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7. Innovation Requirements 

 Executive Summary 

Workstream A of the Solving the Integration Challenge project has identified a number of 

challenges and opportunities regarding the integration of extensive offshore wind capacity into the 

energy system.  Building on the analysis set out in previous chapters of the Workstream A report, 

this final chapter outlines specific areas in which there are requirements and opportunities for 

further innovation, in order to deliver a future energy system incorporating very high levels of 

offshore wind generation.  The innovations required span technological, organisational, and 

market, policy and regulatory spaces. 

Offshore Wind (OSW) itself has seen significant cost reductions in the recent past.  Innovation in 

the supply chain and design of the turbines themselves have generated efficiencies leading to very 

competitive Levelised Cost of Electricity (LCOE) for the technology.  This in turn has been supported 

by the innovative policy instrument of Contracts for Difference (CfDs), which has been credited with 

exerting downward pressure on the costs. 

This success can be replicated for the various supporting technologies identified throughout the 

report.  However the means of fostering innovation, and the regulatory and policy instruments 

used, require careful thought and application in order to deliver competitive technologies to 

market sufficiently quickly without distorting the market. 

Innovation recommendations are set out for each of the areas in Table 1 overleaf.  These are 

complemented by further innovation recommendations relating to development of hydrogen 

markets, electrolysis and related technologies, as set out in the report for Workstream B. 
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Table 1:  Summary of Areas of  Innovation Requirements arising from Workstream A 

Electricity System Operability Support 

1. Novel implementation of existing solutions 

(e.g. new control paradigms, synchronous 

compensators, storage operating as part of 

local smart grids) 

2. Grid-supporting capabilities of wind farms and 

their connecting networks 

Power Generation 

1. Hydrogen turbines’ flexible capabilities for 

evolving duty cycles 

2. Carbon capture and storage improvements to 

capture rates under all operating conditions 

3. Nuclear designs with greater load-following 

flexibility and/or ability to produce hydrogen 

Power and Gas Interconnection 

1. Hydrogen transmission and distribution 

network designs 

2. Offshore power networks: cost reductions in 

design, infrastructure, and operational costs 

New Hydrogen Systems 

1. Rules and standards for safe devices 

2. Incentivisation of hydrogen appliance uptake 

Market Innovation 

1. CfD design to gradually incentivise OSW to 

deliver a wider range of capabilities 

2. Innovative market designs to create the 

impetus for demand flexibility to be fully 

realised 

3. Future energy market framework that 

unleashes innovation and provides a highly 

competitive environment, with clearly defined 

market outcomes for participants 

Policy Innovation 

1. Diversity in private financing of OSW and 

flexibility solutions through innovative policies, 

tools and instruments to reduce risks, remove 

barriers and mobilise finance 

2. Government-facilitated planning of strategic 

siting of OSW farms 

3. Design of the OFTO regime that includes 

consideration of energy system planning and 

opportunities for shifting between energy 

vectors 

Electrical and Heat Demand 

1. Electrolysis cost reductions, improvement of 

operability characteristics and ability to site in 

difficult offshore environments 

2. Electrical storage unit cost reductions 

3. Thermal storage increased energy density for 

the domestic setting, and cost effective ability 

to interact with heat networks 

4. Smart charging of electric vehicles: 

interoperability of systems, and offerings to 

support uptake 
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 Introduction 

This chapter sets out the innovation requirements arising from the conclusions of the four 

preceding Workstream A chapters, covering the outputs of the “Whole System Analysis”, “Storage 

and Flexibility Services Options”, “Other Technical and Commercial Considerations”, and “Market 

Issues” tasks.  In each chapter, the challenges and opportunities for the integration of wind are 

described;  these in turn suggest areas of further work which will yield significantly lower overall 

system costs, greater system functionality, and better market outcomes in a wind rich system. 

The innovations that could unlock these benefits are not solely technological.  While developments 

in grid-connected technologies have perhaps the most readily tangible benefits to system costs 

and capabilities, developments in other key areas – such as market rules, operational strategies 

employed by utilities, and regulatory incentives to innovate could have far reaching benefits.  This 

chapter therefore takes a broad definition of innovation, to include any area where the exploration 

of new approaches could yield benefits for the integration of offshore wind, as determined by the 

analysis. 

Some innovations may be incremental improvements, which can often be quick to implement and 

low regret options, such as iterating generations of technology to achieve outcomes such as lower 

capital costs, lower footprint, higher efficiency or easier maintenance;  cumulatively, such 

developments can lead to substantial system savings.  Equally, more wide-ranging, ambitious 

programmes to rethink the structures underpinning energy and financial flows may reap significant 

benefits through more disruptive change.  The project suggests there is a requirement for both 

incremental and disruptive innovations in different aspects of the energy system transition (in 

different vectors, system levels, or when considering market and regulatory structures). 

Today, there is significant work ongoing in innovation in the UK.  However, considering the scale of 

potential deployment of OSW capacity (and the optimal timescales to deliver it), more focus may 

be needed in some of the priority areas outlined to improve outcomes. 

The benefit of intervention has already been shown in the rapid reduction of OSW costs, as 

incentivised by the design of support schemes.  If this success could be replicated in technologies 

that enable a more flexible energy system, enormous benefits could be unlocked – both by 

enabling OSW and by reducing overall system costs.  However, due to the different characteristics 

of each technology and the market issues discussed in Task 4, simply reusing the same 

mechanisms will not be effective. 

The remainder of this chapter briefly describes the suggested priority innovation areas drawn from 

the insights generated in the first four tasks of Workstream A.  The insights themselves, and the 

detailed justifications for prioritising particular technologies and innovations, are described fully in 

the relevant chapters and are not repeated here.  Rather, this chapter more briefly summarises the 

priority innovation requirements and opportunities arising from this workstream which would 

enable timely and cost-effective delivery of an integrated energy system incorporating high 

volumes of offshore wind generation. 

The innovation requirements are grouped into sections according to the nature of those innovation 

requirements, and to the associated parts of the future energy system.  This grouping does not 

align completely with Tasks 1 to 4, as some of the innovation needs are suggested by multiple 

tasks. 
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 Technological Innovations – Electricity System Operability Support 

Novel implementation of existing solutions 

There are a wide range of existing operational techniques and technologies, including new control 

paradigms, traditional non-generating assets (for example STATCOMs, Synchronous Compensators, 

Quad Boosters), storage and smart grid solutions that support grid operability.  Their use is not yet 

extensive on the grid, but could address issues associated with the loss of synchronous generation 

(discussed in Task 3) and facilitate easier OSW integration.  This should be promoted through 

correct incentivisation of network operators (discussed in Task 4). 

Grid-support capabilities of wind farms and their connecting networks 

In a wind-rich grid, operability requirements could be significant; so there is benefit in innovating 

to increase the ability of windfarms, not only to meet the mandatory requirements for response, 

reserve, reactive compensation and fault infeed, but to form a substantial part of system operability 

in a wind-dominated system.  The costs of providing these capabilities should also be reduced if 

possible. 

The offshore transmission grid, including equipment at the landing point, as well as the turbines 

can all be designed to include greater levels of: 

• Synthetic inertia / fast response 

• Headroom and footroom for reserve and response across different timescales 

• Voltage support 

• Fault current injection / system strength 

• Black start capability 

Development and deployment of such technological capabilities can be incentivised through 

evolutions to market structures (see markets section). 

 

 Technological Innovations – Power Generation 

Hydrogen Turbines 

The system modelling (in Tasks 1 & 2) has shown the value of hydrogen-based power generation.  

An interesting finding was that different operational cycles may be required of the same units 

across their useful lifetime, as they move from providing high volumes of base load energy to 

providing capacity, sitting more in reserve and potentially supporting grid operability. 

This suggests that future hydrogen turbine designs would benefit from research into providing 

high levels of operability support (inertia, fault current, reactive power generation and absorption), 

and being able to cope with long off times and short run up times for the more peak-based 

operating model, as well as considering optimal design for high volume production, and the trade 

offs between these two needs. 

Carbon Capture and Storage 

Tasks 1 and 2 have shown that the ability to build and/or retrofit carbon capture solutions to 

methane based hydrogen generation gives greater flexibility in the potential pathways to net zero, 

and forms a part of cost effective pathways.  The effective capture rate is also very important both 
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for thermal generation and hydrogen production, as shown in Task 1 by the impact of including 

99% capture rate technology vs only 95%. 

High capture rates are presently much more difficult to achieve on waste streams with lower 

carbon content, and – with respect to generating – ramping up and ramping down generation 

typically reduces the capture rate during those phases.  Solutions that enable high capture rate in 

real world operational conditions would hence enable more flexible generation to support a high-

wind system whilst still delivering net zero. 

Nuclear 

A common issue across Tasks 1, 2 and 3 was curtailment of OSW.  High penetrations of variable 

renewable energy sources result in a requirement for increased system flexibility.  One key factor 

determining the ability to provide this system flexibility, and thus affecting OSW curtailment, is the 

assumption that the nuclear plants built in 2050 can only reduce to 70% output (and higher 

outputs before then). 

However, reactor designs more suited to providing flexibility to accommodate OSW variability (that 

can even follow load) are used today in other markets.  Future designs, including those Small 

Modular Reactors that also satisfy heat demand, could aim to provide a whole operability solution 

which would reduce OSW curtailment. 

Electrical storage 

Although electrical storage fits in multiple categories, it is reported in one place in the Demand 

section. 

 

 Technological Innovations – Electrical and Heat Demand 

Electrolysis (onshore and offshore) 

The ability of electrolysis to provide both green hydrogen (with high potential value for storage, 

power, transport, feedstock and heating) and electrical demand flexibility makes it a very useful 

complementary technology to wind integration. 

Innovation in the cost, operability characteristics (the ability to provide different volumes of 

hydrogen flexibly on short term timescales) and ability to site these in difficult offshore 

environments all increase the attractiveness of the hydrogen wind proposition. 

More detailed recommendations relating to electrolysis are set out in the Workstream B report. 

Electrical storage solutions 

Batteries and other forms of electrical storage, such as thermal mechanical systems, will likely be in 

high demand in a future grid (even with exploitation of electrolysis), according to the analysis in 

Tasks 1 & 2.  Reducing the unit costs will thus have a large impact on overall system transition 

costs. 

There is already significant development work in numerous technologies and optimism around cost 

reductions.  This should continue, and the regulatory and market environments should include 

incentivising and exploiting storage capabilities as a key design consideration. 
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Thermal storage 

Thermal storage showed great promise as a means of flattening heat demand and taking pressure 

off other vectors – especially electrical heat (Tasks 1 & 2).  Innovation would be beneficial to 

increase the energy density of domestic heat storage (and thus reduce physical footprints), 

particularly for properties in which there is limited space for hot water storage – which is becoming 

increasingly common.  This would improve the domestic proposition (when coupled with a heat 

pump, for example) and hence the rate of consumer uptake.  Phase change materials are one 

promising option, but innovation may yield additional options. 

Thermal storage attached to heat networks of all applications, which has scope for cost and 

efficiency improvements, was also a part of the pathways developed with the Energy Systems 

Modelling Environment (ESME). 

Smart Charging of Electric Vehicles 

The modelling used smart charging to limit the impact of electrified transport demand.  It is 

expected that without smart charging, this additional inflexible demand could increase system 

peaks and have a significant impact on infrastructure requirements and therefore costs, and might 

not offer any flexibility support to enable low cost wind integration. 

Significant research into consumer acceptability (and the achievable level of demand shifting) has 

already been undertaken.  Further work is required on interoperability of systems, and on design 

and implementation of offerings which make smart charging an attractive option for consumers. 

 

 Technological and Regulatory Innovations – New Hydrogen Systems 

Whilst Workstream B examined hydrogen innovation in detail, including cost curves for electrolysis, 

Workstream A identified two further innovation requirements from the network infrastructure 

perspective: 

Rules and standards for safe devices 

Safety is a clear prerequisite for widespread use of hydrogen in the domestic setting.  While safety 

is an area where risk and uncertainty must be minimised, this does not preclude forms of 

innovation in how safety is designed in to new (or retrofitted) devices, and gas blending scenarios. 

Incentivisation of hydrogen appliance uptake 

Innovations in how hydrogen appliances, especially boilers, can be turned into attractive consumer 

propositions is a key enabler to uptake that could be of immense value to the overall system, 

allowing more flexibility and vector shifting. 
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 Technological Innovations – Power and Gas Interconnection 

Hydrogen transmission and distribution 

There is ongoing work from existing gas networks to design solutions for the transport of 

hydrogen in a similar way to existing natural gas networks.  One area that could be useful is in 

competing with offshore power transmission to lower the cost of wind farm connections, by only 

connecting them to a hydrogen grid; this idea is explored in greater depth in Workstream B. 

Offshore power networks 

Existing bodies have looked at the potential case for building a radial north sea network to connect 

wind farms to multiple markets simultaneously.  Whilst the idea shows promise, cost reductions in 

the offshore platforms and delivery of cable routes, including operational costs of such a solution, 

would increase the attractiveness of this proposition. 

 

 Market Innovations 

CfD design 

Evolving, innovative CfD design for future auctions can minimise market distortions and gradually 

expose OSW to markets, such that delivering a range of capabilities (including potentially those 

related to operability) is fully incentivised. 

Flexibility of energy demand 

There is a very urgent need to increase the flexibility of energy demand and to enable storage to 

counter the trend of increasing erosion of OSW’s capture prices.  There are many innovation 

options to increase this flexibility;  for instance, attractive smart charging offerings for EV owners. 

The marketplaces that facilitate discovering and publishing the value in this flexibility have a key 

role to play, and innovative market designs can create the impetus for demand flexibility to be fully 

realised. 

Future energy market framework 

A new vision should be developed and communicated for evolution of the future energy market 

framework for Net Zero, based on an evaluation of the Electricity Market Reform.  To unleash 

innovation, the future market design and policy frameworks would need to provide a highly 

competitive environment and with clearly defined market outcomes for market participants. 

Any new model would need to produce a coherent, efficient set of incentives for efficient operation 

and investment, remunerating energy resource providers and providing effective price signals for 

consumers, which work across different timescales, market participants, energy vectors and 

technologies. 
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 Policy Innovations 

Diversity in private financing of OSW and flexibility solutions 

A greater diversity in the sources of private financing for both OSW and flexibility solutions should 

be facilitated. 

The renewable energy investment landscape is fast changing and a proliferation of new business 

models, investment vehicles and risk mitigation approaches are emerging, which can mobilise 

different investors and finance all stages of a renewable asset’s life. 

Government can intervene in a number of ways to facilitate the flow of private finance for 

renewables by using a combination of innovative policies, tools and instruments to help reduce 

risks, remove barriers and mobilise finance at large scale. 

Carbon price signals 

Innovation is required to align the way carbon is valued across different energy vectors and sectors 

by adapting existing taxes, levies and mechanisms.  This will have numerous and significant 

implications, which will have the net effect of increasing the value of wind generation. 

Design of the OFTO regime 

A more innovative design of the offshore transmission regime could significantly reduce costs for 

consumers and improve the industry’s competitiveness.  This should include consideration of 

energy system planning and opportunities for shifting between energy vectors to alleviate network 

congestion and capacity issues. 

Government-directed strategic siting of OSW farms could also be potentially highly beneficial to 

consumers. 

Support of back-up thermal generation 

Task 2 found that significant back-up capacity, largely in the form of thermal generation plants is 

required to meet demand during rare low-wind weeks.  It also found that, while these plants 

represent value to the system as a whole, they will not be commercially viable under current market 

structures due to their low load factors and so require policy support.  Task 4 discusses some of the 

potential forms this support may take (e.g. strategic reserve markets).  However, further research is 

needed to quantify what support would be required for these assets, and whether this support 

would negate the system benefits which these assets provide. 
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