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Offshore wind costs for projects commissioned in 2018 

For offshore wind projects completed in 2018, the global average capital cost was 
$4 353 per kilowatt (kW), and the average expected capacity factor was 43% (IRENA, 2019). 
Applying an 8% weighted average cost of capital (WACC) in advanced economies and 
7% WACC in developing economies, the global average LCOE for offshore wind in 2018 fell 
below $140 per megawatt-hour (MWh) (Figure 7).5 Recent auction results point to rapidly 
falling costs for offshore wind (Box 2). Nearly half of the LCOE for completed projects is 
directly attributable to the capital investment needed for offshore wind projects, including 
the costs of the turbine, foundation, internal cabling, substation and offshore transmission 
assets. The remaining half is attributable to the project financing cost, reflecting the high 
capital-intensity of offshore wind projects.  

Figure 7 ⊳ Offshore wind indicative shares of capital costs by component and 
levelised cost of electricity for projects completed in 2018 

  

Offshore wind generation costs are heavily influenced by the cost of capital and were 
about $100/MWh for projects completed in 2018 based on low financing costs 

Notes: WACC = weighted average cost of capital; Transmission includes offshore substations. 

Source: IEA analysis based on IRENA (2019), IJGlobal (2019) and BNEF (2019).  

Improved financing terms would significantly reduce the LCOE of offshore wind, as it would 
the cost of other capital-intensive technologies. For example, applying a 4% WACC to 2018 
costs and performance parameters yields an offshore wind LCOE of about $100/MWh, 
which is 30% less than the LCOE derived from the standard WACC. The sensitivity of the 
calculated LCOE to the cost of capital is also shown for projected costs in the section 
“Offshore wind costs, value and competitiveness”.  

                                                                                                                         
5 Standard assumptions are applied to all power generation technologies in the World Energy Outlook to 
represent the required return in the face of market conditions and investment risk. Operation and 
maintenance (O&M) costs below $100/kW per year and a 25-year economic lifespan are also assumed. 

Indicative shares of capital cost 
by component

20-30%
Transmission & 

inter-array cabling

30-40%
Turbine

15-20%
Installation

20-25%
Foundation  50

 100

 150

D
ol

la
rs

 p
er

 M
W

h 
(2

01
8)

Financing
Operation and maintenance
Offshore wind capital cost

Levelised cost of electricity

8% WACC

4% WACC

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.



 

Special Report | Offshore wind power today 25 

 

Offshore wind turbines constitute around 30-40% of total upfront capital costs. In an effort 
to improve the economics of this critical component, projects are getting larger, increasing 
the numbers of wind turbines to be delivered and enabling economies of scale, while at the 
same time equipment suppliers are using lighter and more resilient materials such as glass 
and carbon fibres for blade and nacelles6 manufacturing, as well as improving 
aerodynamics. Increasing the size of turbines is also having the effect of reducing the 
number of foundation positions and inter-array cabling, which is reducing installation and 
operation and maintenance costs. 

Offshore transmission, array cabling (internal wiring at a wind farm) and the offshore 
substation make up some 20-30% of total upfront capital costs. The costs for offshore 
transmission assets, in particular, are closely tied to the regional regulations for connecting 
the project to the onshore grid (see section “Onshore grid development”).  

Foundations account for nearly a quarter of total project costs. Monopile structures are 
currently the preferred technology, underpinning around 80% of deployment (WindEurope, 
2019). It is becoming possible to use this type of foundation in increasingly deep water – up 
to 55-60 m in some cases – thus reducing the need for more expensive jacket foundations, 
which are suited to deeper water and are the second most used technology globally. 

Box 2 ⊳  Rapid cost reductions are on the horizon for offshore wind 

Recent strike prices in Europe for offshore wind indicate significant cost reductions on 
the horizon (Figure 8). Some strike prices are at the level of wholesale electricity prices, 
though these are often underpinned by power purchase agreements. Exposure to 
wholesale prices increases market risks that can lead to higher financing costs, but 
competition can help drive down project costs. 

The allocation of transmission costs between developer and system operator is a key 
factor in auction awards. Strike prices where the developer does not need to bear the 
cost of the grid connection to shore have generally been lower. For example, the 
Dunkirk project in France was awarded to EDF at $50/MWh (EUR 44/MWh) but 
excluded the offshore transmission asset. Some recent auctions which exclude the cost 
of the offshore transmission assets have not involved subsidies, including Hollandse 
Kust Zuid I and II and Hollandse Kust Zuid III and IV in the Netherlands, and He Dreiht, 
Borkum Riffgrund West 1 and 2, and OWP West in Germany. 

Including the offshore transmission assets within the scope of the auctions does, 
however, bring competitive pressure to reduce the cost of the transmission asset and 
therefore could lead to lower overall prices in the future. This has been reflected in the 
recently awarded auctions in United Kingdom’s Dogger Bank wind farm, where Scottish 
and Southern Energy and Equinor have joint efforts to develop 3.6 GW of total capacity. 
The inclusion of transmission assets under the scope of developers, but also moving 

                                                                                                                         
6 Nacelle is the cover that houses all generating components of a wind turbine. 
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into deeper waters and consequently tapping into better resources, have been major 
drivers in bringing strike prices down to almost $50/MWh, on average. Ultimately, the 
responsibility to deliver these projects rest in the hands of offshore wind developers, 
and recent market signals indicate growing confidence from investors. This sets the 
stage for low-cost financing and for an increasing pipeline of future projects. 

Figure 8 ⊳ Historical LCOE of offshore wind and strike prices in recent 
auctions in Europe 

 

With transmission  Without transmission 

Project Strike price 
($/MWh) 

Expected  
COD 

 Project Strike price 
($/MWh) 

Expected  
COD 

United Kingdom  Germany 

Beatrice 185 2019  Baltic Eagle  74 2023 

East Anglia 1 152 2020  Gode wind 3  68 2024 

Triton Knoll 95 2021  Gode wind 4  112 2023 

Moray East 73 2022  Netherlands 

Hornsea 1 178 2022  Borssele I/II  83 2020 

Hornsea 2 76 2022  Borssele III/IV  62 2021 

Neart na Gaoithe 148 2023  Denmark 

Cr. Beck A Dogger Bank 51 2024  Horns Rev 3  118 2020 

Cr. Beck B Dogger Bank 54 2025  Kriegers Flak   57 2021 

Dogger Bank Teeside A 54 2025   Vesterhav 
Nord/Syd 

 73 2023 

Seagreen 54 2025  

Sofia 47 2026  France 

    Dunkirk  50 2026 
 

 Recent auctions in Europe set the stage for a fall in costs for new projects  
as the industry moves to deploy higher capacity turbines 

Notes: COD = commercial operation date; LCOE = levelised cost of electricity. Historical values 
correspond to LCOEs including transmission. Strike prices are included for projects of over 100 MW. 
Source: IEA analysis based on IRENA (2019). 
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Offshore wind outlook to 2040 

Global outlook 

The global offshore wind market is set to expand significantly over the next two decades, 
growing by 13% per year in the Stated Policies Scenario and faster still in the Sustainable 
Development Scenario. Bolstered by policy targets and falling technology costs in the 
Stated Policies Scenario, global offshore wind capacity is set to increase fifteen-fold from 
2018 to 2040 (Figure 9). Annual offshore wind capacity additions are set to double over the 
next five years and increase almost fivefold by 2030 to over 20 GW per year. Beyond 2030 
the cost competitiveness of offshore wind helps to maintain the pace of growth. Additional 
supportive policy frameworks, including designated auction schemes, drive further growth 
in the Sustainable Development Scenario. In this scenario, global offshore wind capacity 
rises to about 560 GW by 2040, a 65% increase over the Stated Policies Scenario, as part of 
accelerated efforts to decarbonise electricity supply. Annual capacity additions approach 
30 GW by 2030 and reach 40 GW in 2040.  

Figure 9 ⊳ Projected global offshore wind capacity and share of electricity 
supply by scenario 

Global offshore wind installed capacity increases by fifteen-fold in the  
Stated Policies Scenario, raising its share of electricity supply to 3% in 2040 

As the global offshore wind market expands, so does its role in supplying electricity around 
the world. In the Stated Policies Scenario, offshore wind accounts for 3% of global 
electricity supply by 2040. In the Sustainable Development Scenario, its share of global 
electricity supply rises to 5%.  

In the Stated Policies Scenario, cumulative investment in offshore wind is about $840 billion 
from 2019 to 2040. Annual investment in the offshore wind power sector averages 
$38 billion, double the level in 2018 (Figure 10). This level of investment means that 
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offshore wind accounts for 10% of investment in renewables-based power plants globally 
over the next two decades, roughly the same share as the total of bioenergy, concentrating 
solar power, geothermal and marine energy. Across the power sector more broadly, 
offshore wind captures almost 8% of all power plant investment, rivalling the share that 
goes to natural gas or to nuclear power over the period.  

Figure 10 ⊳ Cumulative capital spending on offshore wind, gas- and coal-fired 
capacity worldwide by scenario, 2019-2040 

 
Offshore wind is set to become a $1 trillion industry over the next two decades,  

matching capital spending on gas- and coal-fired capacity to 2040 

In the Sustainable Development Scenario, cumulative spending in the offshore wind sector 
rises by half to $1.3 trillion between 2019 and 2040 relative to the Stated Policies Scenario. 
This equates to roughly $60 billion of annual investment per year on average. This means 
more investment goes to offshore wind than to coal, gas or new nuclear power to 2040. 
Higher aggregate spending on other renewables during this period means that offshore 
wind attracts a similar share of total investment in renewables as in the Stated Policies 
Scenario (about 10%). 

Regional outlook 

In the Stated Policies Scenario, offshore wind growth is concentrated in six regions, 
reflecting policy ambitions, available wind resources and the improving economics of 
offshore wind. Europe and China lead the offshore wind market with over 70% by 2040 of 
installed capacity, while there is significant expansion in the United States, Korea, India and 
Japan, which between them capture about one-quarter of the global market (Figure 11). 
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Figure 11 ⊳  Installed capacity of offshore wind by region and scenario 

 

European Union and China account for 70% of the global offshore wind market to 2040,  
but a number of countries enter the market and increase their capacity  

As of mid-2019, many regions have adopted policy targets for offshore wind to 2030 
(Table 3). The European Union has the strongest ambitions to 2030, with targets in 
individual member states totalling 65-85 GW by 2030. China’s Five-Year plans are 
encouraging provinces to expand their construction capacities for offshore wind to 2020, 
while state-level targets set the course for rapid growth in the United States. India, Korea 
and Chinese Taipei also have ambitious targets, while other countries, including Japan and 
Canada, are laying the groundwork for future offshore wind development.  

Table 3 ⊳ Policies targeting at least 10 GW of offshore wind by 2030 

Region/country Policy target 

European Union 65-85 GW by 2030 

China 5 GW by 2020 (10 GW construction capacity) 

United States 22 GW by 2030 

India 5 GW by 2022 and 30 GW by 2030 

Chinese Taipei 5.5 GW by 2025 and 10 GW by 2030 

Korea 12 GW by 2030 

European Union continues to be the leader in offshore wind 

Offshore wind is set for robust growth in the European Union (EU) over the next two 
decades. In the Stated Policies Scenario, the European Union accounts for nearly 40% of the 
global offshore market by 2040, increasing installed capacity to almost 130 GW by 2040. 
Annual investment in the offshore power sector increases from $11 billion in 2018 to an 
average of $17 billion per year over the outlook period. Offshore wind also plays an 
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important role in meeting new electricity demand: output from new offshore wind projects 
far outpaces overall electricity demand growth to 2040, and offshore wind provides more 
than one-in-six kilowatt-hours generated within the European Union in 2040 (Figure 12). 

Figure 12 ⊳  Outlook for offshore wind in the European Union, 2018-2040 

 
In the European Union, offshore wind is set to play a central role and has the potential  

to become the largest source of electricity supply, matching onshore wind 

In the Sustainable Development Scenario, the European Union’s offshore installed capacity 
increases by almost 40% relative to the Stated Policies Scenario, reaching 175 GW by 2040. 
Cumulative investment in offshore wind reaches $500 billion over the projection period, or 
$23 billion per year. Together with other renewables, nuclear power and carbon capture, 
utilisation and storage, offshore wind lifts the low-carbon share of generation above 90% in 
the European Union in 2040. Offshore wind accounts for one-fifth of electricity supply in 
2040 and rivals onshore wind as the largest source of electricity in the European Union, 
exceeding nuclear power. 

Member states have made various commitments that underpin the future development of 
offshore wind in the European Union (Table 4).7 These targets are under regular review as 
offshore wind technology matures. The United Kingdom is set to be the leading EU offshore 
wind market to 2030, followed by Germany and the Netherlands. France, Poland and 
Ireland are also committed to develop offshore wind capacity. 

The offshore wind industry is looking to develop 180 GW of offshore wind in the North Sea 
by 2050 (NSWPH, 2019). The 2016 North Seas Energy Cooperation agreement brought 
together a number of European countries with the aim of improving conditions for the 
development of offshore wind in the North Sea. It prioritises four main work areas: 

                                                                                                                         
7 This includes countries such as Estonia, Belgium, Denmark, United Kingdom, Germany, Netherlands, 
France, Finland, Greece, Ireland, Latvia, and Poland, which have made technology-specific targets or 
permitting timelines for offshore wind technology. 
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maritime spatial planning; development and regulation of offshore grids; finance for 
offshore wind projects; and standards, technical rules and regulations for offshore wind. 
Alternative pathways to achieving a net-zero emissions economy may include significantly 
higher electricity demand due to demand for hydrogen or other fuels (see section 
“Increased demand for renewable hydrogen”) and expanded opportunities for offshore 
wind development, as seen in scenarios developed in support of the European Union’s 
long-term strategy that include 240-450 GW of offshore wind in 2050 (European 
Commission, 2018). 

Table 4 ⊳ Policy targets for offshore wind in the European Union 

Country Policy Capacity target  Year set 

United Kingdom UK Offshore Sector Deal   Up to 30 GW by 2030 2019 

Germany The Renewable Energies Act 15-20 GW by 2030  2017 

Netherlands The Offshore Wind Energy Roadmap 11.5 GW by 2030 2017 

Denmark Energy Agreement 5.3 GW by 2030  2019 

Poland Draft National Energy and Climate Plan Up to 5 GW by 2030 2018 

France Multi-Annual Energy Plan 4.7-5.2 GW by 2028 2019 

Belgium Draft National Energy and Climate Plan 4 GW by 2030 2019 

Ireland Climate Action Plan 2019 3.5 GW by 2030 2019 

Italy Draft National Energy and Climate Plan 0.9 GW by 2030 2018 

China moves strongly ahead with offshore wind 

China has already undertaken a number of offshore wind projects and is set to play a 
central role in the long-term growth of offshore wind, alongside the European Union. In the 
Stated Policies Scenario, China has the largest offshore wind fleet of any country around 
2025, surpassing the United Kingdom. Offshore wind capacity additions steadily increase 
throughout the period of the outlook, averaging more than 6 GW per year after 2030 
(Figure 13). Average annual investment in the offshore wind likewise rises from $6 billion in 
2018 to $9 billion per year from 2019 to 2040, accounting for nearly one-quarter of global 
investment in offshore wind over the period.  

In the Sustainable Development Scenario, China reaches almost 175 GW of installed 
capacity by 2040, matching the size of the offshore wind fleet in the European Union. 
Annual investment increases to $13 billion on average between 2019 and 2040, meaning 
that 8% of total power plant investment in China is allocated to offshore wind. 

Improving economics and firm policy support guide China’s ambitions for the offshore wind 
sector. The country’s 13th Five-Year Plan calls for 5 GW of capacity to be installed by 2020 
and for 10 GW more to be in the construction pipeline, split among the coastal provinces so 
as to help develop local supply chains (Table 5). The National Development and Reform 
Commission (NDRC) recently adopted a competitive bidding scheme for offshore wind 
capacity in an effort to drive down costs (NDRC, 2019). Around 2030, offshore wind reaches 
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cost parity with coal-fired generation in LCOE terms, a critical milestone that supports 
continued long-term growth in China. In the Sustainable Development Scenario, CO2 pricing 
helps offshore wind reach cost parity with coal-fired power plants in the mid-2020s, and 
this leads to accelerating average capacity additions of over 10 GW per year after 2030. 

Figure 13 ⊳  Outlook for offshore wind in China, 2018-2040 

 

China builds as much offshore wind capacity as the European Union over the  
next two decades, with its growth complementing other low-carbon sources 

Table 5 ⊳ Offshore wind targets by province in China’s 13th Five-Year Plan 

Province 
Grid-connected  

by 2020  
(MW) 

Total construction  
pipeline by 2020  

(MW) 

Tianjin 100 200 

Liaoning - 100 

Hebei - 500 

Jiangsu 3 000 4 500 

Zhejiang 300 1 000 

Shanghai 300 400 

Fujian 900 2000 

Guangdong 300 1 000 

Source: China National Development and Reform Commission (2016). 

United States 

Offshore wind gains significant ground in the United States over the next two decades. In 
the Stated Policies Scenario, the United States adds nearly 40 GW of offshore wind capacity 
by 2040, with related investment totalling $100 billion over the period. In the Sustainable 
Development Scenario, the United States increases its offshore wind capacity by 80%, 
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reaching nearly 70 GW by 2040. This pace of growth calls for average investment of over 
$7 billion per year. Offshore wind provides over 5% of the US electricity supply in 2040, 
compared with the 3% level reached in the Stated Policies Scenario (Figure 14).  

Figure 14 ⊳ Outlook for offshore wind in the United States, 2018-2040 

 

Offshore wind is set to gain traction in the United States after more than a decade  
of false starts, reaching 3% of generation in the Stated Policies Scenario 

Note: No offshore wind capacity was completed in 2018 in the United States. 

Table 6 ⊳ Offshore wind targets and support policies in the United States 

State/Jurisdiction Policy 
Target, awards or 
incentives 

Year 

New York Climate Leadership and Protection Act 9 GW installed by 2035 2019 

Massachusetts 
Act to Advance Clean Energy,  
Act to Promote Energy Diversity 

3.2 GW installed by 2035 2016 

New Jersey Offshore Wind Economic Development Act 3.5 GW installed by 2030 2018 

Connecticut 
Act Concerning the Procurement of Energy 
Derived from Offshore Wind 

2 GW installed by 2030 2019 

Virginia Virginia Energy Plan 2 GW installed by 2028 2018 

Maryland Clean Energy Jobs Act 1.2 GW installed by 2030 2019 

Rhode Island ’20 Clean Energy Goal 1 GW by 2025 2019 

US Federal Production tax credit (PTC)  $0.009-0.023/kWh* 1992 

US Federal Investment tax credit (ITC) 12-18%**  2002 

* The exact value of the PTC for wind facilities depends on the year of construction. ** The ITC applies to 
projects starting construction before 2020. 

A combination of federal incentives and state-level targets support the strong growth of 
offshore wind in the United States. The US Bureau of Ocean and Energy Management has 
tendered over 15 licences for offshore wind development along the east coast that are 
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capable of supporting 21 GW of offshore capacity.8 There have also been proposals in the 
US Congress to extend the tax credits available to offshore wind developers. Individual 
states are also setting offshore wind capacity targets totalling over 20 GW by 2035 
(Table 6). In a nod to the important role of offshore wind in achieving its ambitious 
decarbonisation targets, New York revised its offshore wind target upwards from 2.4 GW to 
9 GW by 2030. The technology could also play an important role in California’s 
decarbonisation plan, but the state has not specified a capacity target for offshore wind. 

Emerging markets 

Offshore wind is set to establish itself in a number of new markets in the Asia Pacific region, 
outside of China. In the Stated Policies Scenario, countries including Korea, India and Japan 
account for close to 60 GW of offshore wind capacity by 2040. They account for one-sixth 
of cumulative global investment in offshore wind, equating to over $6 billion in average 
annual investment over the outlook period. In the Sustainable Development Scenario, 
markets in the Asia Pacific region excluding China have average annual investment of close 
to $10 billion over the period to 2040. 

Korea becomes the largest market for offshore wind outside the European Union, China 
and the United States, reaching 25 GW of capacity by 2040 in the Stated Policies Scenario. 
Ambitious policy targets in Korea set under its Renewable Energy Plan 3020 mean that 
offshore wind provides more than 10% of the country’s electricity by 2040, complementing 
16% of electricity generation from solar PV and onshore wind. In terms of generation costs, 
the LCOE of offshore wind reaches parity with onshore wind and solar PV in the 2030s. 

Offshore wind development also makes notable progress in India, but faces stiff 
competition from low-cost solar PV and onshore wind. India has set ambitious targets for 
offshore wind by 2030 and is expected to tender its first 1 GW wind farm in late 2019. 
Installed capacity reaches 16 GW by 2040 in the Stated Policies Scenario, generating more 
electricity than solar PV in India does today. This installed capacity increases by an 
additional 40% in the Sustainable Development Scenario to 23 GW by 2040, requiring 
approximately $2 billion in average annual investment.  

Although Japan has not yet set a firm target for offshore wind by 2030, recent legislation 
established eleven promotion zones in five prefectures, with competitive auctions to 
support offshore wind deployment. In the Stated Policies Scenario, Japan has 4 GW of 
installed capacity by 2040. In the Sustainable Development Scenario, the total reaches 
18 GW, providing nearly 7% of the country’s electricity in 2040. While most of Japan’s 
current project pipeline uses fixed-bottom type turbines, there are relatively few shallow 
areas available offshore, and this means that more ambitious deployment of offshore wind 
is likely to be tied to the successful development of floating turbines. Japan has a series of 
experimental floating wind farms in place.  

                                                                                                                         
8 Number of licenses as of mid-2019. 
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A number of other countries outside Asia are now actively appraising their offshore wind 
resources. Much of this development hinges upon sustained political support and the 
development of local supply chains. Chinese Taipei has set offshore wind targets for 2025, 
while a number of countries with significant offshore potential, including Brazil, South 
Africa, Sri Lanka and Viet Nam, have expressed interest in the World Bank’s offshore wind 
emerging markets fund. This programme provides upwards of $5 million in funding for 
offshore wind research and supply chain development (World Bank, 2019). 

Offshore wind costs, value and competitiveness 

The long-term prospects for offshore wind depend to a large extent on how competitive it 
is with other sources of electricity. This section considers the evolution of the cost 
components of offshore wind, ultimately expressed through the LCOE, the system value of 
offshore wind, and its competitiveness based on the value-adjusted LCOE metric.  

Capital costs 

The development of offshore wind is gathering momentum. The technology is in a dynamic 
stage, and developers are working to bring down costs in established and new markets with 
support from governments and regulators. Project-level upfront capital costs will continue 
to depend on the choice of site, and on the inevitable trade-offs between distance from 
shore, water depth and quality of the resource.  

The evolution of capital costs for power generation technologies is heavily influenced by 
whether there is a sufficient pipeline of projects to create the necessary momentum for a 
technology to develop. Global average upfront capital costs for offshore wind (including 
transmission) are projected to decline to below $2 500/kW by 2030, more than 40% below 
today’s average. This is based on the assumed learning rate that sees capital costs decline 
by 15% each time global capacity doubles. By 2040, global average offshore wind costs are 
projected to fall to $1 900/kW. Increased deployment enables industry learning about 
offshore wind project development and management, as well as providing opportunities to 
establish efficient supply chains. Wind farm operators are learning how to push costs down, 
and equipment manufacturers are learning how to bring bigger and more efficient 
components to the market.  

Excluding transmission costs, the global upfront capital costs of offshore wind projects 
averaged some $3 300/kW in 2018 and are projected to decline to $1 500/kW in 2030 and 
under $1 000/kW in 2040 with the level of deployment in the Stated Policies Scenario. This 
would mean that in 2040, transmission capital costs would be on a similar level as the 
offshore wind farm. However, individual project costs varied widely reflecting project 
specifics and regional particularities (Figure 15). The availability of sites in relatively shallow 
waters is a critical determinant of project costs, as it is the case of the Netherlands, where 
projects to be commissioned in the first-half of the next decade are at the lower end of the 
global cost range (PBL, 2019). Capital costs are also likely to be lower in places where there 
are enough projects of sufficient size to achieve economies of scale, as in China. 
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Figure 15 ⊳ Capital costs of offshore wind projects excluding transmission, 
historical and projects in development 

 

Continued industry learning propels offshore wind down the cost curve, and cost reductions 
can be enhanced through policy frameworks that support a healthy project pipeline  

Note: Capital costs refer to the year of commissioning. 

Sources: IEA analysis based on IJGlobal (2019), BNEF (2019) and company reports. 

In Europe, the largest offshore wind market in terms of installed capacity, measures that 
harness competitive forces such as auctions are putting downward pressure on costs and 
generally making cost information more transparent. Continued policy support and long-
term design improvements in the clustering of offshore wind farms are also helping with 
cost reductions. Excluding transmission costs, upfront capital costs for offshore wind farms 
in Europe were around $4 000/kW in 2018, though the project pipeline points to rapidly 
falling costs in the near term. Average offshore wind costs are projected to decline to 
below $2 000/kW in 2030 without transmission costs, and to about $1 500/kW in 2040. 

In China, the first commissioned offshore wind projects were relatively close to shore – the 
average distance was less than 20 km (The Wind Power, 2019). This helped to keep total 
upfront capital costs (including transmission) below $2 800/kW in 2018. China is likely to 
see a range of project-level costs for some time as new projects adapt to specific site 
conditions. In the Stated Policies Scenario, capacity additions of 100 GW in China over the 
period to 2040 help drive down total upfront capital costs of offshore wind by nearly half. 

Offshore transmission costs 

There is a trend towards locating offshore wind farms further from shore. This highlights 
the importance of developing more advanced connection technologies and establishing 
appropriate regulations to govern the connection arrangements (Figure 16).  
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Figure 16 ⊳ Offshore wind: average distance from shore by country  

 

Offshore wind farms have been moving into deeper waters, amid a trend of increasing 
project sizes, that have impacted offshore transmission design as well as foundations 

Sources: IEA analysis based on The Wind Power (2019) and BNEF (2019).  

Large offshore wind farms that are more than 10 km from shore are usually attached to an 
offshore substation that is connected to an onshore substation. There are two main 
technologies behind offshore connections: alternating current (AC) systems that transport 
electricity directly through AC cables; and direct current (DC) systems where the current is 
converted from AC to DC in converter stations and back to AC in the onshore substation 
before the electricity is supplied to a grid. Even without considering the cost of substations, 
AC transmission has a cost advantage over short distances, but over longer distances high-
voltage DC (HVDC) transmission can offer significant cost savings (Figure 17). 

To date, offshore wind farms have been mostly connected to shore by radial offshore 
transmission assets, which imply one transmission line connecting one offshore wind farm, 
and the offshore transmission assets being viewed as part of the wind farm. However, 
where there are conflicts of use or spatial planning requirements, offshore wind farms can 
be designed as clusters in which several projects are connected to what is defined as an 
offshore “hub-and-spoke” with the aim of avoiding the impact that building several 
offshore transmission assets would have, while also reducing costs. That is the case with 
the North Sea Wind Power Hub, where Tennet together with Energinet.dk, Gasunie and the 
Port of Rotterdam are shaping a power hub in the North Sea. Tennet, the national 
transmission system operator in the Netherlands, has been playing a leading role since the 
installation of Borwin1. This was the first HVDC connection commissioned in Germany in 
2010, with a capacity of 400 MW and 125 km offshore. Today, the longest offshore cable is 
located in Germany and spans 160 km, while the largest capacity of an offshore cable 
supports 916 MW. 
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Figure 17 ⊳ Indicative upfront capital cost for high-voltage transmission cables 
by type and distance from shore 

 

With increased distances from shore, offshore wind farms require new transmission 
connection technologies and regulation models to bring project costs down 

Note: Installation costs for transmission cables vary based on site conditions.  

Sources: IEA analysis; Xiang et al. (2016); DIW ECON (2019).  

The responsibility for designing, installing and maintaining offshore transmission assets is 
defined by regulation, and can rest with the transmission system operator (TSO), 
government or project developer. This differs from arrangements for onshore wind, where 
transmission line liabilities are nearly always the responsibility of TSOs.  

There are several models for developing offshore wind transmission in Europe. In the 
United Kingdom, licences for offshore transmission assets are granted through competitive 
auctions where offshore wind farm developers can also be in charge of building the 
transmission asset and then transfer it to the TSO or to a competitively appointed offshore 
transmission owner for operation. In other European markets such as Germany, 
Netherlands, France and Denmark, it is currently the system operator that provides the 
offshore grid connection (and in some cases the offshore substation), although Denmark 
has announced its intention to bring responsibility for developing offshore transmission 
assets into its competitive bidding framework. 

There is not a one-size-fits-all solution that could guarantee the perfect regulatory 
framework to manage offshore transmission assets. TSOs may be able to achieve better 
co-ordination and standardisation of projects when the transmission connections fall under 
their scope. Equally it could be argued that including offshore transmission assets in 
auction schemes harnesses competitive market forces and could lower infrastructure costs 
(DIW ECON, 2019). Market transparency and long-term planning should be at the heart of 
whatever approach is taken, together with the need to support the development of 
offshore wind (Box 4). 
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Operation and maintenance costs 

In much the same way as capital costs, operation and maintenance (O&M) costs are going 
through a phase of major development and improvement that is leading to cost reductions. 
Global average O&M costs for offshore wind stood at about $90/kW in 2018, and are 
projected to go down by one-third by 2030, before declining towards $50/kW in 2040. 
Regions, such as China, where offshore wind markets are more developed show lower costs 
for O&M than others (Figure 18). 

Figure 18 ⊳  Regional average annual O&M costs for new projects 

 
Economies of scale and industry synergies, along with digitalisation and  

technology development will bring current costs for O&M down by 40% in 2040 

Digitalisation is bringing new techniques for monitoring that proactively identify failures 
not only in the turbines but also in structures and connections, helping to reduce costs. For 
example, the use of drones for visual inspections can enable preventative maintenance and 
cuts down on the need for labour-intensive inspections, along with speeding up 
maintenance work. In addition, synergies with the oil and gas industry have allowed 
offshore wind projects to draw on that industry’s expertise in offshore structures in 
planning and carrying out maintenance activities (see section “Synergies with oil and gas 
activities”). The result of these improvements can help prolong the expected lifetime of 
projects, improving their economics and reducing the LCOE for offshore wind. 

Capacity factors 

As set out in the section “Offshore wind technology and performance”, offshore wind 
technology advancements are helping to improve performance. The size of turbines has 
increased and most current projects under construction in Europe involve the installation 
of 8-10 MW models (WindEurope, 2019). Larger turbines are able to raise wind farm 
electricity production by reaching a wider range of wind speeds, ultimately generating 
more electricity. Offshore wind farms are moving further from shore, where wind speeds 
tend to be higher – the maximum distance reached 90 km in recent years while distances 
rarely exceeded 20 km before 2006 (IRENA, 2019).  
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Figure 19 ⊳ Regional average annual capacity factors for new projects  

 
Technology advances including bigger turbine sizes and operation in areas with high 

quality wind resources will boost offshore wind performance in the years ahead 

Sources: IEA analysis based on IRENA (2019). 

The ability to make use of higher quality wind resources by moving into deeper waters 
further from the shore has helped capacity factors reach 43% (after wake losses) for 
projects commissioned in 2018. Global average capacity factors are expected to increase by 
five percentage points by 2040 (Figure 19). Capacity factors move towards 60% in Europe 
by 2040 as a consequence of high quality resources and technology development. In China, 
new projects reach 45% annual capacity factors in 2040. Korea and India have lower quality 
wind resources overall, but new offshore wind projects are still expected to see capacity 
factors near 40%. 

Cost of financing 

Global investment in offshore wind totalled around $20 billion in 2018. Improved market 
maturity, underpinned by policies, regulations and the early involvement of public finance 
players, has facilitated lower cost financing over time from a diverse set of actors. Project 
finance – a financing model that requires a high degree of co-ordination and risk allocation 
among developers, banks and other actors – now represents the largest source of new 
asset financing. This suggests improved investor confidence in offshore wind developments 
and a greater degree of project standardisation than a few years ago, when most finance 
came from the balance sheets of developers and government-backed sources.  

Commercial banks have increased their financing of offshore wind projects, a reflection of 
both the stable policy frameworks put in place in a number of countries and the successful 
track record of well-known investors involved in providing backing for early projects. The 
participation of public finance institutions such as the European Investment Bank, EKF in 
Denmark and KfW development bank in Germany has been instrumental in helping to 
manage risk and attract private capital, but their involvement has declined as the market 

20%

40%

60%

2018 2030 2040

Europe
United States
World
Japan
China
India
Korea

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.



 

Special Report | Offshore wind outlook to 2040 41 

 

achieved higher degrees of scale and as an array of private sector investors entered the 
market (IEA, 2018a). At the same time, there is a growing market for refinancing, whether 
by banks or through the capital markets, as well as for asset acquisitions on the part of 
institutional investors and pension funds. 

Figure 20 ⊳ Offshore wind: indicative nominal cost of debt in Europe (left) and 
LCOE sensitivity analysis to cost component changes (right) 

 
Offshore wind in Europe has benefited from low interest rates and debt risk premiums, 

allowing developers to decrease project WACCs, the largest component of LCOE 

Note: WACC = weighted average cost of capital; LCOE = levelised cost of electricity.  

Sources: IEA analysis based on Bloomberg (2019) and company reports. 

Debt financing terms continue to improve for projects in Europe. Project leverage has 
increased – the debt-to-equity ratios for projects achieving financial close averaged 75% in 
2018, compared with 60% a decade earlier – which indicates that commercial banks are 
now more comfortable with offshore wind projects. Borrowing has been eased by low 
interest rates and lower debt risk premiums: loans are currently priced at 120 to 175 basis 
points above base rates (Figure 20) and maturities have typically increased to around 
15-18 years (Green Giraffe, 2019). Nevertheless, these terms are most common for projects 
benefiting from long-term power purchase agreements awarded via government schemes 
or through contracting with a corporate off-taker: the bankability of projects relying on a 
high degree of revenue from wholesale markets remains less certain. 

On the other side of the equation, the cost of equity has evolved in the same kind of way, 
with lower perceived risks from investing in offshore wind assets being underpinned by 
supportive policies. This has led to the cost of equity nearly halving over the last decade for 
companies operating in the most mature markets. The combination of lower financing 
costs and higher debt-to-equity ratios has directly shaped the potential WACCs that 
offshore wind farms have been able to achieve in recent auctions, and has led to some 
recent auctions being able to take place without any government subsidies.  

1%

2%

3%

4%

5%

6%

7%

2010 2014 2018

Indicative cost of debt

Base rate

Low risk 
premium

High risk premium

2%

4%

6%

8%

10%

12%

14%

2010 2014 2018

Indicative cost of equity: top-five 
offshore wind European companies

Weighted average
(by capacity installed)

IE
A

. A
ll 

rig
ht

s 
re

se
rv

ed
.



 

42 Offshore Wind Outlook 2019 | Special Report 

 

Levelised cost of electricity 

The levelised cost of electricity (LCOE) combines all the previously described elements into 
a single number representing the average generation cost for a technology. The cost trends 
described in this section taken together mean that the global average LCOE of offshore 
wind is set to decline from the 2018 level by nearly 40% to 2030, and nearly 60% to 2040. 
Applying a standard WACC representing full market risk (7% in developing economies and 
8% in advanced economies), the global LCOE falls from $140/MWh in 2018 to less than 
$90/MWh in 2030 and close to $60/MWh in 2040. Based on the same underlying 
technology costs and performance parameters but applying low-cost financing (WACC of 
4%), the global LCOE of offshore wind declines from $100/MWh in 2018 to $60/MWh in 
2030 and less than $45/MWh in 2040. 

Offshore wind costs are set to decline in all regions. Improvements in wind turbine and 
foundation designs, construction processes and O&M procedures tend to have spill over 
effects, driving down costs in all markets as global deployment increases. Individual 
markets can accelerate those cost reductions further by using the development of a healthy 
project pipeline to help establish efficient supply chains for both equipment manufacturing 
and technical expertise. The LCOE of offshore wind is also influenced by the quality of wind 
resources and water depths in areas available for energy development.  

Applying a 4% WACC on the basis of the prevailing costs of debt and equity in the region, 
the average LCOE of offshore wind in the European Union declines from $104/MWh in 
2018 to just over $60/MWh in 2030 in the Stated Policies Scenario (Figure 21). Excluding 
transmission assets, the LCOE of European Union offshore wind farms is just $44/MWh in 
2030. This is the relevant point of comparison for strike prices in markets such as Germany 
or the Netherlands where transmission costs are socialised by transmission system 
operators, paid through levies to consumers. It is also a relevant benchmark when 
considering dedicated projects for hydrogen and other electro-fuels. In China, where capital 
costs are lower but current capacity factors are lower as well, the LCOE averaged around 
$125/MWh in 2018 (applying a 7% WACC). Based on global and local deployment, offshore 
wind costs in China are projected to fall to $70/MWh in 2030 and $55/MWh by 2040, 
reaching cost parity with coal-fired power generation around 2030. The costs of offshore 
wind in nascent markets, including the United States, are linked to technology 
development elsewhere, but are relatively uncertain until the markets evolve. 

A number of factors influence the LCOE for offshore wind, but financing costs are among 
the most important. As noted, a four point decline in the cost of capital – as a result of 
improved debt terms, but also a lower cost of equity from developers (IEA, 2019a) – 
translates into nearly a 30% reduction in LCOE. Improved capacity factors are another 
critical element for project costs, as are associated technology developments that benefit 
from economies of scale and standardisation. A 20% reduction in total project capital costs 
could reduce LCOE by about a further 17%. The LCOE benefits across the board from the 
economies of scale and the standardisation of processes and manufacturing supply chains 
that are examined more in depth in the next section.  
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Offshore wind is a rapidly maturing renewable energy 
technology that is poised to play an important role in 
future energy systems. In 2018, offshore wind provided 
a tiny fraction of global electricity supply, but it is 
set to expand strongly in the coming decades into a 
$1 trillion business. Turbines are growing in size and 
in terms of the power capacity they can provide, 
which in turn is delivering major performance and 
cost improvements for offshore wind farms.

This new World Energy Outlook special report provides 
the most comprehensive analysis to date of the global 
outlook for offshore wind, its contributions to electricity 
systems and its role in clean energy transitions. The 
report is a deep dive into offshore wind, giving a 
snapshot of where the market, technology and policies 
stand today – and mapping out how they may develop 
over the next two decades. It draws on a state-of-the-art 
geospatial analysis of the world’s offshore wind 
resources and explores the implications of the 
technology’s growth for global environmental goals 
and energy security.
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