %<& Edlo] ZfoA =951 =

u
$¢ WIY > A=S F A

.

(o3

* Part 3: Measurement of mechanical loads(2020-01)

Part 20: General guidance for design and analysis of an Ocean Thermal Energy

Conversion(OTEC) plant(2017-06)

» Part 30: Electrical power quality requirements for wave, tidal and other water current
energy converters(2017-06)

* Part 40: Acoustic characterization of marine energy converters(2017-12)

« Part 103: Guidelines for the early stage development of wave energy converters: Best
practices and recommended procedures for the testing of pre-prototype scale devices
(2018-07)

 Part 202: Scale testing of tidal stream energy systems(2017-12)

 Part 300: Electricity producing river energy converters - Power performance assessment

(2017-07)

 Part 301: River energy resource assessment(2017-07)
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Rl2z #2 Y AYEY

(% 2-8] & M=ol AxjMolix| B2 ==

d=
2m 2018 2020 2022 2026 2030
ZHE EH(GWh) | 555,280 588,352 | 609,822 | 637,953 | 664,109
A A A o U 2] 7 BFH(GWwh) 34,866 45,991 58,759 89,738 132,955
A A A AT A Al T E(GW) 20 26 34 51 76
H] (%) 6.3% 7.8% 9.6% 14.1% 20.0%

O & FT4HH(2015)= “2025' s FAlHA Z= Tofg FREE s Folyx] F47] 7
A 8 (115~'25)2 FHsIaL, AR FAGAR] s FEstE g HEYx
R&D % AZAA FFH/FANAA ASAA +5 F
A

H

7F ddA R x5 A

CalgeldA mnF St 9 e AAY Gud e AA
L 20059717 AAAANEA F 16%E AFANIAZ THY ZHE Fai0], AAS
= o) os%e] 715 R 9 2R Jarld S4S BEE §

2030 sHAUILAX] JHZE AR MIFFEITE(GHYTLF, 17.12)
o 3SR APY ZIE X AU P2 Uy

= 7304 % 552 AR HYAHUNEAE NF TIE
- WEE ZREA[NLHS 499 452 §4 AYNT UE
= HYAHT MHEZ AY 2G

o FEF2. 12 OHYGOYLIX| 2EISK] =4

A8 15 FYOI4N NAZ W NFHN 75

- NYO {OMW ZREE MF0N 35 10MW =2
- 82 2E0: * 30 1.56W AR YN gna xy SSEK| TS

- 700MW ZREN ¥SEHA X4
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< T 1IOHYOILIX| R&D HOH X &THA 7=H

. O 8% WHEN TYE 9% 1MW
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ZREN 488 OE N “Rﬂaﬁ)"'gj’g
(" 19~" 21, BE/ARAMAY 3F) AZHA TS
. 45MWE ZREN A% A BT B
8% 9 IHFANAH 75
(* 17-" 21, BEFE)

(12! 2-39] 203051 FoH[LAX| 7HE A& MFFEIXEF
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O e FFAH(2017) o A= 72030 s dFellHANEA & o g AFFASEFS FHst
AS([1H 2-39] F=x)
A% 1 g A R&D i H 4
o Aol 7] e} A WE FAHY A4V Jd R&DE AF F
28k, AHdst FX1S At ASAA 7=
- A 2 R S Folux TADH =4
« 2030 d7HA] ‘B FAHA] LA JAxZePE 15GW TFEE Fofjsta, 156%2Y R
TU Y A ZFE ==, 505 7l
- A 3 2EE AR IE L 3 BRF
« oF 1524 TR Ul ZHE Z=2E AL FEsta, 5077l ol
A Ag FA Fw AA F=
- AT 4 FFYRA AFAA 7= L ZFYA LRI}
« FFAUA JASAAE FF3ta, A& A FHE A8l IS A= A

2 s pelUiA 83 AY FAY T4 29
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- A M(2016): B WES AL bgHolT BEHolW HANHL A &

.
HE) TEE A G AUAEY B U B A
& 71BA AGS ATOEA FTUAAY ALbed Ban TN Bl (@)
ol olukAsHE A

Aea A% 7|2 H(2017): BAC 4 2EEE THS et ASL(Eix

=
%) AP BRI NS 2L AV e SANYS A2 FFYO
=
o

(ol

2 BEPOEN FUAAY WAL
del AL oln FAAFNA YL Tk A&T A7 ARI/IE ok
Y olux e BHow 3

C oA ol SE AR (A=) 3FelA WA

Mi-sk-ol g B RFS Bristn JUR TN thisl 95 WA

FH2FEAY Ao B WEQOL): BAL] FHALN I AAAIL &
gH0 % 25T AYAe] hE T ol FAse] AYEER) NLe =
Aeha HAre] AR £4e Tuatn] AU 7]
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A BHoR §

O AAAUA AT dd oA AFEIL = A=e ol 2+

AAAY AR FF2)F3} A £(2012): RPS(Renewable energy portfolio standard) #| =
Aozl gl AR Rt o] g g S ZAsH 500MW ©]/ge] Al

< B3 B AR Al & R AV S-S AAANURE FEEt =
o Fslete AEEA AYANUA Bgo s 7dE + A&
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[£ 2-9] =4 S=E28M 7HEA|

e FTHAFA gz 2 7&
- 7+ A A543 AR =
1.2 100kw™] Tk
1.0 YukR R o] AR|5h= 5 100kWH-E]
0.7 3,000kW = 3} 5K
= © J= SR=M<R o]s
a5 RREE T qns SO
1.0 ol &3t= A% 3,000kW = 7} 5LE]
1.5 A 59 ™ Bfste] A5t ¢
1.0 A7 HAANE B AES AYEeE F¢
5.0 ESSA (sl Fdn] AA) | ‘164, ‘174
0.25 IGCC, F-A7}~
0.5 H7E, mRBA7F2
8, $44F9, vto] eouA, RDF A&, H7|E 7h23}
1.0 A 2H(0x2A B), AVFE HAENE B8 A8e Agss
73
71 et 1.5 Z2A7A vlo]Quj 2~ AAA sAFH(AA ALY 5kmolsh), =<
A A A of| A A
2.0 AZ AR, =HF
2.0 3 4ZH(AAAE skmz), 19
1.0~2.5 A, (YA Mm) H5 3
5.5 ‘151
5.0 ESSAH|(FHAH] AA) ‘161
45 “a7d

¢ 2010 “AANAA] FFFIAE B B +F A=
&

2 53] A on, RPS
o BRAYAE e [ 2-10]7 2o =

[ 2-11]7 22

[# 2-10] & LHMHIS2 500MWO| A4S EHR8H LHMARIK S2H(187) )

TE FT9FA4
SHARAAS|AHG7/HAD | S SE YA, 5, SRdA, AEEA, GREd, 54
57120 AD A A AR;FAL, AL AL
3L bi =Sy 3=
WI7F 2 AR AHL07AD T3], SK E&S, GS EPS, GS1}9], CGNE&&=x ¥

oA A H) 2, I ERA, o259, AT, FEA=ATRY
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[ 2-11] SEeFH[SAHX] & MK JHL-0|S-Ea SEIY AlAH)
HAX | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 °]%
H] &
) 20 | 25 | 30 | 30 | 35 | 40 | 50 | 60 | 70 | 80 | 9.0 10.0
M AR F ARTEY = FLAFEEE 1 AAA AQ) x &FHE(%)
- 39, 20179 % R YFAY] YFEFEEHS Uhe [ 2-12]9F 2
[ 2-12] 2017AE SZ2FAte| o F=a5&
(H$1:MWh)
9= Fa T o FFEF
2017 Bl RO 2,915,892
2017 e aoa | 3,137,560
2017 Elaa | 1,985,550
2017 T A 2,241,674
2017 et al | 2,203,025
2017 S5 A 2,277,079
2017 k= A A -E AL 258,901
2017 h A FA 28,435
2017 SK E&S 188,601
2017 GS EPS 170,292
2017 GS I}4] 87,388
2017 E oA 392,972
2017 CGN&&Z Y 256,502
2017 e o L & A B] 2~ 72,166
2017 o) &2 94,429
2017 of| 23} 173,370
2017 EHA TS 192,303
2017 TEA=gue 367,725
A 17,043,864
- BAuEH AHA(2015): MAZIFHS O th-83t7] s 24 7F HHZ HYE A}
I g RS 3 gAmE AATVE AE S sEluEre] A, 2020 =
7F A the] 30% TS EXEE 2015 19FE sSAEE Jﬂﬂhﬂ% A &Y
stal =
10MWE =RYH MSEHX| 7w 71867 69
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222 dlie] M H H-M=

O AAl A= Z7] g8 AuAAYde EfstaL 1o, sl A 3 g5 A
A, §-A=7F gefsiA rkaEo s

l

O 2015\ 1957)0] FAR A FBAL AWLA ke AL IS A
& ooldA AA @EE a7e EUE Fel1$Ae) FE4 48 s, BU
2k 2708 oA ekl e AA

(1) EU
O 1997'd EUS] A=A AH 7]z A3 5T H /\}‘337415“3“*1% 2+
- 201017k EUS] HFAUA 4H] T ABAUA v &S 12%71A] &=
O 23 AIZt B2k EUE ARAAA 73S H2 02 2050074 80~90% =47k &
ALS ExE 44 %(Scarlat et al., 2015)
- EU 91 =7bE2 2020 Aol A Fxe} A <zt 75 HIEE Sk
NREAPs(National Renewable Energy Action Plans)oll 280, 2z} 3|Ud=ESo] Zt=

Aol AsA WA TEHL B

O EUE 2008112020 7]%-llidA] 97]#](2020 Climate and Energy Package)’S | &g}
S 82X, 2020974 A7 wiEH A4S, AU A HiE g, dUyAEE AN
5 370 %9 20-20-20 xS HAT

A

-

- EUE U UXEW(Energy Union) 5 943l 71549l 3713 =5
o Ware ANsson, AdUA AY Hris ZE AW o] A4l HHRo}
F sz weis %o

O HE3h EUE ‘2030 713 ollU x| 23|99 =(2030 Climate and Energy Policy Framework)’
E 2]€(2014.10€9)3}, 35 2030d A A WS A A S

- & ZYAHIE 2020 71N A] B 7R ] ARG A Aol A Bl ol g



2030Y EEXE HAASFoU, 202009 EFol= i)

T =

O EU H39U3]= 2008 HE Zt 3|d=o] AFAA AFe ‘&
o] =g}l (Environmental Aid Guidelines, EAG)’3)< #8351 =
- EU 3=0] A=o] AANHA Ex oldha sl HAFA
g A3, AR T AAES A 2 3 Aol A FY

=

7t HAzolA WA 74

_1::',
ftlo
)
aly
)
o
f
>,
Ogl_g

il

- XH*&OHHX] AEA L] oF 80%7} A XFHR] UA| Z(FIT), =2Q05A]| S(green certificate,

TR (operatmg aid)2] FEIZ AFH A
- lﬂ%ur, Pt AREA Do g ZAF B2sHA, 24 A=A HEAE
Ao 1

de Wkge /\I%Wl‘igl Z2EHQ] AYAE Ae da

O EUSY slgoliA] R&D T2 A3 53 2
- NER300 programme: Zfo|UA] 37.42 mil. Euro(%F 486.5% )
IZAE G2 A]4)

AL 1zt BA g/l

- EU Horizon 2020 programme : 201458 2016%d dA|7}A] sl g 2] R&DoY 66 mil.
Euro(SF 85891 %) o4 A 9. 2016W = <f4F2 18.5 mil. Euro(2F 2409 9)o] 3=

2) =

O 9= AHH¥+= 2013 Electricity Market Reform(EMR) A =5 A 33} CfD(Contract

for Difference) 3ZZ 178, Capacity auctions,
Carbon Price Floor(CPF)oll thgk #A1%Q] H&ES Y

Emission Performance Standard(EPS),

- CiDE Aga Ao HlgE S8a 174 AR AL w=38t7] AT

2o Z WAL} AR H2] 3| AKLow Carbon Contracts

-
3= AlokE Fal o 7<47‘<} & F33E Akl wet dxAte] E3E Haskehe o
HOR 159zt AekE fAE + U=

O Y= AYR|&7]FHSH(Department of Energy & Climate Change)©l
Energy Strategy 2009+ 202013 7}A] Z{ Aol A] H]|F-2 15%7}A]
(1% 2-40] #=)

10MWS Z=RWUH AISCIX

Company) Ztol] iﬂ@

| .

| 5] A)283%} Renewable

ol T} A
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- P2 2008 7] W38 F(Climate Change Act)S &3l 2050d7kA] 247t W&
< 1990 FEY 80%HAl FHAadte TEY e HRE Al
- F=Y =7HE Bx
» 20307hA] 750 WRFEQ] ®a H7h 202087HA] A AR AMEEF] 10% A H
20~30% 72 4 A7 1009 £ FAZ AR okl oF 50%H7He] dAtg
A =
- 20201 15% A A Y BERE 2487 AT =9 AluE] (UK Gov., 2009)
« AEFa T oF 30%E AAANUAZTE FH(117 TWh)
« 12% & 8(72 TWh)
« 10% ©]% <8(49 TWh)

The size of the challenge — a potential scenario to reach 15% renewable

energy by 2020

250

200 —

150 —

TWh

100
50
0
2008 2020 2020
{current policies) (new policies)

Electricity M Transport M Heat

Source: Energy Trends June 2009 and DECC internal analysis

(212 2-40] zHHol|lLAX] JHE HA g #H3}



O I AYAHA O 2= FIT(feed-in tariffs) A== A3 vl 9low, A=A 7
i =715 ]3] ROCs(Renewable Obligation Certificates)S W&
- WA HE3 ROCs B S B3 7S &Y= &
- Renewables obligation(RO) Xﬂ‘:—“— 201738 Z25 9 CfD Aoz WA

- ROC= MWhE &gEH, B, 71&ev] 8, AR ot 1 ghol 2489, A
7} 20103 R EE AR 3d SIS 582 FITs AFo] 5BMW E=+= 11 o]she] 1t

Ao g WHASLS FITs == ROs A% F 3hUES Add 91%
- 20173 7], =¥(1.8 ROC/MWh), %75 ROC/MWh), 1}2(5ROC/MWh)<
o [¥ 2-13]& F=r9] ROCs 7}=5%] 2 CfD strike prices A3 =2A ZF9 7
T, 30MWE-Z tisll 5 ROCE A-&3tH, F7+&%] s+ 2 ROCsE F7}
Z1-8-3HUK Gov., 2017)

L

[E 2-13] ¥=2| ROCs 7I=x| ! CfD strike price

=7} =
ROCs(ROC/MWh) CfD(2/MWh)
TE
7FE A o 7 W 2 =
g5 1.8 152,250
=9 18 (17d71%) i
5 5 435,000

- 20217224 A E tisfA CDO THAARAAFT] 75, [E 2-14]0A4 B
= Hle} o], ZFE 300£/MWh(3H3} 435,0009), 33532 1056/MWh(3H3} 152,250
), 92L& 3106/MWh(3H3} 449,5009). 971A, 1 £ & 1,4509 A&

10MWE =RFEH 4SHEX| i 7[=AHFy 75



K_losr\ A=Y

£ CHCLAA BT B P D

[ 2-14] F=2| CD Strike prices(£/MWh)

Ofishore wind 105 100
Advanced conversion technologies (with or without CHP) 125 115
Advanced conversion technologies (with or without CHP) 140 135
Dedicated biomass with CHP 115 115
Wave 310 300
Tidal stream 300 295

O o] o= 7]Fwsloldy, A= A, QAR o9& A7) 98] vidA
H Energy Act 2004 A =7} A= A=

3) Autt

o AUtk A AR, 104F 2T A AL FFE FHY DF FrtelH, X
A AR APHRE TR AP

- Auths AL UA FE, S TE3 Sae Y e nae

O 2011d =7} g dA] A 2eds £Hsa 2020d7H2] 250MW, 20303 7HA)
2GW Skl U A (=T, 7Y, 9 5) MY Z2AES Y
- w7HA AR A el A] RS Yststal A el A] A Ate A

= 24
O 2015'd Nova Scotia FANAE s A] M AF 2 FAHS &

- o] AL 20179 AR dHoZ sFelix] AL T ole] hiF &7} i

A2 B AT A29e BEE FAHD IS

76 | a=szaa e



O FORCE: 7HuUthe] izl =/Fdd AFSAFHo R o|3o 5719 HRl A2 AL

(F 22MW)7} 201613 F-E] 1537 274 & F JAES $AF(OES, 2017)
- ol o] AL A= 1517t Developmental FIT A =5 %3 37.5~57.5 cents/kWh)<2]

AAEBE W5
* Minas Tidal Limited Partnership(4MW)
* Black Rock Tidal Power(5MW)
* Atlantis Operations Canada(4.5MW)
* Cape Sharp Tidal Venture(4dMW, 2MWx2turbines)

* DP Energy(4.5MW)

o Muttel AT, A AE Ao AR 29 Z2 o o xgHM, I}
Aoz 3ol R&Do| 2010d3E <F C =

ada $5
o, AWAR= HEE g 2G TZAEE Y31 A

(4) ZTFA

O ZF2o A= 201539 2030W@7HA] A8 F 40%E AR Z thA|Sk= Energy
AC'[TE‘ 'l‘]:l

- 20163 200~2000MW-F&.2] &l ol =] &3 7S 93 AFHA AldS 3. =

=
Sk skl A B3t Al (Marine Spatial Planning)g 3 %

- AT} 5 YPAARE Passtel TRAE AWS TH43} G

O The Normandie Hydro tidal turbine pilot farm project(14MW, 7 OpenHydro Z®F7
ER)7E 208 &9 At A A4 dAO s

O 2016A%5-E| FIT AI=7F AlAYHM € 173IMWhE EA9
O #MFNA AL 7IFrtEE AT F7F FF 7159 YubAd ZH 2 Investment

for Future ProgrammeE &3l ©]F°]x™ ADEME(Environment and Energy Agency)¥}
ANR(National Research Agency)> ©] H=Z #&]g
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O U AAAAA S E Hx= 5#7} AA e oA 7 T2 ZRHOF
1 8+5l+="Energiewende’ 8 # S 2010WFE FX sl A

- 59U ARE 2022@71K] 4A@AIEL] AW FAE ERE YA S dAFeR
ZA(ZF 1770 5, 201139 87], 20153 17]9] YA 71s FA)

- EG, 7L UAT Ao AAN A ¥F ZEE 202597HA] 40~45%F 3
3o, FuidE &5 A9 2 AT A=} E}Oﬁ& HzZ AEE &How
=Yskal la(alel, 2017)

6) =

O T2 2016'd0l 2030\ d71A] o= AF Z2AE 7%=} supply chain 748
E ¥ 2 3= 2016-2030137F oA S Hf& ABAS THIA =
- 132} kol q A 7 513 A E(2016~2020)S FH3H 20203 7FA] 50MWH 3l &Fol)

Ux 4% ZEAES 2EE 3

« <= State Oceanic Administration(SOA)°l A= 3H oz 7S 918k 133+ 5@
AGE &3l /MY afFolix] 4AFsdES A4S AgS 4 5

O 2016 AN AZS A3 58 AYZE 1WSFPMRE)S 7 %X]7} SOAC] 23
3t
- B2 A A= 7l=o] A%, A3}, i i,

FQ
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O 20164, SFPI\/IRE(SpeciaI Funding Plan for Marine Renewable Energy)ell 23l 671 ==
2 98, =FuA AdEA2=HNE S)o RMB 100 million
oA ito] AQDHAES, =3 20103 FE s oA RD&De 2F RMB 1 bn(1,7002] %)
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O =78 %

i

[E 2-15] =271 =Jo|X| i =27} X2t

A=A T FE =7F A= e [ 2-15]9F 2=

=27} =% A 7} A% == 49 A
250MW/(2020'3)/ .
Canada 2GW(20301) &R 7 229
_ AR 71EMES 93 2 A A ¥ (2016-2030)
China SOMW(2020) SR e AF 137 5714 9(2016-20)
A7) LS AT OES olyA R A&
France 200~2,000MW o] A Aol EE 4
Ireland - 3 oA A ol A 2] 7} 1A & (OREDP)
Japan - g Foll g x| ol #k 22} 71 EAH
Portugal - R APgAT 2w
Spain 100MW(2020) 21 AT A AT A E2011-2020
Korea - sl FoAd = S471 70 EA 22015-2025
Sweden - 2015 =7bel GFoll Al A=
UK . A Aol 2] A 2K Renewable Energy Strategy) 2009
USA : sloF 9 g ol 43 =7HH (R (2016)
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[ 2-16] =71 sl X| HF X H2H =&
=7} =R o A
Belaium Tradable Green Zyzrol A Aol st BEHS 53 AYFFE €/MWh
g Certificates(TGC) | & A Yst= A=
Feeduin Tariffs Nova Scotia®l|A] 500kW ©]d2o] ZZAEo HZ3} o] H|S&S
Canada (at provincial level) AE Z2AE BRIF AZtolUA] ikl whet $385/MWh
P ~$575/MWhE 283}
_ _ 20163 5Y7A] sfeFog Ao thsiA Feed-In Tariff-S 173
Feed-in Tariffs + L } N . - —
France s and | €EIMWh=Z 3§} T3k HZEF3 4% gEo] ZZEEYF] =
A AT oyt sz Aol M8,
ireland Feed-in Tariffs 30MWolste] s Felld A (e, 2/) TAHESE AE 9 dF
(under development) | ol th3ate] €260/MWh X =] A
Japan Feed-in Tariffs EE AR oS A Feed-in tariffs7} 2832
REC 7}&A7F ALEIL lom, ZFA|A disfis= 2.0
Korea RPS and REC REC/} 263
Feed-in Tariffs with N
eed-in 1artis W 1 ofps o) strike prices= 2021/220) A X ¥= ZFo|A o) o
UK Contracts for A £300/MWhe)
Difference(CfDs) v
USA Tax Credit A production tax credit(PTC)= AANUHA] AlAde] Ayt

oAt Ale e AT
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23 =2 &
2.3.1 dMIlQ
O EEEF BA& 1004 olF LYH EAE FEo2 A4 B BAsgler, =
Fubd Hoke] l% BF 2 AYIAEE wigo u FEAS DAY
[ 2-17] =& A4 H9
H4DB BT AN
. 1990 ~ @A)
Web of ZA A= A7
eb of Science (201708 71%) FA, A=, dTHA
- ZREA Eoke] FEAAMNE AT YT VIHEE EE(E 2-18] FX)
c AP E & ANAR FHE A8 FATS), FTECKSU), AE(TI), HF(WC)E
71 =g Fog
- ZRUAT FHES BE V&R AT, AN TERE, FHLAANRA, A
AR, 32 Ao(& Aol E3FH), Als AA, dEHSAA], YA, s, H,
Edols, s8AES AlFVeR Adste 4 el 4 79 EE =&
(£ 2-18] =R 2o =224 tiat FAI(TS) 7IHE
) 4 719=
TH = horizontal axis, transvers axis
= tidal current power generation, tidal power, tidal energy, marine hydro kinetic
Z=Z49} 7]
T = .
energy, MHK, tidal stream
A A 2B supporting structure, found_atmn, sgpportor, tldal_tower, sub-st_ructure, tripod,
monopod, monopile, gravity base, gravity structure, jacket
B EAIAAFA supervisory control and data acquisition, SCADA
R A A condition monitoring system, CMS
I %] Ao pitch control(or yaw control), pitch(or yaw), regulation, power regulation,
(& Alol) regulated power
As AA grid-connected / grid / grid connection, national grid
HEASAA] power converter
Al nacelle
T4 watertight
5 damper
EfolE blade
TEAE power train, power transmission
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ok g=A FA il dFEokE AUA R A S (Energy
A([FE 2-19] #=)

CHet A7=20HSU) 7|RIE

& Fuels),

71&v g4 719 =
ouza] W A8 Energy & Fuels
35 Engineering

O EEH =9 #A53F ol2E wdo WA 8l AFE 79t 2RITHS
Zrkste] wEB AL UAY
[E 2-20] =FEL™ 2o} st=X|2M &t H=(T) 7[¥=
71&™ A 7=
== tidal current power generation, tidal power, tidal energy, marine hydro
2 S :
kinetic energy, MHK, tidal stream
O Z=FWA Hof A WFE oUx B ARs =FAAN BAYE Hoke| 3o
MEE B
[ 2-21] =FLH 20} st=X|2M & HFWC) 7=
s 94 719=
vz & A& Energy & Fuels
&3}, Engineering, Aerospace
=3} st Engineering, Chemical
st BEE Engineering, Civil
&3, 7] A=A} Engineering, Electrical & Electronic
&8} A Engineering, Industrial
& A=z Engineering, Manufacturing
&5}, Auk Engineering, Marine
33, s Engineering, Ocean
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(TS=(((horizont* and axis*) or (transvers* and axis*)) and (tidal* and (current* or stream* or
power* or energ*)) or (marin* and hydr* and Kkinetic*) or MHK* or “flow power" or (power
generat*) or hydropower and ((((support* or sub* or gravit*) and structur*) or foundat* or support*
or ((mono* or tri*) and pod*) or tripod* or monopod* or monoil* or (gravit* and base*) or
jacket*) or ((supervisor* and control* and acquisit*) or “SCADA”) or ((condi* and monitor* and
system*) or “CMS”) or ((pitch* or yaw*) and (control* or regula*)) or grid* or convert* or nacell*
or (watertight* or “water tight”) or damper* or blad* or ((power* or driv*) and (train* or
transmi*))) not ((tidal* and (barrag* or rang* or lagoon* or lak*) or vehicl* or wind or solar* or
“wave power” or grid* or nuclear* or organic* or atmosphere or “wave energy” or ‘“core power” or
battery or oil or “waste heat” or “human energy” or brayton or geothermal or cell or cultur* or
“thermal power” or hydrogen or gas*))) and SU=(“Energy & Fuels” or Engineering) and TI=(((tidal*
and (current* or stream* or power* or energ*)) or (marin* and hydr* and Kinetic*) or MHK* or
“flow power” or (power and generat*)) not (tidal* and (barrag* or rang* or lagoon* or lak*)))) and
WC=("Energy & Fuels” or “Engineering, Aerospace” or “Engineering, Chemical” or “Engineering,
Civil” or “Engineering, Electrical and Electronic” or “Engineering, Industrial” or “Engineering,
Manufacturing” or “Engineering, Marine” or “Engineering, Ocean” or “Computer Science, Artificial
Intelligence” or “Construction & Building Technology” or “Engineering, Multidisciplinary™)
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O (GreAd o9 dR) =7 ok =A8=A0 Renewable Energy”} 7]1ZA+

7}

- T3 g=x A9 107 F 67] dluyA EoF 3IEIHRENEWABLE ENERGY,
APPLIED ENERGY, ENERGY, ENERGIED, IEEE TRANSACTIONS ON SUSTAINABLE
ENERGY, JOURNAL OF RENEWABLE AND SUSTAINABLE ENERGY)

RENEWABLE ENERGY 50
APPLIED ENERGY ] 9
OCEAN ENGINEERING [ ] 9
ENERGY 1] 6
IET RENEWABLE POWER... ] 6
EMERGIES ] 5

o
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IEEE TRANSACTIONS ON..._ ] 5

MARIME TECHNOLOGY SOCIETY.... | 5
EMERGY CONVERSION AND... | 4
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[£ 2-26] ZFLN 7|z SsiEMUY 7IeEFET7I=2)

7€ 4 7=

Z 7, tidal current power generation, tidal power, tidal energy, marine

Zz=49k7 .. .
e hydro kinetic energy, MHK, tidal stream
T = T =, IS, horizontal axis, transvers axis
[ 2-27) ZRUN 7|& Soi2MiA 7E2RUME7|S)
R FEF g4 79Y=

A A F2E, XA, ), 2 o, W&, F2&, supporting
R A F-Z= structure, foundation, supportor, tidal tower, sub-structure, tripod,
monopod, monopile, gravity base, gravity structure, jacket

SREAAR], 58], FA, supervisory control and data

237 A Al o] A
& AN A AFA] acquisition, SCADA

FEN A LA FEfZFAI =], condition monitoring system, CMS

9z, 2, XA o], 2A°], pitch control(or yaw control),

2] Ao . . )
pitch(or yaw), regulation, power regulation, regulated power
z= AE A7 AFAA, 57HAISAY, 578945, AlE ™, grid-connected /
1} 2] ° grid / grid connection, national grid
7 = H 3 X AEHSAX], 218 M power converter
A A nacelle
el 4, 945, watertight
ol 3] @, A7), F217], damper
Egol= Edol=, blade
sHAY FHAL, 59 L, power train, power transmission
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=3 74

(57 =* or (73* NEAR/2 *) or 3=* or W&F=*) or ((horizont* and axis*) or (transvers*
and axis*))) and ((Z7* or (ZF* NEAR/2 ®7*)) or (tidal* and (current* or stream* or power*
or energy*)) or (marin* and hydro* and kinetic*) or MHK* or "flow power" or (power* and
generat*) not (tidal* and (barrag* or rang* or lagoon* or lak*))) and ((((XIA* or F+ZE&* or A|A|
o> or W O* or XAU* or HEE* or XX FZE*) or ((support* or sub* or gravit*) and
structur*) or foundat* or support* or ((mono* or tri*) and pod*) or tripod* or monopod* or
monoil* or (gravit* NEAR/2 base*) or jacket*) or (CONTAINS/5(53*, 7HAl*, Aloj* ZX]*) or
(ZFA1* or Zd11*) and (A o1* or FA|*)) or CONTAINS/5(supervisor*, control*, data*, acquisit*) or
“SCADA”) or (CONTAINS/5(’El*, ZFAI*, Z%]*) or CONTAINS/5(condit*, monitor*, system*) or
“CMS™) or ((JA]* or &%) and Alo1*) or IX|* or &* or (regulat* NEAR/2 power*) or (pitch*
or yaw*) or ((pitch* or yaw*) and control)) or (((Al%&* or AA1*) or CONTAINS/4(=7}*, Z&*
AE*) or AlEH) or ((grid* and connect*) or (nation* and grid*) or grid)) or (CONTAINS/5(Z & *,
HE* AX]*) or (FH* NEAR/A H2E*) or (power* NEAR/4 convert*)) or (W4 or nacell*) or
(5=* or ®<=* or watertight* or “water tight”) or (3H* or A X 7]* or &Z17]* or damper*) or
(Zdol=* or blad*) or ((FE* and AE*) or “&= A or ((power* or driv*) and (train* or
transmi*)))))

- 53 ANAN =25 53 F 195374019l eH A= E Ut o] &
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Rotor

Diameter: 24 m, Sweptarea: 452 m#

Rotor speed: 16 rpm

Power regulation: Active blade pitch regulation

Yawing system
Type: Rudder pitch control
Control type: Passive Active both

Transmission system
Type: Direct drive

Mechanical brake
Tywpe: Hydraulicallyreleased

Generator

Twpe: Permanent Magnet Synchronous Generator (PMSG)
Rated power: 1 MW, “Voltage: TED
Cooling system: Direct to passing sea water

Monitoring system

SCADA system: Server-client
Remote control: Full turbine control

Tower & Substructure
Type of tower: Cylindrical tubular steel
Type of substructure: Grawvity type circular caisson or Tripod

Operational data

Operated current speed: cut-in 1 m/ s, cut-out 4.4 m/s
Rated current speed 2.3 m/Ss

[C12] 5-4] KS200 AFFA
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=3 @FEF0] BFHY 5 BAY 0P S Bolof HEE HE TokA 2

ASE 9

5.3.3 FM EFEA I}

1) 712 7MY 2 Ae as

O # A7+ I0MWE 278 AS5HEA 75 /i m& A8 E4< sk #
olo] Wlo] mME 7t case H AFPAIBOE AES F Y& EHAEYES tHF5t AA
2 BdAd e 248w

- A4 H7l= OES-IEA(Ocean energy systems-International energy agency, 2015) %
JRC(Joint Research Centre, 2016)2] 7]|=& 283l ZFEA A~ YEdFE

20902 Y-S

=

e AAE 24 T3 AS(EF 55 )

2 JRC(Joint Research Centre, 2016)°ll4] A3+ 2010~2030% Alele] Z=F
47 HF Aujo]&E AR 30~40%E FHiste 371A] AUZLLE =&Y
(e}

H([E 5-3] =), AP FS Aulol & that o] =3 HE([3E 54
=

ol

138 | sh=afi2dus s



5-3] =FUM™ A= Techno-economic AX}Z(JCR, 2016)

H

Parameter Unit 2010 2020 2030 2040 2050
Net electrical power MWe 10 10-20 20-30 30-40 50-400
Max. capacity factor % 363 452 47 1 471 500
Avg. capacity factor % 290 330 400 420 450
Technical lifetime Years 20 20 20 20 20
CAPEX reference EUR/kWe 10668 5010 3100 2585 1897
CAPEX low EUR/kWe 9304 3678 3024 2030 1701
CAPEX high EUR/kWe 12281 6834 3400 3262 2454
CAPEX learning rate % 12 12 12 12 12
FOM % of CAPEX 62 65 56 63 49
FOM leaming rate % 3 3 3 3 3
[X 5-4] HU|0|EE0f CIE HAZidrg M= Zot
T du)o]&-E AL ZFH(MWh)
1%t 30% 262,800
2%k 33% 289,080
32t 40% 350,400

He 2

T

[ 5-5] ZAld 24 72 7K H A

=< 1

0t

8 g

O AR 4717k 2020~2045'
22X 717k - 2020~2025(6A7h): AA R AF-AX)(HA) 713t
- 2026~2045: -9 7]7H20)

O REC ©7} 134211 9/REC(RE AT &, 2016W1 B 7]F)

- Case 1: 26,280 MWh(¥ °]-8E 30.0%, 11,871 tCO,/\I)
) - Case 2: 28,908 MWh(¥ o] &5 33.0%, 13,058 tCO,/'d)
RS - Case 3: 35,040 MWh(¥ o] &8 40.0%, 15,828 tCO,/\d)

Co, 743 Wo] | O SMP % 9 REC 7} W& Gt ?‘4%(17 1/, 2018)

- Case 1: 26,280 MWh(% 0] &8 30.0 %, 11.871 tCO/\)
- Case 2: 28,908 MWh(%&O]%% 33.0 %, 13,058 tCO,/d)
- Case 3: 35,040 MWh(3E°]-8& 40.0 %, 15,828 tCO,/I)

CAPEX O 92,8009 vH
O 3,155W T A (FAH] 9] 3.4%)

2

:rL

OPEX - &*]: ETRI 2014, European Commission, pp. 34~36

Sol g O WAZHA e AT FAL

=T - 45% &1, At A=A =3 F2AF] A50x)
7% & O ZE](USD): 1,145W/$(2017. 7. 12. 71=)

10MWS ZREH Ms6x g 71ger | 139
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[Z 5-7] =FLN ASEHX| JHE HX| 2Y H|S
A4 712 W AFY71ZE o] F

e 27

(291 99) -

(aA) 2A @A) A& B AX g&2A
CAPEX - 928 - 928
OPEX - - 631 631
R&D 90 - 90
A 1,649
Lt S ko

O (1¢h SMP ©7} 75.73¥U/kWh, REC ©7} 134,21199/REC(AE A e 4, 20163 He 71F)

- (case 1)

- (case 2)

- (case 3)

- (case 1)

- (case 2)

- (case 3)

A= <l S AZYS AFEHE 20261 HE] 204513 714] 1,808

~
o T
A BT Ao AEHH, o] FAVIAE F4kstH 8652 A T
AEA 2 Qe 2 AT2Fe AAshs 202613 F-E 20453 7H4] 1,990
019 WY Ao w oAaE ol A7} E ket o519 ol B
AEAu 2 Qe 2 ATFe AAshs 202613 F-E 204513 7HA] 2,412
A BT Ao dEHT, o] FAVIAE F4kstH 1,153 A 3T
P % REC 7}53]
AYamz Qe )2 AF2Fe AlFes 202635 H 204513714 1,017
LD Aoz oAgE, o] AV Z Fatstd 496Ul i
AR QI o] AT ARBhe 202619 7H 204549714 1,118
LT Zlom gEH, o]E AATIAZ StetH 545 e s
A= Q19 ol ASED= AAshes 20261358 2045137H4] 1,35591 9
WS o o gHH, o]F AAVIXE SletH 6619 Aol B



= 1 HA
d5 713k ZA
EdE= 2018
5 719 A G5, duletddz2A 8 FEAF
glolg 0 ,
B 4% A50%
A7 SMP 75.73<4/kWh AEAH A 7=, 20163 HF 7|+
(12h
712 REC ©7} 134,2119/REC AfAY L&, 20161 HF 7]E
7H gk
7 el = #H(REC) 2.0REC ZFAEA 7HEA
=71 A7 REC 7HeA AT 7%
A ZJ.- BE:] . ~ . 2 1
291 |2+ SMP | 81.74~127.71¥/kWh 20184 39
e REC ©7F | 97.030-264609/REC | o1 o/1€T® REC 7heA] A7 71,
20183 3¥

O 48 HE

- 20200 5H 203337k T ZRAE H]go|A AHAuH§-S e A |

3} 2e

[E 5-0] MAMATO) 5012 X2UB HA| 2288

T8 18k 2%t

(391 949 RO A 715 221§ A7
case 1 546.9 520.4 825.5 687.3
case 2 474.5 476.5 781.0 660.2
case 3 305.7 374.2 677.2 596.9

(3) <) (benefit)y 53



ZFd R&D ZFdds 5
AL}

o T = = =3 X R&D 71o& X R&Z JE et
53 7o e e

- O SRE AF JEdd mE HYL ZlesuFT] 58 sty EHE +ds

AZrabe 2033744 gdo® 34
O R&D Al 7| 7)o &

- 27 2AE 9% R&D AT F FT R&D HA JE Jge AEVF 2AE
E3) 35.2%= 283}

O R&D FA|9] A3t A5E
¥ R&D ATHAL] AYE HFES A7 ZAFE F6 87.5%F A8

- =S| e AT NERE ALY cHElE A=A ZEAH A B

9 A A5 F @8-S FAE] AT 71Fo|AE, AFSF AZE A FE(SRTP), A
T2 dle 52 15l 45%S 2837 AAHF, 2018)

O (MY F4) H A=2d F2 7HEge 283 23 IoMWE =72 ASEA

10MWE =R MSHX| i 718697 ) 143
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607.6
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O CO, #=ol digh el FHE 47|13 &<t
e mBiete] HelRAsITHE
O ¥7t CO, =T
- R G 7]Hkek A3 CO2 = 4=
[ 5-14] LHE2f0f| 7|Htst 247F CO, =T

TE(B T 8E)

CO, ZZFFH(ICO/)

Case 1(30.0%) 26,280 MWh 11,871 tCO/A
Case 2(33.0%) 28,908 MWh 13,058 tCO,/d
Case 3(40.0%) 35,040 MWh 15,828 tCO,/d

o] AkslekA o] AL3] 2 H]-8(SSC, Social Cost of Carbon)
o|4k3lEEA 1Eo] 7] Fo & wiEH S o AV 1d

B9k Bl s BAA

H] &

« 7ol R IR AE T A A3k AAFetEt ARRZIAE el =
= HE& 5 =%

« OB ERA 1ES EY AT de BAA o=

= A (EPA) ol SHA R ottatEa 18 £8F = AR HIE= 379

HE A=

KEIIH s vZate] AA7FRE B
42970902 &=

@ale] T olstseia WEe] AHA WEe

H dlo]x 7]&H3KNature Climate Change)oll & H AT =Fo w=d, =g
H|-g-o] 220222 SVt Z o2 ZAEO Iy HolHE WHEARNS At ALE
SCC A7} S48 247t~ 15 AA s A3sie 2ol Ta
(HY F4) #H & F8 HAFGS A8% 29, Mwg Z2FEA A5
A FZF9 BaulE A7 WL [® 5-15] 9 2

10MWEZ =RUM ASEX] i 7=l § 145



CO, =¥ (29l: d4)
TE(BH0]E&8)
ZsH & A7}
Case 1(30.0%) 1106.3 460.5
Case 2(33.0%) 1217.0 506.5
Case 3(40.0%) 1475.1 613.9

1H(S: 99
T HI
case 1 case 2 case 3

H] & 520.4 476.5 374.2 A 7FA] 7]155(2020~2033)
# Al AES 53 HI17EA]
HeJ . . . Bl

2] | 371.8 409.0 495.8 F2(2026-2033)

H 460.5 506.5 613.9 CO, 7= & 3H2026~2045'F)
= He 832.3 915.5 1,109.7 He |+ #HY |

B/C 1.60 1.92 2.97 F He /&

146 | sh=afi2dus s



[ 5-17] =F X2 S8 24X mel(29h)
22K 99
T2 Ml
case 1 case 2 case 3
H| -8 687.3 660.2 596.9 HAY7HA] 7155(2020~2033)
_ Al &S 53 BI17HA]
HeJ . . . il
=1 231.7 254.9 309.0 4 2(2026-203311)
H 460.5 506.5 613.9 CO, 7= F3H2026~2045)
F He 692.2 761.4 922.9 Hel | + #HY 1
B/C 1.01 1.15 1.55 F HeY [/ 1E
O & AYY AAAE B4 A M2 AFSEEE case 28 7|FOE [E 5-18]90 Al
A5 =
[ 5-18] 25 E=(case 2)
- Z:]_ Al }_l\l_ =N
ArdH] 33 1] &(CAPEX+OPEX+R&D) B FRHE
(case 3)
TE
(29: 99 e 24 e 24
CAPEX| OPEX | R&D | 44 19F | 2%t
CAPEX| OPEX |R&D| 44| 19F | 29t
SHA| 928.0 | 631.0 | 90.0 |1,649.0| 725.7 | 301.6 | 80.1 |1,107.4(1,989.7/1,118.2| 951.0 | 545.2
2020 40.0 | 40.0 36.6 | 36.6
(1HA)
A
2021 40.0 | 40.0 35.1| 35.1
2022 | 18.0 10.0 | 28.0 | 15.1 84 | 235
(29-A) | 2023 | 402.0 402.0 | 322.6 322.6
A &}
A | 2024 | 446.0 446.0 | 3425 342.5
2025 | 62.0 62.0 | 45.6 45.6
10MWE =S ASCEx| s 7|z | 147



4

KIOST™ g=3dgaebiss
[ 5-18] 825 EH(case 2) A=
AdH] 374 H]-&(CAPEX+OPEX+R&D) SRR sk
2B (case 3)
(&9 949) e A & AHE
CAPEX| OPEX | R&D | 44 19k | 2%t
CAPEX| OPEX |R&D| &4 19F | 2%¢

2026 31.6 316 22.2 22.2 | 995 | 68.0 | 70.0 | 47.8
2027 316 316 21.2 21.2 | 99.5 | 654 | 66.9 | 44.0
2028 31.6 316 20.3 20.3 | 995 | 63.5 | 64.1 | 40.9
2029 316 316 19.4 19.4 | 99.5 | 61.7 | 61.3 | 38.0
2030 316 316 18.6 18.6 | 99.5 | 60.4 | 58.7 | 35.6
2031 316 316 17.8 17.8 | 99.5 | 59.2 | 56.1 | 33.4
2032 316 316 17.0 17.0 | 99.5 | 56.2 | 53.7 | 30.3
2033 316 316 16.3 16.3 | 99.5 | 55.0 | 51.4 | 28.4
2034 316 316 15.6 15.6 | 99.5 | 53.1 | 49.2 | 26.3

Ag | 2035 316 316 14.9 149 | 995 | 52.2 | 47.1 | 24.7

=321 2036 316 316 14.3 14.3 | 995 | 51.9 | 45.0 | 235
2037 316 316 13.7 13.7 | 99.5 | 51.7 | 43.1 | 22.4
2038 316 316 13.1 13.1 | 995 | 51.7 | 41.3 | 21.4
2039 316 316 12.5 12.5 | 99.5 | 51.7 | 39.5 | 20.5
2040 316 316 12.0 12.0 | 99.5 | 51.9 | 37.8 | 19.7
2041 316 316 11.5 11.5 | 99.5 | 52.1 | 36.1 | 18.9
2042 316 316 11.0 11.0 | 99.5 | 52.4 | 34.6 | 18.2
2043 316 316 10.5 10.5 | 99.5 | 52.8 | 33.1 | 17.6
2044 316 316 10.0 10.0 | 99.5 | 53.3 | 31.7 | 17.0
2045 31.6 316 9.6 9.6 | 99.5 | 53.9 | 30.3 | 16.4

148 | sz nety|as



5.3.4 WS & EFEA W}
O A ERCE

2 B8] 347t 73 AE gl B8 549 &0 QoA AFIFA A A
AR Y vl tate ALEHE AIFYWL Ww-EA a}oq AGFA 2] A7
gefel oW FFE v1A AAkE B A%

O AFAE B4 AAL 24 2st] AdF JQ] Bdol va dgEE 3¢
= B/C(T /ML) HIEo] 1.0 o)<l AFY Y
o

oﬂ,
é
b
p‘ll‘
2
o
e
2
x
rr
P
to
ro
)

- 2REA Az yedss A E4Y LT 20d e siglen, B AN
2 B3 HrbdAM e 2RTde 3 S E A 19k 2%+ F 6719 caseoll
sl &4e Xyt

- AR BAE #7718 JEEE [#& 520100 AAERoH, AAL Bl e Tt
ol Ale= F7t2 139

T case 1 case 2 case 3
1<k 1.60 1.92 597
27k 1.01 1.15 155

10MWE =R MSEHX| JjE 7181697 | 149



KIOSTN #asigaieniss

(£ 5-20] ;7d 24 7|2 71

al

~
A

A
Hn__l_

)

=]
U

ﬁl

o g

A 7|3k

1=}
hu

O 7Z3A14d #4713t 2020~20451
- 2020~20251 (61 7h): AA 9 AF-AX(AA) 713t
- 2026~2045'3: &4 7]7H209)

O REC ©7} 13421194/REC(AE A 4, 201610 HF 7]5F)

- Case 1:
- Case 2:
- Case 3:

(o))

oA e

1o

+

&)

26,280 MWh(E o] €& 30.0%, 11,871 tCO,/'d)
28,908 MWh( o] && 33.0%, 13,058 tCO,/'d)
35,040 MWh(¥E °]-8-& 40.0%, 15,828 tCO,/\d)

O SMP ¥
- Case 1:
- Case 2:
- Case 3:

Co, &= ¢

REC 7FsAlol W& @t 2 &(x7141, 2018)

26,280 MWh(38 T °]-8& 30.0%, 11,871 tCO,/\d)
28,908 MWh(¥3 o] &E 33.0%, 13,058 tCO,/'d)
35,040 MWh(¥ o] &E& 40.0%, 15,828 tCO,/\d)

CAPEX

O 92,8009 7l

OPEX

O 3,155¥ vk (F-2}H] 9] 3.4%)
- =4: ETRI 2014, European Commission, pp. 34~36

s
S,

o

O AR gtk 97 &
- 45% A1 AZE, dvletEd A 3 FEAH A50x)

A=

AAH o3 FAHE A&
o] o]3tE= 10% A& H&
3 0005+ (2 A 7kA1 & Al H)oll 291

O WHAAM # FHIA T 28
- WA A =94 2
AN EFTY 2999 o]
23 FHe 20%2] Al
- FRA: HAAM ] 10%

il E
EFF9 29
e 2
& Hg
A

M\
ok
o

O Z(USD): 1,145%/$(2017. 7. 12. 7]1%)

@ AFH B4 2z

O & Aol A4 #4 A= REC ©7HE 7IEoRE 19k} 29ko] 747} [ 5-24]%}
Eiass

O s oA Gatdrie] WHE

Q

H] -8

s

- BIC

[elNe)

150

[e)

=P )

T4 T4

WE AR BAS S

H]g-0] 0.793 ~ 1.258% U e}
A= AT} 19F9] case 29} case 394 1.0XHT & Fhol
FAdo] ol



(£ 5-21] Aj7d &AM &t

1% 29t
A H] 3L
1?'_.0 c o_]
( ‘r] Qh‘) case 1 case 2 case 3 case 1 case 2 case 3
A 7}HA]

Hl &
1-8 11339 | 11339 | 11339 | 11339 | 11339 | 11339 71 2(2020~2045'3)

e 1069.5 | 11765 | 1426.0 | 9704 898.7 1089.3 | F7H7HA| %‘é‘ +CO;

B/C 0.943 1.038 1.258 0.856 0.793 0.961 F HY / H&

5.3.5 #5323} 0|{X|H|2(LCOE, Levelized Cost of Energy)

(1) LCOES] 4+& Wy

O 531§ 2=L IEA(International Energy Agency)e] =ES 28319 2(0ES- IEA,
2015)
- T 3HHE A=A
OPEX,
CAPEX + Z
=1 (1+7r)

LCOFE =

AEP,

- ¢] 2]ollA CAPEX = Capital expenditures 712dH]-&
OPEXt = Operational expenditures(at year t) <% H]

- AEPt = Annual electricity production(at year t) <37+ akak

r = discount rate &2l&

n = Lifetime of the system W&7] <4

t = Year from start of project ZFUA7] &4 717

10MWE =FEH H4SEX| i 7[=HT7 | 151
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[ 5-22] LCOE &H&E2 <let 7|2 71 3 A8 H
T % F8 U
O 204
=9 713 - OES-IEA International LCOE for ocean energy technologies, 2015 7]

- JRC Ocean Energy Status Report, 2016 7]

O A& 10MW
O AEAE A7) Htol g5 ME 47 caseZ 713

o
° Case 1(30.0%) 26,280MWh, Case 2(33.0%) 28,908MWh,
Case 3(40.0%) 35,040MWh
O 1Adn]-g: 9289
H]-& O Az /A HE: 1A/ A(FAHY 3.4%)
- =4: ETRI 2014, European Commission, pp34 ~ 36
Eiadl-y O 45% A E(1FAGF, ARetGH A 3 FHAZ] A50%)

O case’® ¢53HE 4AEH Ades AL 45%00A 288 ~ 384YU/KWHhOE o S,
FA A3 [ 5-23]9 2

(case 1) T53HH]&S 218 45%9 10% N4 ZH2Z; 3844/kWhet 52299/kWhZ At
=55

(case 2) T53HH]ES 218 45%9t 10%NA ZH2; 349U/kWhet 4759/kKWhZE A
=5 A=

(case 3) T53HH]ES 218 45%9t 10%NA ZHz; 288U/kwWhet 392/kWhZE At

=H A=

H Z2FEd AEse MEAY BaARF e e, 2017) Aol A A

AL 100MWTE =733 7]2] LCOE= 58~576¥U/KkWho. 2 dZE¢lom, X Z2Q1

ATNEES BT S<FaF(learning effect) e} T EEHATA] AHS T3 AlAH9 &
<

| ExH] A 9F 2FA4A 9 LCOE o] wold Aoz oAdr

ofo
off
(o
fru
=

OEs-lEA(2015)°1W—t— A3} TAlo] =FEA LCOES 148~320¥/kWhe. 2 o =3}
Rom, FHe 4% 20161d 7Eo 2 ZFUH LCOEE 709~932U/KWhE 4AHZE3}
N, BEAZRI &%‘%}d 83} A7]ol= 1979/KWhE 74T Ao o =3

(JRC Ocean Energy Status Report, 2016)

o

e
=]

.\
50

.

10MWE =R MSHX| L 718697 ) 153



Klogr\ = Bl -1 B2l

S —

[E 5-23] LCOE M= Z 1t

53829 d/kwh)

Bt o] &E (%)
T20&(4.5%) 0 &(10.0%)

Case 1(30.0%) 384 522

Case 2(33.0%) 349 475

Case 3(40.0%) 288 392
5.3.6 3MA moig=a
O & Ae®E I8 7diEs s [F 5-24] A A, I

i, A& 5o BA4 AFEaHE EF

77N o
o133k A A =
383

oy v 2o ks
[& 5-24] o= FHPV)
=]
T 19t 20k
(29): 29)
case 1 864.5 495.6
case 2 951.0 545.2
case 3 1,152.7 660.9
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e
juked

T A EF A
AL A S 2.286
WA A 52. EEA 0.732
G5 A S /109) 10.8

QF 247} case 37MolW, 11 AIE [3E 5-26]3 [E 5-27]° AAIF

(1%F-case 1) A== wEde] A= 86459 U™, ol thek ik 3
FE3E 1,976.39 ¢, FUPHA 5 dg3 a3+ 632899, & S+ 9337
e

EREH ASEA AR Q&) TAE Ao qidEs el AT 1t
2
}

(1%h-case 2) ddHE WEAe] AAZAE 95109 HolH, ofd o A =
= 21739909, FUPHAE dFEIE 69619, LE&FE A 1

od ol
o

=
[‘%n

case 4) AH =+ wjEY2] HAIIA = 1,152.7¢ o]y, o] thdt AY
a3+ 2582199, FUPHA A 3839 82689 Y, &+ a3

(2%t-case 2) 1= = mEHe] FAFA= 49569 eI, ool ek ALHT o
HEI}E 1133099, ¥/ o3 a0 362899, 18R/ &3 5353
ke

(2%t-case 3) NGEH= M= AAVIAI= 545.2¢dolH, ofd Wik Atk vt

(2%%-case 4) A== wEHe] HAVIA = 660.9¢HolH, o]

TAEIE 558494, BUPMA A Bgade 178899, 1 & &9 2638
ke



[E 5-26] S Al¥S S8 MARY RIVIKIRY T8RL1H
. e RAFEAS | BN R SRR
" (14 (<) CE) ()
case 1 864.5 1,976.3 632.8 933.7
case 2 951.0 2,173.9 696.1 1,027.0
case 3 1,152.7 2,582.1 826.8 1,244.9
[E 527 S A2 S5 MARY SUDIXIRY T8RLEH
. LES HAREASE | REY | ngew
" (214) (214) (e14) (%)
case 1 495.6 1,133.0 362.8 535.3
case 2 545.2 1,246.3 399.1 588.8
case 3 660.9 558.4 178.8 263.8
156 J st=aliguisty|s
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% 1. ZNN DE3En
O (1%F-case 1) AF= = mEH e AR = 426.09LolH, oo gk A4 dg

S3h= 97399 9, FUPHARE dEadhs 311999, A8 E3h= 460199

[E-Al S Al 19} case 19| AARL SIDIXRY DERL A4

XS A AL S-u}A 2 L= %) -0-1}o
it an | ey | Cew | =)
2026 31.3 71.6 22.9 33.8
2027 30.0 68.6 22.0 32.4
2028 28.7 65.6 21.0 31.0
2029 275 62.8 20.1 29.7
2030 26.3 60.1 19.2 28.4
2031 25.2 57.5 18.4 27.2
2032 24.1 55.0 17.6 26.0
2033 23.0 52.6 16.9 24.9
2034 22.0 50.4 16.1 23.8
2035 21.1 48.2 154 22.8
2036 20.2 46.1 14.8 21.8
2037 19.3 44.1 141 20.9
2038 185 42.2 135 20.0
2039 17.7 40.4 12.9 19.1
2040 16.9 38.7 12.4 18.3
2041 16.2 37.0 11.9 175
2042 155 354 11.3 16.7
2043 14.8 33.9 10.9 16.0
2044 14.2 324 10.4 15.3
2045 13.6 31.0 9.9 14.7
e 426.0 973.9 311.9 460.1
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KIOSI"\ HED L

O (1%k-case 2) A3 == wlEH e AA)7IA= 864.59 U], o]o gt AJ4HF-
A9E 19763949, A g aE9E 63289, & a39E 9337

[Z£ B] & At 12+- case 29| YiMRY FIPVIX|RE DS8FREY AT

2w L ALREAS | WA |
(9) (19) CE)
2026 63.6 145.4 46.6 68.7
2027 60.9 139.1 44.5 65.7
2028 58.2 133.1 42.6 62.9
2029 55.7 127.4 40.8 60.2
2030 53.3 121.9 39.0 57.6
2031 51.0 116.7 37.4 55.1
2032 48.8 111.6 35.7 52.7
2033 46.7 106.8 34.2 50.5
2034 447 102.2 32.7 48.3
2035 42.8 97.8 31.3 46.2
2036 41.0 93.6 30.0 44.2
2037 39.2 89.6 28.7 42.3
2038 37.5 85.7 27.5 40.5
2039 35.9 82.0 26.3 38.8
2040 34.3 78.5 25.1 37.1
2041 32.9 75.1 241 35.5
2042 31.4 71.9 23.0 34.0
2043 30.1 68.8 22.0 32.5
2044 28.8 65.8 21.1 31.1
2045 27.6 63.0 20.2 29.8
27 864.5 1,976.3 632.8 933.7

172 § &xolignsy|=3



O (1%k-case 3) == M=He AA7EA= 951.09 HolH, o] of

B3 2173999, FUPIARE BEa e 696.19Y, 8 1,027.
[ C] S Al 12t- case 32| MMFL FIPIKRE 1EFL A+
2w L E- Ay 2 A S HIL7A] f oy 2.858()
(44) (1) (1)

2026 70.0 159.9 51.2 75.6
2027 66.9 153.0 49.0 72.3
2028 64.1 146.4 46.9 69.2
2029 61.3 140.1 44.9 66.2
2030 58.7 134.1 42.9 63.4
2031 56.1 1283 41.1 60.6
2032 53.7 122.8 39.3 58.0
2033 51.4 1175 37.6 55.5
2034 49.2 1125 36.0 53.1
2035 47.1 107.6 345 50.8
2036 45.0 103.0 33.0 48.7
2037 43.1 985 31.6 46.6
2038 41.3 94.3 30.2 44.6
2039 395 90.2 28.9 42.6
2040 378 86.4 27.7 40.8
2041 36.1 82.6 26.5 39.0
2042 34.6 79.1 25.3 37.4
2043 33.1 75.7 24.2 35.8
2044 31.7 72.4 23.2 34.2
2045 30.3 69.3 22.2 32.7
| 951.0 2,173.9 696.1 1,027.0

10MW



O (1%t-case 4) A== W&o AA7IA= 1,152.79dolH, o]o] thgk A4k
H=1

FEIE 2582199, PR FE89E 826899, 1&/T &
s

[££ D] & At 12 case 49| YMFRE FIPIX|IFE DEFE A=+

2w L ALREAS | RS |
(<14) (44) (249)
2026 84.8 193.8 62.1 91.6
2027 81.1 185.5 59.4 87.6
2028 77.7 177.5 56.8 83.9
2029 74.3 169.9 54.4 80.3
2030 71.1 162.6 52.1 76.8
2031 68.0 155.6 49.8 73.5
2032 65.1 148.9 47.7 70.3
2033 62.3 142.4 45.6 67.3
2034 59.6 136.3 43.6 64.4
2035 57.1 130.4 41.8 61.6
2036 54.6 124.8 40.0 59.0
2037 52.3 1194 38.2 56.4
2038 50.0 114.3 36.6 54.0
2039 47.8 109.4 35.0 51.7
2040 45.8 104.7 33.5 49.5
2041 43.8 100.2 32.1 47.3
2042 41.9 95.9 30.7 45.3
2043 40.1 91.7 29.4 43.3
2044 38.4 87.8 28.1 41.5
2045 36.7 31.0 9.9 39.7
| 1,152.7 2,582.1 826.8 1,244.9

174 § et=xalignisty|=3



O (2%F-case 1) <45 = & A7MA= 24439 0H, ol 3t B2 dF
HIh= 5684904, FUPHA A v E = 17889 %, A& &= 263.8% ¢
[£ E] S A 20t case 19| YMRE FIPKIRE 13FE A=+
=09 A ALY Z= B <] -©-g}-o!
| mw | Y| T | e
2026 21.4 49.0 15.7 23.1
2027 19.7 451 144 21.3
2028 18.3 41.9 134 19.8
2029 17.0 38.9 125 18.4
2030 16.0 36.5 117 17.2
2031 15.0 34.2 11.0 16.2
2032 13.6 311 10.0 14.7
2033 12.7 29.1 9.3 13.8
2034 11.8 26.9 8.6 12.7
2035 111 25.3 8.1 12.0
2036 10.5 24.1 1.7 114
2037 10.0 23.0 7.4 10.8
2038 9.6 21.9 7.0 10.4
2039 9.2 21.0 6.7 9.9
2040 8.8 20.2 6.5 9.5
2041 8.5 19.4 6.2 9.2
2042 8.2 18.7 6.0 8.8
2043 7.9 18.0 5.8 8.5
2044 7.6 17.4 5.6 8.2
2045 7.4 16.8 54 7.9
B 244.3 558.4 178.8 263.8
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KIOSTN et=styaien|ss

O (2%+-case 2) A= & wWEHY A7 = 495.69 o

RAZRS8 BhF I 3628909, 1EF

"3+ 1,133.0

19l

e S WL

s
S
2
IUE&

[ F] S AtY 2Qt- case 22| MARE FIPIX|REY NERY A=+
. A9 | asgaas | e [ o un,
2026 43.5 99.4 31.8 46.9
2027 40.0 91.5 29.3 43.2
2028 37.2 85.0 27.2 40.1
2029 34.5 79.0 25.3 37.3
2030 32.4 74.0 23.7 35.0
2031 30.4 69.4 22.2 32.8
2032 27.6 63.1 20.2 29.8
2033 25.9 59.1 18.9 27.9
2034 23.9 54.6 17.5 25.8
2035 22.5 51.3 16.4 24.3
2036 21.4 48.9 15.6 23.1
2037 20.4 46.6 14.9 22.0
2038 195 445 14.3 21.0
2039 18.7 42.6 13.7 20.1
2040 17.9 40.9 13.1 19.3
2041 17.2 39.3 12.6 18.6
2042 16.6 37.9 12.1 17.9
2043 16.0 36.5 11.7 17.3
2044 154 35.3 11.3 16.7
2045 14.9 34.1 10.9 16.1
AA 495.6 1,133.0 362.8 535.3
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J3= 1,246.3

=,

[F£ G] = Al 20Qt- case 39| AHAH

F7F7HA]

O (2%F-case 3) A== =Y AA7IA]= 545.29 ¢olmH, o]
0 g 8= 399.19 9, a8t Gk 588.8

SIDIAIRY I8RY A%

=0 A AL.S. 1 2= B 4 o= ] Xe)
2 o | e | TS| zeeee
2026 47.8 109.3 35.0 51.6
2027 44.0 100.7 32.2 47.6
2028 40.9 935 29.9 44.2
2029 38.0 86.9 27.8 41.0
2030 35.6 814 26.1 38.5
2031 334 76.4 24.5 36.1
2032 30.3 69.4 22.2 32.8
2033 284 65.0 20.8 30.7
2034 26.3 60.0 19.2 28.4
2035 24.7 56.5 18.1 26.7
2036 235 53.7 17.2 25.4
2037 224 51.2 16.4 24.2
2038 214 49.0 15.7 231
2039 205 46.9 15.0 22.2
2040 19.7 45.0 14.4 21.3
2041 18.9 43.3 13.9 204
2042 18.2 41.7 13.3 19.7
2043 17.6 40.2 12.9 19.0
2044 17.0 38.8 124 18.3
2045 16.4 375 12.0 17.7
A A 545.2 1,246.3 399.1 588.8
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K]OS]')\ A=Y

O (2%F-case 4) == miEd el AAVIA= 66099 deln, ol tigt Akid v
A= 558499, FUPIAIAE vhg avhs 178890, A8 A= 2638%F ¢
E Hl & At 20 case 42| HUFE FUDIX|RE 1E3FE AT
o Aes | ALFEAS | PR | g e
2026 57.9 49.0 15.7 23.1
2027 53.4 45.1 14.4 213
2028 49.6 41.9 13.4 19.8
2029 46.1 38.9 125 18.4
2030 432 36.5 11.7 17.2
2031 405 34.2 11.0 16.2
2032 36.8 311 10.0 14.7
2033 345 29.1 9.3 13.8
2034 31.8 26.9 8.6 12.7
2035 29.9 253 8.1 12.0
2036 285 24.1 7.7 11.4
2037 27.2 23.0 7.4 10.8
2038 26.0 21.9 7.0 10.4
2039 24.9 21.0 6.7 9.9
2040 23.9 20.2 6.5 9.5
2041 22.9 19.4 6.2 9.2
2042 22.1 18.7 6.0 8.8
2043 21.3 18.0 5.8 8.5
2044 20.6 17.4 5.6 8.2
2045 19.9 16.8 5.4 7.9
2 660.9 558.4 178.8 263.8
178 | e=signetis





