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Qualification of composite materials and components
+ 70- and 90-meter testing facility certification approval
* Accredited testing of specimens and components

Industrialized manufacturing

» Experimental tests in the “BladeMaker” demonstration center

+ Validation testing of manufacturing processes and materials

* CNC-controlled production cell with 2 cooperating 6-axis gantries

\

~ Fraunhofer
IWES

Drive trains and grid connection

DyNaLab with 10 MW drive performance/ peak 15 MW

Nominal torque: > 8.6 MNm

Rotor load application unit for dynamic bending moments, thrust and radial forces -:D
Artificial grid: 44 MVA installed inverter power

Technical reliability of mechatronical systems

Planning and implementation of systemtests, accelerated lifetime tests

Model validation
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Offshore Construction Georgsmarienhatte
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Windenergie und
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Status of Offshore Wind Development

in Taiwan

Wei-Hsien Lu
Manager, GEL, ITRI
May 17, 2017
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o rEE Tajwan Offshore Wind Potential

“ Shallow Water (5-20 m)
* Area: 1,779.2 km?
* Potential: 9 GW
* Feasible: 1.2 GW

B Deep Water (70-50 m)
* Area: 6,547 km?
* Potential: 48 GW
* Feasible: 5 GW

B Deeper Water (- 50 m)
* Potential: 90 GW
* Feasible: 9 GW

Wind Power Density(W/m2)
Il <100 [__]400-500[]800-900 [ 1,200 - 1,300
[ 100 - 200 ] 500 - 600 [EE] 900 - 1,000 [ 1,300 - 1,400
[ 200 - 300 ] 600 - 700 [ 1,000 - 1,100 [_] 1,400 - 1,500
[C1300 - 400 ] 700 - 800 [l 1,100 - 1,200 [_] > 1,500

Ref. “Wind Resource Assessment Handbook,” ITRI, 2011

Ve 2% Targets of Wind Power Development

H Promote onshore development and sustainable
environment for offshore development first.

short-term mid-term long-term

2016 2020 2025

\
\

682MW || 800MW | 1,200 MW |

offshore

-30-



A .
Ve Z2559%%  Current Status of Wind Development
B Onshore (by the end 0of 2016) ﬁgv(zx) gﬁw(m)] [f‘i?MW(Sx) }%ﬁwm ] MW(6x)

* State-owned: 169 WTs /294 MW

* Private: 177 WTs / 388 MW
» Total: 346 WTs / 682 MW
(14.4 % of all RE)

* 2016 Production: = 1,445 GWh
(11.4 % of all RE)

&

i - ¢ ey
. . dd Ak
7 fs A S

%
EH
|t

B Offshore

* 2 demonstration turbines have just
been commissioned on 28% April, 2017

i
E I

&

/ o ‘/ 4

Turbines

I TRARTmRR Strategies for Offshore Wind

Research Institute

£

7D

Self-sustaining Industry

DIP

Incentives for Pioneers

ZAP

Transition Period

B [Phase 1] Offshore Demonstration Incentive Program - =
* 4 Demonstration Turbines by 2017, 3 Demonstration Wind Farms by 2020

* Government provides subsidy for both equipment & developing processes

B [Phase 2| Directions of Zone Application for Planning .. - - = -

* 36 Zones of Potential revealed for preparation in advance of Zonal Development

* Applicants must acquire EIA approval by 2017 and Preparation Permit by 2019

B [Phase 3| Offshore Zonal Development - - -
« Zones will be released in stages by the government (similar to Round 3 of UK)
* Commercial scale for cost reduction

* SEA has been approved by EPA
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r e Demonstration Incentive Program

[Phase 1] DIP

B Demonstration Projects of Offshore Wind
* 3 Winners (Fuhai, Formosa & TPC) officially announced on 9% January 2013

* MOEA provides subsidies for both turbines & wind farms to encourage pioneers

* To confirm feasibility in terms of administration, technology and finance

Demonstration Tarbines Demonstration
commissionad Wind Farms
(originally Dec. 2015, and commissioned
has been adjusted to Dec. 2017) (Dec. 2020)

Plan Proposal Preparation Construction
initiation review Permit Permit

(Jul. 2012) || complete (Dec. 2014) (Dec. 2018)
(Dec. 2012)

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
(2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2021)
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TR

V- Z2255%%  Qpecifications & Requirement of DIP
Y w b

B Met Mast (% £ 28@a:5) B Demonstration Win
* Water depth: 10 m or more - GFRRAM)

* « Height: 70 m or more * Water depth: 5 m or more
ot « Capacity: 100-200 MW each

* Commissioned by 2020

M Demonstration Turbines

H4a) ‘

m *lt b P

& « Capacity: at least 3 MW e@h e L

b. ' et o g
~* Commissioned by 2017 e - -

Ve 22587 Awarded Demonstration Projects

[Phase 1] DIP
- Capacity: 128 MW (32 turbines) . N
(8
- = Taoyuan b L
lestan(;: fro;n 1Sllore. 2-6 km /N\ Coun ty“New Ta|
- Water Depth: 15-35m
= Hsinch Qy\H \; ‘;_%-c“jr”
— *‘,\/ sinchu. "
Fuhai (Ga:%) @Changhua 7 county
Capacity: 120 MW (30 turbines) 7 Mizoli S o
. . /" County b
Distance from Shore: 8-12 km )/‘ b s )
Water Depth: 20-45 m 4{( e I od N
 Taichung City ol |
% TPC (% %) @Changhua aad %
+ Capacity: 108-110 MW (18-30 turbines) {
* Distance from Shore: 7-9 km Nantou
Huallen
Count
+ Water Depth: 15-26 m ounty éJ County |
r
9
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TRE M

£ o Zone Application for Planning

B Siting for Zones of Potential (ZoP, ;% 7 35 1)
* Within 50 m isobath of west coast

[Phase 2] ZAP

Faipei City

* Excluding protected, restricted, planned or developed area Taoyuar; .
+ 36 ZoP: total 3,084.5 km? (approx. 23 GW) B County‘ New Tai
: R Clty
. . A H C \‘A\
B Directions of ZAP (announced in July 2015) Sm% W Hsinchll & /)
« Applicants should plan for the whole zone. gL N (/30unty "L/ Yila
o s (
« Total capacity of each case: > 100 MW - CMc;Sr?thy gl 3“/ Coun
« Capacity density: > 5 MW/km? Y 4 0 .~ T
. - 4 - ,)f/
EIA approval required by 2017 ‘ & e ‘?h.Talchung Clty/ /’_ |
pp & AN g \7.7 |
B Applications =y & i (}
vV /g ( g
+ 22 projects have been 4 ’C g%r:j?‘?; J ’
' Nantou / .
. . - Hualien
ot Ciiacinae T 2 3 Yunlln Yy County < County /
* Dong Energy, wpd, Northland Power . Coqny )
China steel, Swancor, Taipower... ' fi i " '--—'{fiff"‘{] @@ DIPsites
o - o 10
R 3300
£ e Zonal Development
[Phase 3] ZD
B Purpose

* Marine Spatial Planning

2750000

* Optimal Resource Utilization

* Domestic Industry Development

B Goal
* Zones will be released in stages
* 500 MW -2 GW for each stage
* To reach 3 GW target by 2025

2700000

600000 2650000

2500000 2550000

B Strategic Environmental Assessment

2450000

* SEA Report reviewed and approved by EPA on

28t December, 2016

* 36 ZoP will be reduced or adjusted based on
the results of inter-ministerial negotiations and
SEA consultation.

-34-
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r Invest in Taiwan
B Hub in Asia Pacific & Global Logistics

L]
(]

L]

Located at the heart of the Asia-Pacific region
Good and inexpensive utilities and telecommunication services

Best partners for multinational companies operating in the Asia-Pacific region

Sound Legal Framework

Foreign investment regulations ensure protection for foreign investment

All accounting systems in Taiwan conform to international standards

High Economic Freedom

Ranked 14™ among 186 countries by the “2016 Index of Economic Freedom”
(published by the Heritage Foundation and the Wall Street Journal)

Comprehensive income tax treaties or agreements with 30 countries for
avoidance of double taxation

No restrictions on the industries for foreign investments (except for investment
with national security concerns or investment from China)

13
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o Feed-in Tariff System

Research Institute

B Renewable Energy Development Act

* Taiwan promulgated the Renewable Energy Development Act in July, 2009
to systematically promote renewable energy.

* The core strategy of the Act is Feed-in Tariff system.

* PPA of renewable energy is guaranteed for 20 years.
* A Committee is formed to review the formula and tariffs annually.

* Tariffs shall not be lower than the average cost of domestic fossil-fueled power.

B Feed-in Tariffs of wind power in Taiwan
* Onshore: NTS$ 2.8776 (€8.4¢)/kWh for 20 years

* Offshore:
- Option #1:NT$ 6.0437 (€17.7¢) / kWh for 20 years

- Option #2:NT$ 7.4034 (€21.6¢) / kWh for the first 10 years
NT$ 3.5948 (€10.5¢) / kWh for the next 10 years

14

i Market Estimates

Research Institute

B Offshore 3,000 MW by 2025 — NTS$ 544B (€16B) investment®
B Policy — Developers — Service Providers — Manufacturers

onshore + offshore @ NTS37.5B @ NTS39.5B

MW
5000 613.5
g 600
4000 ...  Annual Investment r-- ) coo
2016-2020:NT$23.2 Billion/yr Z
3000 L 2021-2030:NT$58.9 Billion/yr e V4 400 §
- 300 E
2000 |- P B S
B Offshore (MW) ‘ : - 200
1000 & Onshore (MW) L
: = - 100
o

2013 2015 2020 2025

*onshore: NT$56.700/kW (€1,668/kW); offshore: NT$181.600/kW (€5,341/kW)
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Ve 22 Major Challenges

B Asian Environment
* Turbine design resistant to typhoons

* Foundation design resistant to earthquakes

B Environmental Impact
« Migrating birds & marine mammals

* Local fishery, navigation safety and radar interference

B Infrastructure & Supporting Measures
* Ports and industrial park
* Grid connection

* Financing and insurance

B Project Implementation
* Construction vessels and offshore expertise
* Contract strategies & project management

* Risk assessment and mitigation

S RHIRR
” hmrern Contents

I. Targets and Strategies
II. Phases of Development
III. Investment Environment

IV. Summary
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E 3 3nhiEA
I Summary

eeeeeeeeeeeeeeee

B Develop Offshore Wind in 3 Phases

* [Phase 1] DIP : Incentives for Pioneers
* [Phase 2] ZAP : “Zones of Potential” for commercial projects
* [Phase 3] ZD : Pipeline for a sustainable domestic market

B Taiwan: the Best Entrance into Asian Offshore Wind Market
* Resource: best offshore wind resource in the world
* Policy: stable environment and clear targets
* Supply Chain: design, manufacturing, construction, O&M
* Environment: sound legal framework & high economic freedom

* Vision: competitive, innovative, and profitable industry of offshore wind
Welcome to Taiwan and we will be your best partners
to explore the Asia-Pacific offshore wind market

18

ERINEZER
f E,E..m.nl‘rcchnomgv Contact US

Research Institute

¢ InvesTaiwan Service Center; Tel: +886-2-23112031;
http://investtaiwan.nat.gov.tw/eng/main.jsp

¢ MOEA One-stop Service of Wind Power; Tel: +886-2-87723415;
http://www.twtpo.org.tw/eng/Home/

¢ Renewable Energy Project Office; Tel: +886-2-87720089;
http://www.re.org.tw/Eng/Index

¢ Green Energy Industry Promotion Office; Tel: +886-2-87722252;
http://www.taiwangreenenergy.org.tw

¢ Bureau of Energy, MOEA; Tel: +886-2-27721370;
http://web3.moeaboe.gov.tw/ECW/english/home/English.aspx

19
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Thank you for

your attention

E3 300t e A
o i Government's Efforts

»> Inter-ministerial Coordination & Collaboration

B Grid Connection

* Encourage Taipower to establish “Plan of Power Transmission
Infrastructure Dedicated for Renewable Energy”

* Collaborate with local government to facilitate construction of
offshore/onshore substations and subsea cables

B Fishery Coordination

* Fishery Agency announced the standards of compensation for
offshore wind

* Include all relevant stakeholders to discuss the mechanism of
community fund

21
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r Government's Efforts (cont.)

B Infrastructure

* Establish development plans for dedicated wharves and ports
of construction, manufacture and O&M

* Collaborate with local government to secure land of wind
industry park

* Encourage state-owned companies to design and build Turbine
Installation Vessels

B Industrial Establishment

* Encourage technology transfer and cooperation to develop
Taiwan-made offshore wind turbines

* Develop domestic capabilities to accumulate practical
experiences, and export Taiwan services to global offshore wind
market

S HITHRR
r i Government's Efforts (cont)

» Dedicated Offices to Facilitate Development

B Office of Energy and Carbon Reduction, Executive Yuan

* Facilitate inter-ministerial coordination & collaboration

* Remove administrational barriers of regulatory processes

* Ensure smooth procedures of application review for offshore
wind

B MOEA One-stop Office of Wind Power

¢ Clarify and simplify procedures of offshore wind application

* Monitor review progress of relevant ministries

* Identify obstacles or assistance required for each application

-40-
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%t 2~5/18 wpd fd #F

"y
. .. )
Nearshore Wind Farm Nordergriinde
g .
ﬁ#aﬂ Nordergrunde think energy

Within German 12 nm-zone fE£E12;2R
SITE
B Distance to coast A 2EEE: 15 km

Water depth 7Ki%&:<10.3 m

Size K/ 111 MW
Construction MiEFFM: 2016
Technology Hi#: proven (Senvion 6M Turbine with 10 year full
service maintenance contract, monopiles)
{E 2258 BF A AU E T (SenvionBU6MELHE,
105 HIE RS, B
Design lifetime MR 3E@: 25 years
Approval B aJ: approval for construction and commercial
operation confirmed
BERSEZ N EERS
Grid 1#8: grid connection to offshore substation provided by grid operator
EREERANERERS BRI EE
Financing TK: financial closed complete A #5ikREHEZ
Management L ¢ B wpd is an experienced partner, own equity commitment

LEEFEFEENTEER RARENSREERNFEA

S

. " >
Nearshore Wind Farm Nordergriinde
ﬁ#;ﬂ Nordergrﬁnde think energy

OWF Nordergriinde : ,
°
AAAAA - Hooksiel
@
| . Wiheimshaven sgtoleaven
3 (S /o Nordanham | I
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Nearshore Wind Farm Nordergriinde VVPC{
31 & B 1% Nordergriinde think energy

Approval steps #t HE5K

December 2003: Regional planning approval according to “Landesraumordnungsprogramm
Niedersachsen"(considering Nordergriinde as spatially tolerable).

2003412 8 : B E|E A BIZFA (Nordergriinde FIGIE 2 ATES M)
*  Nowvember 15, 2007: Preliminary Approval according to § 9 BiImSchG
20078118158 : FRIHE A
*  October 31, 2008: Approval according to § 4 BimSchG, appealed
2008108318 S #E| L3R
= March 3, 2011: Dispute resolution agreement with government of Lower Saxony and conservation
organizations

201143 A38 R AR TER B RRREMOES
September 2013: wpd acquired all project rights from Energiekontor AG
20134g9 A : 388 B Energickontor AGER I WIERFT A MF

Total investment volume SEFE IS EH: curo 411 mio

Debt finance JLIEMAM: EIB + KFW IPEX Bank

Secured feed-in tariff {RREEREIRIN: 15.4 €ct./kWh for 8 years B E19.4E 5, A¥IRE
strong wind resource SIAYMIEM (9.3 m/s; 378.1 GWh (PS0))

Nearshore Wind Farm Nordergriinde

31 B B 1% Nordergriinde Vlm

Involved Contractors Ak 20 think energy

First offshore wind farm with regional contractors

F—EREHERDESEZ R

Work Scope Contractor  References
package il | xam BERE
Ifra

Engineering, Procurement

and Construction (EPC) of R
Top 3 in Offshore (>800 MW) R ]

Turbine 18 x 6.2M126 Offshore | b
mm wsemwen  SEVION SN S
- = ornton Ban

(wre) ]flﬁ,ZMIZGE.ﬂ(H.&@ OWF Ormonde (30 WTG)

=6.15 MW)ZEPC (TiE,

RE. . 2Ega
Foundations EESED;EHZFSJ% OWF Meerwind (80 FOU)
E 2] > monopile MLH& p.mﬂﬂmu OWF Thornton Bank (43 FOU) ‘
(FOU) -> transition piece MY OWF Alpha Ventus (2 FOU)
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Nearshore Wind Farm Nordergriinde ’

3L 5 B3 Nordergriinde vaj

Involved Contractors 3K S think energy

First offshore wind farm with regional contractors

F-ERESRTEHSEZEE

Work Scope Contractor References

package ] xRam SERH

I#a

Internal EPC + Installation of the OWF Rodsand

Cabling (IAC) internal wind farm cables NSW .?3 OWF Alpha Ventus
BEERE EPCEE R NN EE T Project Cascade

Offshore EPC of the 0SS including

Substation  installation of OSS topside Multi-

(0sS) HEPCHi R E TEEISIEME  contracting

HEEEY ZZE

Installation | Transport & Installation of r -f Vessel “MPI Enterprise”:
(INS) FOU and WTG “ OWF Nordsee Ost (295 MW)
£33 ERARE Y ERETE BIFNGER OWF Gwynt y Mor (576 MW)

Nearshore Wind Farm Nordergriinde )
31 B B Nordergriinde VVpd
Current Status BIR think energy

* Wind turbines, cables, foundations have been installed

B, B, BRERETH

Installation of substation scheduled for: the 3rd quater of 2017
BB R 2017EE=FRRTM
Commissioning completion and starting of operation:
the 4th quater of 2017
SUEHRIE X E AR 2017 B FERL
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WP 3-5/19% FHBHL P HHF

Allocation of tasks at the ports of Bremen
bremenports

= World port

i good hands

B Suprastructure = cargo handling companies sheds
storage areas
. industrial l
trucks/
l forklifts

|

\ land areas

T quays rail tracks / road
water areas inside
the port B Infrastructure = municipality of Bremen
boundaries
Our tasks
bremenports

+ World port

in good hands

Port Port Port International Real
development construction maintenance marketing projects estate
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