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Comparison of Renewable Energy
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Global Annual Install Wind Capacity 2001-2017
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Global Cumulative Install Wind Capacity 2001-2017
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Top 10 New Installed Capacity in 2017
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Top 10 Cumulative Capacity Dec. 2017
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Annual Installed Capacity by Regions 2009-2017
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Global Cumulative Offshore Wind Capacity in 2017
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Annual Offshore Wind Capacity Installations
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Cumulative and Annual  Offshore Wind Energy 
Installation in Europe
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Offshore Wind Energy reach by 2020

資料來源：4COffshore, Carbon Trust analysis ,Feb 2017.
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Cost Reduction of Offshore Wind Energy



17資料來源：Carbon Trust, Feb 2017.

1: 調整電網和開發成本
2: 為電網及開發成本合同時間而調整
3: 預計免費補貼

年度配給

歐元/MWh

運轉期間
2017-2018

運轉期間
2019-2020

運轉期間
2021-2025

荷蘭殼牌博爾瑟勒風場1+21

荷蘭殼牌博爾瑟勒風場3+41

瑞典維特福於丹麥風場2

蘇格蘭電力風場-東安格利亞一號

愛爾蘭主流再生能源NnG風場

德國風場第一期3

丹能風電&西門子的英國風場

瑞典能源企業號角3號風場

法爾肯貝格北海風場

英國比阿特麗斯風場

Competitive Auctions Driving Down the 
Cost of Offshore Wind in Europe
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 以各國2030年離岸風力發展目標分析，屆
時將以美國 (54GW)累計裝置量最高，其次
為中國30GW 、英國(23GW)和德國
(17.5GW) 。

 亞洲日本2020年目標為建置400MW離岸風
場；韓國目標則為2020年建置2.5GW，除
了採用綠色憑證(Green Certificate, GC)作
為誘因外，更由政府與民間合資成立公司
統籌規劃，政府預計投入9.2兆韓元(約新台
幣2,464億)發展離岸風電產業。

 目前推動中國家的主要政策工具包含制訂
收購電價(Feed-in Tariff; FIT)、競標
(tender)與綠色憑證(Green Certificate, GC)
等。

全球離岸風力目標與政策

累積
裝置量
(MW)

國家 2016 2020 2030

歐洲

英國 5,156 9,500 23,000

丹麥 1,271 2,800 3,530

比利時 712 1,500 3,000

德國 4,108 6,500 17,500

荷蘭 1,118 1,400 6500

瑞典 202 212 1000

芬蘭 32 - -

愛爾蘭 25 25 800

西班牙 5 5 5

挪威 2 - -

法國 0 1500 9000

葡萄牙 0 25 27

波蘭 0 - 1350

亞洲

中國 1,627 - 30,000

日本 60 400 8,000

韓國 35 2,500 -

台灣 8 520 >5,500

美洲
美國 30 10,000 54,000

加拿大 0 - 8,000

全球離岸風電未來市場規模預測
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 全球離岸風力裝置量呈現高度成長，風機
逐漸朝大型化發展，目前4~6MW機組已為
離岸風力機之主流。

 歐洲後續開發風場離岸距離遠至100公里，
水深逐漸超過40公尺，導致現階段慣用之
固定式基座成本大幅上升。風力機水下基
礎技術型式的選擇，主要取決於水深、海
床地質、海浪、海流以及成本、船舶機具
設備能量等。

 美國、中國大陸、日本、挪威和其他許多
國家，具有相當龐大的海上風能資源潛能
位置是在更深的水域，而在一些水深大於
50 m的海域，相較於風力機安裝於固定式
基礎，浮動式平台將是相對較經濟的支撐
結構，故浮動式風力機為離岸風場開發之
新方向。

全球離岸風力發展趨勢

歐洲離岸風場水深與離岸距離
(資料來源：1. GWEC (2015); 2. EWEA (2015))



20

 浮動式離岸風力發電可透過開發豐富的風
力資源，提升成本效益。

 現階段全球浮動式離岸風力機承載平台設
計多以單台承載為主，而設計概念大致可
分為三種，主要是從離岸石油及天然氣產
業所演化來的，分別為張力腿式(Tension 
Leg Platform, TLP)、半潛式(Semi-
submersible)及浮筒式(Spar Buoy)。

 根據英國能源技術研究院(Energy 
Technologies Institute, ETI)於2015年提出的
報告顯示，現階段三種技術中浮筒式平台
及半潛式平台皆已有實海域示範驗證計畫，
技術水平達到TRL7；而張力腿式平台僅有
實驗室試驗，技術水平仍停留在TRL4。

全球離岸風力發展趨勢

浮動式平台設計概念示意圖
(左至右：浮筒式、半潛式、張力腿式)

挪威北海採用浮動式採油平台所提升的成本效益
(資料來源：The Crown Estate(2014))
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歐洲浮動式離岸風電實海域驗證計畫

計畫案名稱 裝置容量 國家 預計完工日
期

Dounreay Tri 2x5 MW 蘇格蘭 2018

Gaelectic 30 MW 愛爾蘭 2021

Hywind Scotland 30 MW 蘇格蘭 2017

WindFloat Atlantic 30 MW 葡萄牙 2018-2019

Kincardine 48 MW 蘇格蘭 自2018

French pre-commercial

farms

4x25 MW 法國 2020

Antlantis/ Ideol project 100 MW 英國 2021

資料來源：WindEurope

現階段美國、歐洲及日本都已有單台浮動式承載平台之實海域試驗，而相關
計畫及開發公司之設計概念以半潛式最多，浮筒式次之，張力腿式最少。
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Global Offshore Wind Development out to 2030
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Potential of Offshore Wind and Marine Energy in Taiwan

Ocean Energy
Exploration

potential
economic 
benefits

sustainability Stability Maturity

Tides △ △ ◎ △ ○

Wave △ ○ ◎ △ ○

Thermal Gradient △ ○ ◎ ○ ○

Marine Currents ◎ △ ◎ ◎ △

◎ High ○ Medium △ Low

2015 2020 2025 After 2025

Cumulative capacity (MW) 15 520 5,500 ?

Cumulative Turbine (units) 6 120 800 ?

2025 Offshore Wind Power Installation Capacity Target

Comparison of marine energy technology development potential 
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NEP-II Execution Framework
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 Identify wind 
field blocks

 Field surveys

 Environmental 
impact 
assessment, 

 Approval scheme

 Financial / 
incentive 
mechanisms

Marine Energy 
Generation 

System R&D

Offshore Wind 
Farm Development

Marine Engineering 
and Underwater 

Structure

Offshore Wind 
Turbine Localization 

and R&D

 Wave energy 
generation 
system 
development and 
demonstrators

 Ocean current 
energy 
generation 
system 
development and 
demonstrators

 Build the assembly 
harbors 

 Marine 
engineering fleet 
of support ships

 Structure design

 Establish domestic 
wind turbine 
industry supply 
chain

 Offshore wind 
power industry 
parks 

 Offshore Wind 
Turbine design 
capability

Framework of OWPME Focus Center

Data Source: National Energy Program-Phase II-Offshore Wind Power and Marine Energy Focus Center
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The Objectives of OWPME Focus Center

 Accelerate Taiwan 
offshore wind farm 
development

 Localize offshore 
wind power industry

 Promote ocean 
energy power 
generation 
applications
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Miaoli Offshore 
Wind Farm 

Changhua Offshore 
Wind Farm 

Penghu Offshore 
Wind Farm 

Yunlin Offshore 
Wind Farm 

Chiayi Offshore 
Wind Farm 

Tainan Offshore 
Wind Farm 

Taiwan Potential Offshore Wind Farms
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The Development of Offshore Wind Power 
and Marine Energy in Taiwan
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 The target for offshore wind power in Taiwan is to
achieve total installed capacity of at least 5.5 GW by the
year 2025.

 The strategy is to build offshore wind farms from
shallow ocean regions under “Offshore Demonstration
Incentive Program” to deep sea regions via a district-
based development model gradually.

 This provides an excellent opportunity for experienced
overseas enterprises to invest in Taiwan’s offshore wind
power market, including through partnerships with
local companies and direct investment.

Miaoli Offshore 
Wind Farm 

Changhua Offshore 
Wind Farm 

Penghu Offshore 
Wind Farm Yunlin Offshore 

Wind Farm 

Chiayi Offshore 
Wind Farm 

Tainan Offshore 
Wind Farm 

Taiwan Potential Offshore Wind Farms

The Goal of Offshore Wind Power Policy 
in New Government
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 Onshore Wind Power Promoting Target

• Total installed capacity  in 2016    682MW

• Total installed capacity  in 2018    727MW

• In 2020, (Mid-term goal)                800MW

• In 2025, (Long-term goal)  1,200MW

 Potential Onshore Wind Energy
Longmen

(龍門)

18 MW (6x)

Jiangmei

(講美)

6 MW (2x)

Dachihkan

(大赤崁)

9 MW (3x)

禾風
4.6 MW (2x)

安威
4.6 MW (2x)

GENESYS

(創惟)16 MW (8x)

Yicheng (易丞)

10 MW (5x)

中威2.3 MW

(1x)

Lunwei(崙尾)

46 MW (20x)

Jhongtun

(中屯)

3.6 MW (4x)Government-Owned

(國營) 

Expected to be completed by 2018

Expected to be completed by 2020 

Private Sector

(民營)

• Taipower Pre-existing Plan   33MW(Penghu)

• Private Sector Plan 41MW(Taichung,Yunlin)

• Changhua Coastal Lunwei East Area 46MW

• Total installed capacity 120 MW, expected to be 
completed by2020

The Goal of Onshore Wind Power Policy
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 Offshore Wind Power Promoting Target

 Potential Offshore Wind Farm in 2025 

Dong(丹能)

2,424 MW

Swancor(海洋)
示範機組2架

Swancor(海洋)

示範風場 128 MW

TGC(福海)示
範機組 2架

TGC(福海)示

範風場 120 MW

TPC(台電)示範

風場 110 MW

Potential Site Demo Incentive 

Expected to be completed by 2020

Expected to be completed by 2026 

WPD(麗威)

251 MW

WPD(築能)

152 MW

WPD(宇騰)

232 MW

CSC(中能)

450 MW

WPD

(允能)632 MW

ACC(竹風)

410 MW

Swancor(海鼎
)1,962 MW

NPI&Yushan Energy 

(海龍)1,080 MW

CIP(彰芳)

475 MW

CIP(福芳)

500 MW

TPC(台電)

812 MW

Swancor(海能
)555 MW

CIP(西島)

305 MW• Formosa (Swancor) has installed 2 Demo Wind Turbines 
(8MW) in 2016 (Total 8MW)
(Operated commercially in Feb. 2017)

• Fuhai (TGC) is expected to installed 2 Demo Wind 
Turbines (8MW) in 2017 (Total 16MW)

• Demo Wind Farm+Potential Site in 2020 (Total 520MW)
• Potential Block Sites Development in 2025 (Total 5.5GW)

• Planed Demo Wind Farm         358 MW
(Formosa 128 MW, Fuhai 120 MW, TPC 108-110 MW)

• Expected to completed 520MW by 2020
• 22 project of Potential Wind Site, about 10.24 GW,

finished the process of EIA

The Goal of Offshore Wind Power Policy

Ø rsted(沃旭)

2,424 MW
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Taiwan Offshore Wind Power Promotion Strategy

 Phase 1 Demonstration and Incentive

– Three demonstration wind farms 

– Demonstration Wind Turbines 8 MW installed in 2017

– 230 MW in two demonstration wind farms by 2020

 Phase 2 Potential Site

– 36 potential sites open  

– Developer should pass EIA by 2017 and get establishment permission by 2019 

– 5.5 GW by 2025 (3.8GW FIT+1.7 Auction)

 Phase 3 Zonal Development (under planning)

– Planning and EIA finished by government   

– Developers failed in Phase 2 may have priority 

– over 50 m water depth 
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2016

National Project

2020

2025

2030

Goal

5.5 GW

520 MW

Private Project

Formosa I Wind Power
• 4MW * 2 (demo turbines)
• Water depth: 15-35 m
• Distance to shore: 2-6 km

Offshore Demonstration Incentive Program

TGC
• 4MW * 2 (demo turbines)
• Water depth: 20-45 m
• Distance to shore: 8-12 km

Formosa I Wind Power
4MW * 30 units 

(demonstration wind farm)

TGC
4MW * 28 units 

(demonstration wind farm)

Taipower / SENERG
• 5MW * 2 (demo turbines)
• Water depth: 15-26 m 
• Distance to shore: 7-9 km 

Taipower / SENERG
108-110 MW (18-30 units)
(demonstration wind farm)

Developing & 
planning

8 MW demonstration turbines have been operated 
commercially since February 2017.

Data Source: Taiwan Institute of Economic Research (TIER), Research Division 1.

Miaoli Offshore 
Wind Farm 

Changhua Offshore 
Wind Farm 

Phase 1: Demonstration and Incentive
 Strategy: Offshore wind farms are built in from shallow ocean regions under “Offshore

Demonstration Incentive Program” to deep sea regions via a district-based development
model gradually.
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Progress of Offshore Demonstration Wind Farm Met Mast 

Domestic offshore wind 
farm developers 
have completed the Met 
Mast respectively in 2015, 
and continue to measure 
the meteorological data 
and establish the 
meteorological database.

Met Mast in Fuhai 

Offshore wind farm

Met Mast in Formosa

Offshore wind farm

Met Mast in Taipower

Offshore wind farm

Fuhai

Formosa

Taipower

Location of Taiwan Offshore 

Demonstration Wind Farms

Data Source: National Energy Program-Phase II-Offshore Wind Power and Marine Energy Focus Center

Developer Location
Distance

(km)
Depth

(m)
Numbers

Capacity
(MW)

Support Vessel Progress

Fuhai 
(TGC)

Offshore
Fangyuan,  
Changhua

8~12 20~45 30 120
CSBC Huadian

1001

Met Mast completed in Aug 2015; Two 
4MW wind turbines planned to install 
in 2017.

Formosa
(Swancor)

Offshore
Chunan, 
Miaoli

2~6 15~35 32 128
Domestic 

Platform Barge

Met Mast has  been completed in Aug 
2015 and two demonstration wind 
turbines (8MW)  in October, 2016.

Taipower
Offshore 

Fangyuan,  
Changhua

5~8 15~25 22~36 108 HongYu No.1
Met Mast completed in Nov 2015, and 
demonstration wind turbines in April, 
2019.
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Demonstration Wind Farm Development

 Swancor has installed two 
demonstration wind 
turbines in October 2016 
and operated 
commercially in Feb. 2017. 

 The first case on offshore 
wind energy in Taiwan.

 Taipower demonstration 
wind farm tender in 
January 2018 by Hitachi 
and Jan Del Nul and 
finished before end 2020.

Demonstration Wind Turbines by Swancor
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Phase 2: Potential Offshore Wind Farm Sites

 Potential Sites in Taiwan:

 In order to accelerate the 

development of offshore wind 

power, Taiwan’s Bureau of 

Energy (MOEA) has designated 

36 potential block sites in July 

2015.

 The 36 potential block sites 

cover Taiwan's western 

coastline and are bounded 

within 50 m of water depth.
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Taiwan Offshore Wind Farm Installed 
Capacity Status

 Selection process: MOE announced the outcome of 
selection on 30 April, 2018, with 3,836 MW of 
capacity awarded to 7 companies.

– Expected Commissioning in 2020, with 738 MW of 
capacity awarded to 2 companies.

– Expected Commissioning in 2021-2025, with 3,098 
MW of capacity awarded to 6 companies.

 Auction process: MOE announced the outcome of its 
first offshore wind auction on 22 June, 2018, with 
1,664 MW of capacity awarded to 2 companies. Feed-
in tariff.NTD2.2245/kWh~2.5481/kWh.



38

Phase 2: Potential Offshore Wind Farm Sites
Selection Auction

2021

2020

2021

2021

2021

2021

2020

WPD

CSC+CIP

CIP

CIP

TPC

WPD

Swancor

Ø rsted

Ø rsted

NPI+Yushan
NPI+Yushan

NPI+Yushan

Ø rsted

Ø rsted

2024

2024

2023

2024

2024

2025

2025

2025

2025

All

Partly
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 Taiwan government is actively promoting 

“National Team" , two have successively formed.

 Wind-Team (CSC): responsible for wind 

turbine components localization.

 Marine-Team (CSBC): responsible for maritime 

engineering and equipment localization.

Marine-Team stared up in November 9 ,2016

Wind-Team started up in September 13 ,2016

Domestic Resources Wind- Team & Marine Team in Taiwan
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 DONG Energy has involved in four separate 

offshore wind sites in the Changhua coastal 

region, in 2016, which could have a total 

capacity of 2GW when they are completed, 

sometime between 2021 and 2024. 

 DONG Energy has agreed to acquire 35% 

ownership of the Formosa I project (Taiwan’s 

first offshore wind project), which starts out 

at 8 MW and will grow to 120MW.

International Collaboration of Offshore Wind Development 
in Taiwan

Dong Energy Taipei Office meet the 
President of Taiwan in March 8 ,2017
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Offshore Wind Turbine Localization and R&D
Taiwan Wind Power Supply Chain Wind-Team & Marine-Team

Wind Power Manufacturers Wind Power

Services

Wind Power 

GenerationRaw Material Components /subsystem Wind Turbine System

Steel

CSC中鋼

glassfiber/

Carbon

FPC台塑/TG台玻

/CY重億/DPI駐龍

Resin

SWANCOR上緯

/ETERNAL長興

Gearbox

FHI台朔重工/

SANHO上和齒輪

blade

HORIZON先進複材/

CHINA FRP華陽工
業

Monitoring/

Control System
Advantech研華

TECO東元/AIDC漢

翔/ICSC中冠

/MOXA四零四

Power System/fittings

TECO東元/ SINBON信邦/ TATUNG大同/CEC中宇

/FE華城/SEEC士電/CHEM中興電工/DELTA台達電/

AEC亞力

Tower

CSMC中鋼機械/FHI台朔

重工/LK力鋼/SC玄鐘

Casting/Forgings/

Wood Type

YGG永冠/YJF原潤豐/

YG益光/TCS正昇/

CF承鋒/NL南隆/

BOLTUN恆耀/SE三英

/CHUN YU春雨

/WSMC大詠城/

YFS芳生/HD泓達

Large Wind Turbine

TECO東元/SN新能

System Accessories (BOS)

Underwater foundation

CSC中鋼/CSBC台船/HH宏華

CT 世紀鋼/WJ穩晉/CH昭伸

/WC樺棋

Cable/

Transformer substation

FE華城/ CH中興電工/TAYA

大亞/HSLW華新麗華/AEC亞

力/SL士電/Tatung大同/Teco東
元

Wind Farm Planning

Taipower台電/IFV英華威/TGC永

傳/Sinotech中興工程/YX怡興/ 

Sino環興/CECI世曦

Wind Farm Building

CH中興電工/ FE華城/Luxe樂士

/SN星能/HX漢翔/JI佳音/HH宏華

/WC樺棋/WJ穩晉/CSC中鋼

/CSBC台船

Wind Turbine Maintenance

Enercon德商風電/MT梅翠/KLE

寬利/PAJC平安集成/Vestech喬集

偉思特/CSC中鋼/CSBC台船

Wind Farm 

Operation

Taipower台電/IFV

英華威/SW上緯/TGC

永傳/TMHI海洋/FH

福海/TCCY大橋舟/ 

TAYA大亞/SN星能

/CSC中鋼

Firm number:7/0

Note: Black word: The company that has invested in the supply chain.  

Purple word: The company that has potential to invest in the supply chain.

Firm number:20/14 Firm number:10/6 Firm number:25/0 Firm number:10/0

Data Source: Taiwan Institute of Economic Research (TIER), Research Division 1.
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Marine Engineering and Underwater Structure
Naval Architecture, Ocean and Marine Engineering

Data Source: UNION-TECH Engineering Consultants Co.

Jack-up Platform

(升降平台)

Honghwa(宏華)-宏禹1號(80m×33m×4.5m)

Honghwa(宏華)--宏禹號(55.5m×30m×3.6m)

Hwachi(樺棋)-海岸1號(48m×18m×3m)

Crane (800T up)
Chideh(啟德重機械), Hungtai-Crane(宏泰工程), I-cheong(宜宗

重機械)

Crane Ship (起重船) Woenjinn(穩晉)-(150T), KL.twport(基隆港務分公司)-(150T)

Tugboat(拖船)
Woenjinn(穩晉)-(2,200HP), Hwachi(樺棋)-(3,200HP), 
Honghwa(宏華)- (750HP), Chausen(昭伸)

Jack-up Vessel

(平台船)

Woenjinn(穩晉)-(75m×35m), Hwachi(樺棋)-(75m×26m), 
Honghwa(宏華)- (70m×22m), Chausen(昭伸)

Floating Pile Driver

(打樁船/打樁設備)

Woenjinn(穩晉), Honghwa(宏華), Hwachi(樺棋), 

Chausen(昭伸), I-san(壹山)

Support Vessel

(工作船/交通船)

Woenjinn(穩晉)、Hwachi(樺棋)、Honghwa(宏華)、
Chausen(昭伸)

150T Crane Ship

Jack-up platform

Jack-up vessel
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 CT won 550 Mio USD order of 

jacket foundation from CIP, 

October 2, 2018  

 Swancor won resin order from 

Siemens Gamesa, October 3, 2018.
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Upcoming Research Strategy of 
Offshore Wind Power and Marine Energy
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政策方針：3 GW躉購+2.5GW競價＠2025年
發展目標：產業供應鏈在地化，搶攻亞太市場

大規模離岸風場開發，風場運維/風機組件/水下結構/施工船隊等關鍵量能不足。
離岸風電在地化應包含：風力發電機組、水下結構、海事工程設備及船舶、離岸風場運轉維護(O&M)。

資料來源：Carbon Trust analysis, RenewableUK, Fred Olson, 2017

結合AI大數據台灣離
岸風場運維管理 (科技部) (經濟部)

(經濟部)(科技部)(經濟部)

台灣綠電、竹風

離岸風電研究建議方向
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Education of Offshore Wind Energy 
in Taiwan
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Structure of Offshore Wind Energy Talent Cultivation in Taiwan

High Level  Master Courses

– Offshore Wind Engineering Planning, Design, Analysis, 

Manager, Finance, Insurance…

GWO General Technical Courses 

– DP operator、Crane Operator、Jackup vessel operator, 

ROV operator, Diver… 

GWO Basic Technical Courses

– Mechanical, Electrical, Hydraulic

GWO Fundamental Training Courses 

– Sea surving, Working at Heights, Fore awareness… Basic Safety 

Training

Basic 

Technical 

Training

Master 

Courses 

Source: Bureau of Energy, Taiwan 

30%

70%
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NTU Offshore Wind Energy Program

 Master degree course

 Start in Winter Semester 2018

Credit Program: for senior, graduate students interested in offshore 

wind energy

Master Degree Program: apply and approved by Ministry of 

Education

On-Job Training Program: intensive courses for on-job training
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NTU Talent Cultivation Drawn International Attention 
 1st NTU-DTU-CIP International Workshop for Offshore Wind Power Talen Cultivation held in NTU, Taiwan 

from July 2 to July 4, 2018.  

 2nd NTU-DTU-CIP International Workshop for Offshore Wind Power Talen Cultivation held in DTU, Denmark 

from August 13 to August 17, 2018.  

 Drawn Attention by 4COffshore, Wind Business Intelligence, OffshoreWIND.biz
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 The target for offshore wind power in Taiwan is to achieve total installed

capacity of 5.5 GW by 2025.

 Development of offshore wind farm is accelerating.

 Phase 3 zonal development will be open soon, including over 50 m water

depth

 Wind farm development, wind farm O&M, wind turbine components

localization, underwater structure, and maritime equipment localization

require international cooperation.

 More research topics on Taiwan offshore windfarms will be in demand in

the near future.

 Offshore wind power talent cultivation is urgent in demand in Taiwan.

Conclusions
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Thank you for your attention!


