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The UK government’s target 
for offshore wind capacity 
is 40GW by 2030, and 
much higher deployment 
is possible beyond 2030. 
As a result, Offshore Wind 
(OSW) is likely to be a 
dominant part of any future 
UK power system. This, 
along with other factors, 
means that the entire energy 
system in 2050 will be very 
different to today’s system.

Project  
introduction

 

The OSW Sector Deal recognised that the 
integration of very high levels of renewables 
into the wider energy system, whilst minimising 
increases in the cost of operating the energy 
system, presents a considerable and multi-
faceted challenge. The Offshore Wind Industry 
Council (OWIC) therefore established a Task 
Force to ‘Solve the Integration Challenge’.

OWIC commissioned Energy Systems 
Catapult (ESC) to examine optimisation 
of the whole UK energy system (across all 
vectors) with increasing deployment of 
offshore wind generation, and the impacts 
on system requirements, integration, and 
market, policy and regulatory development.

More information

This document provides a summary of the 
work and findings from Workstream A: System 
Requirements, Flexibility and Integration. 

More detailed information, including more 
detail on the modelling, is available in the  
final report for Workstream A. 

https://es.catapult.org.uk/reports/solving-the-
offshore-wind-integration-challenge/

A separate final report is also available  
for the parallel Workstream B (led by  
Offshore Renewable Energy Catapult) which 
examined the opportunities for hydrogen 
generation and use coupled with OSW 
generation, including the potential for export.

The methodology and modelling tools used 
are summarised in the Modelling Approach 
section at the back of this report (page 18).  
The approach uses Energy Systems Catapult's 
national whole energy system model and its 
new storage and flexibility model.

Three specific scenarios are described:

• Further Ambition Unforced
• Further Ambition 125
• Alternative Net Zero 125

These represent different potential 
decarbonisation pathways:

a.  with differing levels of system stress (i.e. 
the relative difficulty in achieving carbon 
targets under various conditions), and

b.  with different levels of OSW deployment 
(either a specified 125GW OSW or a lower 
‘unforced’ level of about 67GW).

Modelling Approach
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Potential OSW Capacity 
Credible, cost-effective systems are possible  
in 2050 with installed OSW capacity of up to 
150GW, though at greater total system cost.  
System cost optimisation indicates at least  
50–70GW in all scenarios.  p6

Preference for diversity 
A diverse mixture of energy supply technologies 
with different operational profiles is preferable 
making it easier for the system to respond in 
periods of high stress.   p6

Back-up capacity 
Greater OSW deployment requires greater 
capacities of backup plant to manage rare 
low-renewable weeks. For 125GW OSW, 
this requires roughly 100GW of thermal 
generation (mainly H2 turbines & CCGTs) 
and 18GW of storage assets.  p8

System control 
As increased OSW displaces conventional 
synchronous plant, system stability and reliability 
can be maintained by implementing new control 
approaches and smart grid technologies. 
Some innovation is required, but most of the 
technologies and techniques already exist.  p12

Ancillary services 
Procurement of greater volumes and different types 
of system services will be required, including through 
new markets and market signals. With innovative 
control applications, wind farms could potentially 
contribute to these ancillary services.  p12

Daily supply and 
demand balancing 
Extensive storage and flexibility are required across 
all vectors — with electric, thermal and gaseous 
storage (including demand side management 
from domestic thermal storage) all being deployed 
alongside interconnectors.  p8
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Hydrogen’s roles  
across vectors
Hydrogen is produced year-round for 
decarbonised industry, transport and some 
heating, as well as flexibility. Over 200 TWh 
of hydrogen production in 2050.  p6 

Hydrogen storage 
Storage is required for back-up capacity. 
Additionally, hydrogen linepack contributes to 
daily flexibility. However, modelling suggests that 
there will be little seasonal hydrogen demand 
variation, so it is not clear that there is any 
significant need for seasonal storage.  p10

Revenues 
OSW technology is rapidly approaching maturity 
and grid parity. However, under current market 
conditions, increased OSW deployment is expected 
to lead to lower realisable revenues.  p14

Innovation opportunities
Integration of very high levels of OSW generation 
could benefit significantly from innovations spanning 
technological, organisational, and market, policy 
and regulatory spaces (e.g. wind farm operational 
capabilities, smart grid implementation, etc).  p16

Evolving markets and 
investment conditions 
To fully unlock the potential for OSW, a new vision  
is required for a net zero market framework for  
the energy system, including flexibility provision  
and improved price signals.  p14

OSW curtailment 
Least-cost whole-system optimisation 
results in approximately 30% curtailment 
of OSW generation.  p10
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What are the features  
of economically  
efficient 2050 systems  
with high penetrations  
of offshore wind?

Offshore wind is likely to be a dominant part of any 
future UK power system.  In more than 40 initial 
modelling runs, under various different assumptions, 
and in the more detailed study of the Further Ambition 
Unforced scenario (see page 18), installed capacity 
was always at least 50-70GW. This is a significant 
increase from 10GW today, and in every case 
OSW was the largest source of electricity 
generation in 2050, reflecting OSW’s proven ability 
to produce low cost, low carbon electricity.

To assess the impact of OSW beyond 70GW, our 
work analysed systems with different minimum 
levels of offshore wind up to 150GW. Credible, 
cost-effective system designs were still possible 
(subject to market reforms discussed later) even at 
this very high penetration — although total system 
costs were higher.  This provides further assurance 
that significant further OSW development is likely to 
be of benefit to the UK’s energy transition.

Figure 1 is an illustrative example, using the 
Alternative Net Zero 125 scenario. This shows OSW 
as by the far the largest dispatched capacity on a 
normal winter evening, with high demand (93GW) 
and abundant wind. During periods of peak system 
stress, with high demand (91GW) but low wind 
availability, generation needs are predominantly 
met in similar amounts by OSW, Combined Cycle 
Gas Turbines with Carbon Capture and Storage 
(CCS) at 99% capture rate, and hydrogen turbines.

The different system designs evolving to 2050, as a 
result of different scenarios, all use OSW extensively. 
However, substantial variations between them give 
the following insights into what factors result in an 
economically efficient low carbon system:

•  Preference for diversity: A diverse mixture 
of energy supply technologies with different 
operational profiles is preferable, making it easier 
to respond to high stress periods (e.g. long 
winter periods of low wind). In the absence of a 
specified OSW level, wind (both offshore and 
onshore) is complemented by greater quantities 
of other renewables, and by nuclear generation.

Figure 1: OSW is typically the largest source of electricity 
generation (Alternative Net Zero 125 scenario), with back up 
plant supporting in rare periods of low wind availability.

Whole system 
insights

Dispatched 
capacity (GW) 
during normal 
winter evening, 

2050

 CCS  1.7
 OSW  84.4
 Hydrogen  2.0
 Nuclear  0.2

 Other RES  1.9
 Storage  0.8
 Thermal  0.0
 Onshore Wind  0.3

 BECCS  2.0
 Solar  0.0

Dispatched 
capacity (GW) 

during low wind 
peak period, 

2050

 CCS  30
 OSW  28.5
 Hydrogen  26
 Nuclear  3.4

 Other RES  2.6
 Storage  1.0
 Thermal  0.2
 Onshore Wind  0.1

 BECCS  0.3
 Solar  0.0
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•  Clean thermal: Increasing levels of OSW 
deployment are supported by greater levels 
of dispatchable clean thermal generation — 
hydrogen fuelled turbines and Combined Cycle 
Gas Turbines with CCS (with 99% capture rate 
in the Alternative Net Zero pathway). This can 
cost-effectively help to manage stress periods 
and provide some flexibility.

•   Nuclear: Nuclear deployment is maintained 
significantly in the modelling, driven by the 
substantial electrification of heating and 
transport, and by nuclear plant’s ability to 
meet this reliably with relatively low costs and 
emissions.  However, when wind generation 
deployment levels are progressively increased, 
it is difficult for nuclear to operate with sufficient 
flexibility required in a system optimised for 
the characteristics of wind rather than nuclear.  
Between the Further Ambition Unforced 
and Further Ambition 125 scenarios, nuclear 
capacity and annual generation are reduced 
from 37GW/290TWh to 8GW/37TWh.

•  Hydrogen’s roles across vectors: Over time,  
the predominant role of hydrogen turbines  
and thermal plant (Combined Cycle Gas 
Turbines with CCS) becomes supporting system 
margin and peaking. Gas-fired technologies 
remain vital to supply security. In both summer 
and winter, hydrogen is produced extensively,  
to enable decarbonisation and support real-
time needs within industry, transport and 
heating. Hydrogen production and storage 
also provide key sources of system flexibility 
— managing electricity balancing through 
electrolysis control and hydrogen turbines, 
and managing hydrogen supply. All scenarios 
include over 200 TWh of hydrogen production 
in 2050. Annual consumption of hydrogen in 
2050 (for the Alternative Net Zero 125 scenario) 
is shown in Figure 2.

•   Transport and heat: The preferred transport 
and heat system designs vary little with 
scenario changes, including levels of OSW 
capacity. For heating, electrification via air-
source heat pumps is the typically preferred 
option.  For transport, electrification of light-
duty vehicles is also generally selected, with 
some hydrogen use;  for heavy duty vehicles, 
hydrogen is generally preferred with ammonia 
being used extensively for maritime shipping.

Overall system cost impact of high OSW was 
considered. This analysis found that in all the 
scenarios and systems modelled, those with 
the highest levels of offshore wind were more 
expensive than those in which no minimum level of 
OSW was specified. However, the increases were 
relatively small when comparing total system cost 
between scenarios with radically different electricity 
system designs, and reflect significant uncertainty. 
Further work could provide more detail on how 
small variations in assumptions of the cost and 
performance of key technologies might affect the 
overall system cost impact of offshore wind, as well 
as how this cost differential might change across a 
range of offshore wind deployment levels.

Figure 2: The system role of hydrogen

Whole system  
insights

Continued

 Industry 97.5
 Transport 47.3

 H2 Turbine 11.9
 Heating 44.4

Annual  
consumption 
of Hydrogen 
(TWh), 2050
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How can future  
energy systems have 
sufficient flexibility to  
deliver cost-effectively  
and reliably?

Storage and  
flexibility provision

Figure 3:  Storage and flexibility overview

With OSW becoming the largest generation source, significant back-up capacity is required,  
as well as storage and flexibility, including demand-side management.

No seasonal hydrogen storage is used in either scenario. Seasonal variation in hydrogen demand  
is relatively small as most hydrogen is used for industry, transport and some heating. There is still  
a need for daily hydrogen storage though through linepack.

Energy storage is significant by 2050 (see Figure 5 overleaf), mainly to balance supply and demand daily.

 Just over 30% of wind generation is curtailed across both scenarios.

Significant back-up capacity is required 
to manage rare low-renewable weeks — 
predominantly dispatchable, clean thermal 
generation (hydrogen-fuelled turbines and 
Combined Cycle Gas Turbines with CCS). The 
need for this capacity is greater in higher wind 
scenarios, due to increased levels of offshore 
wind and lower levels of nuclear deployment. 

For the Further Ambition 125 scenario, for example, 
100GW of thermal generation and 18GW of storage 
assets would be required across multiple vectors 
which are then used only during this period of peak 
stress, corresponding to a roughly ‘1 in 10 year’ event.

Figure 4 shows summer and winter demand 
provided predominantly by OSW, whilst the peak 
stress week relies heavily on thermal back-up plant. 

Although this back-up capacity is part of a  
least-cost system, its infrequent use means that  
in order to achieve a viable commercial business 
case alternative market arrangements are  
likely to be required in future (such as strategic 
reserve markets or other options), as discussed  
in the Market Issues section below.
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As well as back-up capacity, extensive storage 
and flexibility are required in both scenarios 
across all vectors — with electric, thermal 
and gaseous storage (including demand side 
management from domestic thermal storage) 
all being deployed alongside interconnectors.

Typically, more flexibility is needed in the winter 
when peak demand is greatest, although higher 
levels of wind slightly reduce this need. In rare 
periods of peak system stress (low wind supply 
and high demand), flexibility is largely provided by 
thermal generation (as can be seen in Figure 1).

High OSW systems could be managed practically 
through extensive deployment of demand-side 
flexibility, particularly through building-level 
and district-level heat storage, and subsequently 
through hydrogen production and storage. 
Smart vehicle charging is required to minimise 
the impact on the electricity system in peak 
periods and to mitigate network reinforcement. 

Several forms of energy storage are utilised, 
mainly to balance supply and demand daily.  
Data for the main categories are summarised in 
Figure 5 (overleaf).

Electrical (battery and thermo-mechanical) 
storage capacities are actually a little higher in 
the lower wind scenario, due to the higher level 
of nuclear generation (which is also relatively 
inflexible), whereas in the higher wind scenario 
other vectors provide additional flexibility.

  Electricity storage is through a mixture  
of batteries (both large-scale and domestic), 
and thermal/mechanical technologies  
(such as compressed air, pumped heat and 
traditional large pumped storage).

  Substantial building-scale thermal storage 
is required due to the electrification of heat 
demand and consequent need to avoid 
large swings in daily electricity demand — 
approximately twice as much thermal energy 
storage as electrical energy storage.

Storage and  
flexibility provision

Continued
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Figure 4: Dispatch for 48-hour periods in summer (right), winter (centre) and peak stress (left), 
for Further Ambition 125 scenario in 2030 and 2050 

Solving the offshore wind integration challenge 9



  Natural gas storage reduces very significantly  
by 2050, from approximately 27,000GWh 
of long range store today to approximately 
400GWh in the Further Ambition Unforced 
scenario. Although still very small compared  
to today’s level, a greater figure of 900GWh  
is required for the higher wind scenario,  
due to increased thermal generation for rare 
low-wind weeks, and to hydrogen production 
from Steam Methane Reforming (with CCS).

  Linepack in both hydrogen and natural 
gas systems (i.e. the variable amount of 
compressed gas held in the sytem itself) 
also provides daily flexibility (with the 
natural gas linepack being used almost 
exclusively in peak stress weeks).

  Long-term H2 storage is required  
to support the back-up plant capacity.

   It is not clear that seasonal storage of 
hydrogen will necessarily be part of the least 
cost energy system. Although there is some 
deployment of hydrogen-based heating, 
much of the heating demand is electrified 
instead. Hydrogen is used predominantly  
for industry and transport (as shown in  
Figure 2). Consequently, the seasonal  

variation in hydrogen demand is relatively 
small and there is no large winter peak 
hydrogen demand. The need for seasonal 
hydrogen storage is therefore limited.

  Furthermore, even with the significant 
quantities of storage and flexibility provision 
outlined above, least-cost whole-system 
optimisation results in approximately 30% 
curtailment of OSW generation in both 
scenarios (100TWh/annum for the unforced 
scenario and 190TWh/annum for the 
higher wind scenario). Although hydrogen 
production is predominantly by electrolysis  
in the Further Ambition pathway, some  
OSW curtailment remains more cost-effective 
than further increased hydrogen production. 
This is partly due to the costs of the additional 
electricity and hydrogen infrastructure required 
to generate and transport electricity and 
hydrogen, and to store the hydrogen, and partly 
due to the limited need for seasonal storage.

  Of course, this is considering the needs of 
the UK energy system only; If international 
hydrogen markets develop, and if the hydrogen 
can be produced at competitive costs, then 
there may be significant potential for hydrogen 
exports (as addressed in Workstream B).

Storage and  
flexibility provision

Continued

Figure 5: Storage capacity by scenario, 2050

Scenario Further Ambition Unforced Further Ambition 125

Electrical

— Batteries 70GW / 211GWh 66GW / 188GWh

— Thermo-mechanical 8GW / 123GWh 6GW / 87GWh

Building thermal 276GW / 552GWh 273GW / 546GWh

Gaseous

— Hydrogen linepack 14GW / 68GWh 13GW / 75GWh

— Gas linepack 27GW / 128GWh 37GW / 158GWh

— Gas long range store 400GWh 900GWh
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Some of the more technical integration issues, 
especially with respect to the electrical power 
system, are complex. This work has considered  
the key issues, in parallel with the modelling.  
Some are recommended for further detailed study 
in their own right (e.g. detailed network studies).

For electricity, these issues centre around two 
aspects. Firstly, grid congestion is caused by 
the need to move very large amounts of energy 
from remote offshore generation sites to demand 
centres.  Secondly, a power system dominated 
by renewable generation, without conventional 
synchronous plant could be more susceptible to 
stability, connection and control challenges. 

The tools and techniques already exist to 
manage both of these aspects (including a wide 
range of smart grid technologies and philosophies) 
already exist, and OSW’s existing and potential 
capabilities can contribute to the solution.

Further issues around the construction of new 
hydrogen networks, which could complement 
large amounts of OSW, were also considered.  
The building and operation of new networks with 
cross-vector interfaces is far from simple, and key 
industry players are already mobilising to categorise 
and prioritise the challenges.

Technical system 
considerations

Figure 6: Overview of technical system considerations

What issues beyond 
the modelled insights 
will have a major 
impact on system 
operability, the use of 
services to maintain 
that operability, and 
the required network 
infrastructure?
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There are no ‘showstoppers’ — a high wind grid is perfectly viable from an operability sense

Development of markets and balancing of investment in assets are required

Smart grid approaches are helpful

Hydrogen networks are a new infrastructure – learn lessons from the existing ones

Interconnection has a role to play

Policy and governance are key tools



Key conclusions from the analysis of these issues  
are as follows:

•   Scenario-based planning which includes 
high wind deployment scenarios, and frequent 
reviews of grid-wide investment plans, across 
all grid types, will remain invaluable. National 
Grid’s Future Energy Scenarios drive the 
development of the electricity transmission 
system, which is a critical enabler of OSW.

•  OSW could contribute to the wider 
displacement of large synchronous machines 
from the grid, (though OSW is far from the 
sole driver of this). This results in the need 
for procurement of greater volumes and 
different types of system services (e.g. 
inertia, voltage control, etc), including through 
new markets and market signals. Innovation 
and the outcome of ongoing industry 
initiatives should provide solutions, though 
monitoring progress will be important.

•   The use of non-conventional gases 
including hydrogen requires ongoing rigorous 
investigation and innovation into the ways gas 
quality can be monitored and managed.

•  Power system reliability can be maintained 
in a world with less synchronous generation 
with new grid control approaches, traditional 
non-generating assets, storage and smart 
grid solutions. Greater deployment of 
existing techniques is required, and further 
innovation could deliver more advanced 
and more cost-effective solutions.

•   Interconnection (that could go beyond simple 
point to point arrangements) is expected  
to play a large role in the future energy system  
for all vectors, and alongside storage, could be 
a cost-effective solution to potentially significant 
curtailment issues.

•   The ‘smart grid’ paradigm, with the 
associated technologies, could be a key enabler 
of wind integration. Further investigation and 
demonstration of its capabilities is required.

A few significant areas are summarised in Figure 7.

Technical system 
considerations

Continued

Figure 7: Three key areas — offshore transmission, smart grids, and ancillary services

Offshore 
transmission

  East coast bootstraps will be effective.
  Interconnection has a lot to offer — operability and synergies  

with markets with different characteristics.
  Offshore grid could be even more effective — directly selling wind  

to where it’s valued highest.

Smart grid 
solutions

  A range of technologies already exists — the obstacle is 
finding the right governance arrangements to apply them, and 
comparing them fairly against conventional system services.

  Operational paradigms — a grid made of many cells that self control, 
for example, may provide more reliability but less economy of scale.

Wind farms and
ancillary services

  With innovative control applications, wind farms could potentially 
contribute — but may not always be most economic solution.

  OSW industry can support the System Operator in design of  
products and services. 
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As the OSW sector moves rapidly towards 
and beyond the 40GW by 2030 target, well-
coordinated and sensitive evolution of the 
policy and regulatory framework in parallel 
with market design reforms is essential.  
The technology is rapidly approaching maturity 
and grid parity such that subsidies may no longer 
be needed, given the right market design.

However, under current market conditions, 
high levels of OSW will push down wholesale 
electricity prices at times of high output and 
low demand, thus reducing the revenue for 
OSW developments. As the proportion of total 
generation contributed by OSW increases, this 
effect becomes correspondingly greater. Average 
wholesale electricity prices are projected to 
decline, as is the fraction of these average prices 
that OSW can realise (i.e. the capture prices).

The pace at which OSW can transition away from 
policy support is dependent on evolving the wider 
market and investment conditions — both for OSW 
and for the energy system more generally.

Crucially, the pace of transition depends on 
developing the market arrangements that can 
unlock the potential of greater flexibility in 
supply and particularly demand — which could 
be provided by complementary assets and 
business models, alongside OSW deployment.

To deliver OSW at the pace needed for Net Zero 
targets, the following actions for government and 
industry are recommended:

•   Develop and communicate a new vision for 
evolution of the future energy market 
framework for Net Zero based on an 
evaluation of the Electricity Market Reform.  
In the near term, improve the current market 
model by improving price signals of the 
electricity markets, particularly their granularity 
and reflection of system value, and through 
measures to deepen the futures markets.

Market  
issues

How can the market, 
policy and regulatory 
environments support 
high volumes of  
OSW and deliver  
an efficient and cost-
effective energy system?
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•  As a stepping stone to this new vision, evolve CfD 
design for future auctions to encourage system 
integration, minimise distorting impacts on 
markets and gradually increase exposure of OSW 
to sharper market signals. The combination of 
these scheme enhancements with evolving market 
conditions should still ensure that the rate of 
build and flow of finance can achieve the desired 
decarbonisation trajectory for the power sector.

•  There is an urgent need to increase power 
system flexibility, particularly demand 
response and storage, which will help  
improve OSW’s ability to capture revenues from 
the wholesale energy market. The Government 
should commit to achieve ambitious outcomes 
during the 2020s for accelerating decarbonisation 
of energy demand though electrification, and for 
scaling up storage and zero carbon demand-side 
flexibility through improved market design.

•  With growth in OSW, some marginal plant 
is likely to become economically unviable 
over time. Measures to improve market design 
should ensure efficient entry-exit of plant and 
sufficient cost recovery. If the market cannot 
deliver then this may require resources to be 
competitively procured through an out-of-
market mechanism such as a strategic reserve  
in order to ensure security of supply.

•  Innovation support policy is needed to 
promote production and use of hydrogen 
and other technologies that can decarbonise 
energy demand and provide flexibility to the 
power system. Where possible, investment in 
new technologies should be driven by market 
signals. However, as technologies such as 
hydrogen are maturing, it is likely that targeted 
innovation support will be needed.

•   Review and explore non-regulatory interventions 
with stakeholders to support greater diversity 
in the sources of private financing of OSW 
and flexibility solutions, and to develop the 
futures markets, with a view to enabling 
investment for projects without CfD-backing.

•   In the near-term, establish coherent carbon 
price signals across different energy vectors 
and sectors by adapting existing taxes, levies 
and mechanisms. For the longer term, consider 
options to drive carbon reduction in a way that 
is sufficiently visible and credible for investors. 

•  Develop fair and cost-reflective network 
charges, as part of a wider approach to  
reflect locational value across the energy  
system in order to deliver net zero at least cost 
from a whole systems perspective.

Figure 11:  Current value components of the power system. 
Energy Systems Catapult (2019), Towards a new framework for electricity markets.

Market issues

Continued

Commodity
  Imbalance settlement
  Balancing mechanism
  Spot markets
  Forward markets
  Losses arrangements

Capacity
 Capacity market

Capability
  Firm frequency  
response

  Short-term  
operating reserve

 Fast reserve
  Enhanced reative  
power service

Carbon
 EU ETS
 Carbon price support
  Renewables obligation 
certificates

  Contract for difference 
feed-in tariffs

  Small-scale feed-in tariffs

Congestion
  Generator TNUoS  
charges

  Demand TNUoS charges
  Red/Amber/Green credits
 Super red credits
  Local flexibility markets
 Constraint payments
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This work has shown that OSW 
will play a significant role in a 
future Net Zero energy system. 
In order to realise this, there 
are significant requirements 
and opportunities for further 
innovation across and beyond 
the energy sector. 

In particular, integration of 
very high levels of offshore 
wind generation could benefit 
significantly from innovations 
spanning technological, 
organisational, and market, 
policy and regulatory spaces.
More detail is available in the full report.

Innovation 
requirements
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Innovation  
requirements

Continued

Electricity system operability support
  Novel implementation of existing solutions (e.g. new ways of operating the power system, 

synchronous compensators, storage operating as part of local smart grids)
   Grid-supporting capabilities of wind farms and their connecting networks (e.g. inertia, fast 

response, voltage support, fault current, black start, etc).

Power generation
    Hydrogen turbines’ flexible capabilities for evolving duty cycles (e.g. operability support, fast start).
    Carbon capture and storage improvements to capture rates under all operating conditions  

(e.g. with low carbon content and whilst ramping).
    Nuclear designs with greater load-following flexibility and/or ability to produce hydrogen.

Electrical and heat demand
  Electrolysis cost reductions, improvement of operability characteristics and ability  

to site in difficult offshore environments.
  Unit cost reductions of electrical storage (batteries and thermo-mechanical).
  Increased energy density of domestic thermal storage, and cost-effective ability  

to interact with heat networks.
  Interoperability of electric vehicle smart charging systems, and offerings to support uptake.

New hydrogen systems
    Rules and standards for safe devices.
    Incentivisation of hydrogen appliance uptake.

Power and gas interconnection
  Hydrogen transmission and distribution network designs (e.g. potential for cost-effective 

hydrogen network to displace need for OSW farm power grid connection).
 Cost reductions in design, infrastructure, and operational costs of offshore power networks.

Market innovation
   CfD design to gradually incentivise OSW to deliver a wider range of capabilities in  

support of grid operation
   Innovative market designs to create the impetus for demand flexibility to be fully realised.
   Future energy market framework that unleashes innovation and provides a highly competitive 

environment, with clearly defined market outcomes for participants.

Policy innovation
    Diversity in private financing of OSW and flexibility solutions through innovative  

policies, tools and instruments to reduce risks, remove barriers and mobilise finance.
    Government-facilitated planning of strategic siting of OSW farms.
    Design of the OFTO regime that includes consideration of energy system planning  

and opportunities for shifting between energy vectors.
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The effect of wind generation on the system is 
dependent on the nature of the energy system 
into which that wind generation is deployed.  
Two possible broad future pathways were 
therefore used to characterise the system:  
Further Ambition and Alternative Net Zero, 
summarised in Figure 9.

The key difference between the pathways is 
that under Alternative Net Zero the system 
includes more speculative measures to meet 
Net Zero, such as diet change and reduced 
emissions from aviation.  In effect, this creates 
more ‘slack’ in the system. By contrast, under 
Further Ambition these measures are not 
available and the system is more ‘stressed’, 
even though it does not fully reach net zero.

Studying both pathways reveals different 
effects of increasing OSW within significantly 
different systems, and identifies potential 
challenges which would have to be managed.

Further Ambition (FA)

Endpoint similar to the CCC’s ‘Further  
Ambition’ snapshot

Technologies in which there is relatively  
high confidence deliver net GHG emissions  
of 29 MtCO2e by 2050.

This is a 96% GHG reduction but is not net zero.

Without ‘speculative’ measures there is no 
‘slack’ in the system. Therefore, even though 
this pathway does not fully achieve net zero, the 
energy system is more highly ‘carbon stressed’.

Alternative Net Zero (ANZ)

Includes certain ‘Speculative’ measures  
proposed by CCC to reach net zero

‘Speculative’ measures include:
• dietary change
• afforestation
• aviation adjustments
•  increased capture rates on hydrogen  

and power production plant

Delivers a feasible Net Zero energy system  
(100% net GHG reduction).

Measures provide some ‘slack’ in the system, which 
reduces ‘stress’ throughout the energy system.

Figure 9: Two possible broad future pathways formed the context for specific scenarios modelled

Modelling  
approach

Two modelling tools were used to build a fuller 
picture of OSW integration into future systems:

 

Firstly, a techno-economic whole-system 
model (ESME) was used to explore how the 
extent of wind generation deployment affects 
the cost-optimal system make up, (considering 
supply and demand across all energy vectors).

 

Building on this analysis, a second model 
(ESC’s Storage and Flexibility Model, SFM)  
was then used to assess long-term strategic 
and short-term operational uncertainties, 
including system service requirements, and 
to explore the value of specific flexibility and 
storage technologies.

  Further information on these models is available 
in the full report and at https://es.catapult.org.uk/
capabilities/modelling/

18 Solving the offshore wind integration challenge



Three main stages of modelling and analysis 
were undertaken. Initially, more than 40 
potential future systems were explored using 
ESME, varying the level of OSW deployment 
between 50GW and 150GW under both Further 
Ambition and Alternative Net Zero pathways, 
and varying the extent of availability of other 
generation technologies such as nuclear plant.

Secondly, building on this exploratory modelling, 
further ESME analysis focused in detail on three 
core scenarios, summarised in Figure 10:

•  Further Ambition Unforced — this is the 
Further Ambition ‘stressed’ system with  
no minimum offshore wind (i.e. the model 
reveals the least cost system without any 
constraints on how much offshore wind or  
other technology to deploy)

•  Further Ambition 125 — this is the Further 
Ambition ‘stressed’ system with a minimum of 
125GW of offshore wind deployed in 2050

•  Alternative Net Zero 125 — this is the 
Alternative Net Zero system (i.e. with inclusion 
of speculative measures) with a minimum of 
125GW of offshore wind in 2050.

Finally, the Storage and Flexibility Model was used 
to explore the impact of high OSW deployment 
on the requirements specifically for energy 
storage and system flexibility, and on the key 
system features which might enable this storage 
and flexibility to be supplied with the least overall 
system cost. This analysis was carried out for 
the two Further Ambition scenarios, to study 
directly the impact of increased OSW deployment 
in these more highly stressed systems.

Modelling  
approach

Continued
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Figure 10: Three core scenarios modelled in detail, covering the two pathways and two different levels of OSW deployment

Further Ambition pathway
— higher system stress
— no speculative measures required
— 96% GHG reduction

Alternative Net Zero pathway
— lower system stress
— requires speculative measures
— fully net zero 

150 GW

125 GW

67 GW

0 GW

Further Ambition Unforced
 Further Ambition pathway
 No specified min of OSW (“Unforced”)

Further Ambition 125
 Further Ambition pathway
 Specified min 125GW of OSW

Alternative Net Zero 125
 Alternative Net Zero pathway
 Specified min 125GW of OSW

Availability of speculative 
reduction measures
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Energy Systems Catapult was set up to accelerate 
the transformation of the UK’s energy system and 
ensure UK businesses and consumers capture the 
opportunities of clean growth.

The Catapult is an independent, not-for-profit 
centre of excellence that bridges the gap between 
industry, government, academia and research.

We take a whole systems view of the energy 
sector, helping us to identify and address 
innovation priorities and market barriers to 
decarbonise the energy system at least cost.


