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Ørsted is a Danish majority state owned energy utility
We pioneered the offshore wind industry …

The world’s first
Vindeby, 1991

5 MW

Firsts outside 
Europe
Formosa 1 Wind Farm, 2019

128 MW (1st in Taiwan)

Block Island Wind Farm, 2016

30 MW (1st in USA)

The world’s largest
Hornsea 2, 2022

1,320 MW

30+ years experience of developing, 
building and operating offshore wind 
farms

› 8,900 MW in operation

› 2,200 MW under construction

› 1,800 turbines spinning

› 15,000 MW in operation by 2025

› 28 offshore wind farms in operation

› +3,000 dedicated offshore wind employees



Ørsted has worked closely with governments for 30 years and across more than 
12 markets on offshore wind regulation

Activities Status

In operation

Under development

Fossil-fueled power plant

Bio plant

Storage

Sales of energyBiomass-fired power plant

Solar

Onshore wind

Offshore wind

Under construction

United States
of America

In operation: 30MW
Under development: 7,500MW

In operation: 1,658MW
Under construction:665MW

Under construction: 1077MW

Under construction: 40MW

United Kingdom

In operation: 4,938MW
Under construction: 1,386MW
Under development: 4,000-5,000MW

In operation:
Renescience Northwich

In operation: 20MW

Sales of energy

Sweden

Sales of energy

Germany

Sales of energy

In operation: 1,370MW
Under development: 1,142MW

The Netherlands

In operation: 752MW
Taiwan

In operation: (Formosa 1) 128MW
Under construction: (Greater
Changhua 1 & 2a) 900MW
Under development: (Greater 
Changhua 2b, 3 &4) 920MW

In operation 1MW

South Korea

Under development: 
(Incheon) 1,600MW

Japan

Under development: (Choshi)
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Vietnam

Under development:
(Tuy Phong) +4,000 MW

Denmark

Sales of energy

In operation: 956MW

In operation: our CHP plants,
2,865MW power and 3,560MW heat

Under development: 
(Baltica 1) 1,000MW
(Baltica 2) 1,500MW

Poland

Estonia

Under development



30 years in business has given us world leading offshore wind transmission 
expertise
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Develop Build Operate

26 windfarms designed, 
built and in operation 
across 6 markets so far

Project scopes cover:-
WTGs, array cables, 
offshore substations, 
export cables, onshore 
substations, onshore 
transmission circuits

~2,700 km1 of export cables 
installed/under 
construction 

Longest cable installation 
~1,120 km in Hornsea 1, UK

Standardised ISO 
certification2

8.9GWoperationalcapacity, 
2.2GW under construction

>96% global operational 
availability3

Offshore wind value chain

Having been in business since 1991, we have built in-house transmission expertise 
across all steps of the offshore wind value chain

1: Assumption of a maximum capacity of 450MW/export cable and a factor of 1,55 on distance to shore for cable length
2: ISO 55001:2014 Asset Management (O&M & Integrity), 14001:2015 Environmental Management, 9001:2015
Quality Management, 45001:2018 Health & Safety Management
3: This means whenever the wind blows, we are producing green electricity 



The challenge of integrating 
renewables 
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Typical concerns about the impact of renewable energy on system stability

The wind doesnôt always blow and 
the sun doesnôt always shine ïso 

how do we get power 24/7?

We need so much backup and that 
makes renewable energy too 

expensive

We canôt power our country on 
100% wind and solar energy

Too much wind and solar will cause 
blackouts
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… fortunately, they can all be answered

The wind doesnôt always blow and 
the sun doesnôt always shine ïso 

how do we get power 24/7?

We need so much backup and that 
makes renewable energy too 

expensive

We canôt power our country on 
100% wind and solar energy

Renewables can generate the bulk of our power ïand 
combined with interconnection, large scale flexible storage 

(pumped hydro, compressed air), flexible demand and other 
technologies, we can ensure the needs for power are met

As levels of solar and wind increase in a system the need for 
backup reaches a plateau (levels out) as the uncertainty of 

output start to cancel out across the whole portfolio

Countries can significantly increase renewables in their 
energy mix. And in the future, smart grid technology, flexible 
storage, flexible demand and flexible backup will allow us to 

approach 100% renewable generation

Too much wind and solar will cause 
blackouts

With modern planning and grid operations, grids can 
integrate very high shares of variable renewables with no 

issue to reliability ïfor example the UK last January was 
operating with as much as 87.6% zero carbon generation 

and sometimes was operating with up to 64% wind

Concerns 
about grid 
operations 
and stability

Concerns 
about energy 
supply and 
sufficiency



Source: ENTSO-E, National Grid, PRIS
1. Scram rate for Sizewell B, a 1.2 GW nuclear power plant, equivalent to 400 wind turbines of 3 MW each
2. UK-France interconnector is a 2 GW sub-sea link between the 2 countries 8

Variability is not a new thing – it has always been an inherent feature of 
grid operations
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Power grid variability has many sources – and not all are caused by renewables:

Power plants face 

unplanned outages forcing 

them to shut down 

immediately and without 

notice

The power consumption 

varies minute by minute 

throughout the year – with 

a lot of uncertainty right up 

to real time

Power transmission lines 

also face unplanned 

outages, causing power 

flows to dramatically redirect 

immediately

Key insight: 

1. Variability is a known challenge for the 

TSOs.

2. In the UK over the past decade, it has 

been found that as the level of renewable 

generation has increased then the level 

of uncertainty has plateaued because of 

the diversity of renewable output

3. The accuracy of forecasting renewable 

output by the TSO has also improved 

substantially and this has had a very 

positive impact on the levels of backup 

required across the system

4. The solutions used to provide backup are 

essentially the same as is already in 

place to handle variability from other 

sources: good operational planning to 

identify the level of ancillary services and 

flexible demand required for backup

5. With the increase in renewable 

generation, demand flexibility and 

storage will be used more extensively as 

backup thereby improving the overall 

efficiency of the system



Blackouts are rare and not caused by renewable generation

Variable renewables aren’t the issue

– Blackouts are rare, and in general are caused by extreme 
weather events causing multiple tripping of circuits that 
ultimately collapse the system, e.g. storms or wildfires.

– Very rarely blackouts can be caused by system instability or 
voltage collapse, generally caused by poor system operation 
or errors in short term operational planning.

– Offshore wind generation is built to be able to ride through 
system faults and support the system at times of stress 

– The next generation of offshore windfarms may soon be 
designed with black start capability to restore the system 
following a blackout

Modern TSO’s are used to planning ahead to avoid 

– Increasing know-how on weather forecasts, renewable output 
prediction and demand modelling is allowing TSO’s to plan 
around the uncertainties and operate the system as reliably as 
ever

– TSOs anticipate potential problems and provide the strong 
coordination and communication to manage system faults and 
generation breakdowns without interruption to demand

– Good foresight creates a flexible electricity system

CASE: Predicting and planning ahead
Advanced weather forecasting helps predict wind and solar generation 
– and plan grid management accordingly

1) Nordpol
2) Joint letter from California Public Utilities Commission, California Independent System Operator and California Energy Commission, august 19, 2019
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CASE: Blackouts in California, Summer 2019

Joint letter from CA officials following rolling 
blackouts in August 2019

»Renewable energy did not cause the rotating 
outages. Our organizations understand the 
impacts wind and solar have on the grid. We 
have already taken many steps to integrate these 
resources, but we clearly need to do more. Clean 
energy and reliable energy are not contradictory 
goals.«2
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1) Source: CEER and EU Commission10

Avg. Security of supply

Key insight:

Quality of supply 

(i.e. the absence of 

interruptions) are 

not related to share 

of wind or solar 

generation ïbut to 

grid investment and 

management

VRES-share and supply interruptions in EU28, 20161

High share of renewable is compatible with security of supply
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Offshore wind as a “baseload”  
energy source



1) Source: IEA Offshore Wind Outlook 201912

Offshore wind is a reliable and predictable baseload energy source

Offshore wind’s high load factor distinguishes it as a ‘reliable and 
predictable baseload’, providing a stable, green alternative to 
thermal generation.

Offshore wind in some locations can operate at +50% capacity factor 

With its high availability and seasonality patterns it is able to make a 
stronger contribution to system needs than other variable renewables.1
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Solar PV

Onshore wind

Offshore wind

Offshore wind produces output for some 98% of the year

Duration curve, Denmark 2015

Key insight: 

Large scale offshore wind generation is a good fit to 

replace thermal generation

Its output is predictable and relatively stable 
WeeksWeeks

Hours in a year

Load factor

Average weekly load factor for offsore wind



1314
29

200

Offshore wind can provide very rapid power regulation

Upward and Downwards regulation of production

In MW per min for a 400MW module

• In the UK offshore wind has been regularly used to provide primary and secondary response for many years and is sometimes re-

despatched by the system operator to either balance demand or control the flows on the transmission system – effectively it is 

treated the same as thermal generation  
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CCGT

50% load

Coal fired power plant

>30% load

400 MW in <10 sec.

Offshore wind on 

request can 

Increase or decrease 

output very rapidly

OCGT

>30% load

Á When the wind is blowing offshore 

wind can and does provide rapid 

active power control, both as:

- Negative control power (reducing 

output)

- Positive control power (increasing 

output)

Á Given rapid ramp up and down times 

(3MW/s-40MW/s) offshore wind can 

provide primary, secondary and 

tertiary control

Source: Energinet.dk; Ørsted; BNEF

Offshore wind

Intertrip (such services 

used in UK)



1. Loss of load expectation (LOLE) is an approach based on probability and is measured in hours/year. It measures the risk across the 
whole winter of demand exceeding supply under normal operation. In 2015/16 actual LOLE performance was 1.1h/year, in 
2021/2022 it was 0.1hours/year.

Source: National Grid, MOIT

Offshore wind’s high load factor also offers system benefits
Case study: the UK is an energy island with limited DC interconnectors that combines high shares 
of offshore wind with high system stability
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Offshore wind’s generation share went from 5% in 2015 to 13% 
in 2020

Security of supply parameters such as Loss of Load Expectation1

improved significantly in that period
• LOLE went from 1.1h/year to 0.1h/year

National Grid, the UK TSO, says they can predict day-ahead 
offshore wind production better than day-ahead power 
demand

The UK has interconnectors to other markets equal to less than 
10% of installed capacity
o Vietnam is expected to have around 7% by 2030

Britain’s power market has a PMAX of 58 GW today, Vietnam’s 
PMAX will be 86 GW in 2030 – this big size gives Vietnam 
significant internal flexibility
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Key conclusions

• Offshore wind is a domestic and reliable “baseload” renewable energy source

• Offshore wind can contribute to keeping a stable and effective energy system

• Existing operational practices can be adapted by the TSO to manage the impact of Offshore wind in a 
reliable and efficient way



Thank you for your attention
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