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Executive Summary 

The Vehicle to Great Britain (V2GB) project has been developed to: understand the long-term value 

of and short-term opportunities for Vehicle-to-Grid (V2G) in the UK; identify and evaluate business 

models for deploying V2G; and develop a sustainable routemap for scaling up V2G. Work package 

1 (WP1) has investigated the long-term market value and where V2G might be applicable in a 

wider energy system context. This report summarises the whole energy system analysis undertaken 

to examine the long-term opportunity for V2G. 

This third part of WP 1 considers the value areas that variable charging and V2G could contribute 

to and make a qualitative assessment of the opportunities. These are shown in the diagram below.   

The exception to this assessment is network congestion and value, as this is considered within the 

energy system analysis work (D1.2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 Main conclusions 

Based on this assessment, it suggests that there will be an enduring value from variable/smart 

charging and V2G to offer services to the electricity supply chain and that EVs are technically suited 

to do so, provided they are connected to the electricity system. However, there are important 

considerations to be made on how this value is enabled, from the inducements that may be 

offered, through to the market mechanisms and information exchanges that will be needed.   

Market Arrangements -The viability, and potentially the necessity of, flexibility adopted by EVs will 

be influenced by the way energy and network costs are billed to consumers, the way services to the 

energy supply chain are rewarded and the market arrangements that accompany them.  

There are many developments that are underway now by Ofgem, the industry regulator, network 

companies and the System Operator that may allow EVs to better engage with the electricity 

system including the definition of services, network charging arrangements and market 

frameworks. 
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Market opportunity for smart/variable charging and V2G - There is undoubtedly value in charging 

flexibly and offering flexibility in the short term, which is likely to be sustained for a period of time. 

As the number of EVs grows, some relatively low volume services could reach saturation. The point 

at which this might happen is uncertain and will be based on the number of EVs available, 

participating and importantly competition from other flexibility providers. This is particularly the 

case for many System Operator services that are less locational specific, such as frequency response 

and reserve.  

Ultimately, smart/variable charging and V2G can offer similar services and large numbers of EVs in 

smart/variable charging mode, aggregated together, are equivalent to V2G. A key determinant is 

therefore the number of vehicles participating and whether they are both connected to the 

electricity system and are able to be flexible. 

An important observation is that, during periods of time when many vehicles are charging, small 

variations in individual EV charging will deliver the service volumes needed and therefore there is 

less opportunity for V2G to differentiate from Smart/Variable Charging. Conversely, when there are 

less EVs charging, those EVs that are connected have a greater opportunity to differentiate V2G 

capability. 

V2G can however differentiate from variable charging where they can reduce the underlying 

demand on the electricity system at peaks that would otherwise drive generation and network 

capacity investment.  

An important observation is that, during periods of time when many vehicles are charging, small 

variations in individual EV charging will be capable of delivering the service volumes needed and 

therefore, at these times, there is less opportunity for V2G to differentiate from Smart/Variable 

Charging. Conversely, where less EV charging is taking place, those EVs that are connected have a 

greater opportunity to differentiate V2G capability. 

Service requirements and alignment with EV charging - EVs present a tremendous and sizeable 

resource to provide flexibility resources however they also represent a significant impact.  

Some costs could be substantial and unnecessary, for example mass responses to half hourly time 

of use price signals.   Currently, the way the System Operator manages rapid changes in demand 

and uncertainty is by procuring additional reserve. EV charging has the potential to introduce rapid 

changes in electricity demand if their charging behaviour is not co-ordinated to some degree and 

therefore affect the reserve volume requirement adversely.  

Equally, service definitions could be designed to exploit EV capability as opposed to EV charging 

fitting around the services.  For example, reserve service definitions and the way services are 

aggregated could be tailored to capitalise on the opportunity. 

If the majority of charging is non-rapid (i.e. <7kW), the greatest opportunities for EVs to provide 

value to the electricity supply chain are overnight and during the working day when a large 

population of vehicles are stationary. ‘Away from home’ charging inducements and facilities will be 

essential in capitalising on this opportunity.   

Natural behaviour and inducements to adapt behaviour - The value obtained from EV storage 

capability and costs incurred by charging can be presented to EV users as a combination of 

benefits, charging costs, or reduced charging costs. It is unclear though, what the best way of 

combining the offerings to EV users is. Careful design of EV charging tariffs and levels of control 

will be key to achieve the right blend of incentives to deliver the EV amenity efficiently.   
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Developing business models, ownership models and EV supply contracts terms will all play a role in 

building on and expanding knowledge in this area.  A significant element of this is the way EV 

charging, and the services that they could offer, are aggregated and how information is exchanged 

between supply chain actors.  

Aggregation is a catch all phrase that has multiple aspects including; market rules, roles and 

responsibilities, forecasting, despatching and paying for services.  Service design, aggregation rules 

and the basic ability to deliver a reliable service are areas that will need to be developed in order to 

capitalise on the available opportunities.  

Competition from other flexibility assets - Static storage, 2nd life batteries and other flexible assets 

are likely to pursue the most attractive periods for flexibility service provision, which currently 

coincide with the times when the greatest proportion of EVs are mobile.  Once investment in 

flexible assets has been made, there is likely to be competition to provide service at all times, which 

may depress service prices when EVs can contribute.  It is likely however, that local services e.g. 

local network congestion management will experience less competition and be confined to flexible 

assets at the domestic level such as EVs and heat pumps. 

 

 Further work 

The modelling undertaken within Work Package 1 had the objective of providing a high-level 

analysis of the benefits of V2G to the energy system, through the integration of V2G into a whole 

energy system modelling capability.  Further examination of the value of V2G to the system, e.g. in 

supporting intermittent sources of generation, could be undertaken by adopting the 

recommendations outlined in D1.2 – Long term estimates of V2G opportunities. Amongst the 

recommendations are:  

• more temporally detailed analysis of energy system operation over extended time periods;  

• dynamic network modelling to investigate the energy flow between V2G and the network;  

• sensitivity analysis around the level of intermittent generation on the system; and  

• accounting for risk and uncertainty around supply and availability factors. 

Aggregation approaches and service definitions are critical in exploiting EV potential fully.  For the 

former, understanding the risk reduction potential of pooling EV V2G storage capability during the 

day and year, at a national and local level will be invaluable. In the latter case, Frequency Response 

and Reserve services, and the market mechanisms to integrate them, could allow greater value to 

be extracted.  
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2. Introduction 

 Project Overview 

Widespread deployment of EVs could mean the vehicle fleet represents an energy asset of national 

significance. Studies by partners in this project have shown how EVs can stabilise grids, delay 

infrastructure investments, increase the deployment of variable renewable energy technologies on 

grids, reduce curtailment, lower grid carbon emissions, and provide low cost energy for driving, all 

without interrupting the service provided to the driver. It has been proposed that Vehicle to Grid 

(V2G) can contribute to system flexibility and help achieve these outcomes and, in doing so, 

provide additional revenue streams to EV drivers that could boost Ultra Low Emission Vehicle 

(ULEV) sales.  

There still remain significant gaps in knowledge on; potential V2G markets and revenue streams; 

competition with other technologies; driver behaviour and response to V2G; and commercial 

arrangements and legislative constraints. The V2GB feasibility study will examine these knowledge 

gaps and provide a sound basis upon which to build the sector. It will: 

 

• Assess the risk associated with V2G revenues in the long term -- identifying the key 

drivers and dependencies for future V2G revenues, and give long term estimates (ranges) of 

V2G revenues 

• Improve confidence in the availability of revenue streams near-term -- using high 

resolution models and detailed vehicle movement datasets to model revenues, portfolio 

dispatching, and impact of customer behaviour. 

• Identify and evaluate business models for deploying V2G -- providing 

recommendations on feasible and efficient business models, overcoming roadblocks and 

identifying industry enablers 

• Develop a sustainable routemap for scaling up V2G -- identifying V2G technology cost 

and performance thresholds and target markets as the sector (and competition) grows. 

• Project reporting and industry dissemination -- using extensive dissemination routes 

across transport and energy sectors including Power Responsive, LCNI conference, auto 

industry. 

 

 

 Introduction to WP1 

Work package 1 of the V2GB project has investigated the long-term market revenues for V2G. The 

initial questions that need to be answered are; what is the potential size of the market for V2G in 

the UK and what factors will influence the size of the market in the UK? The scope of this work 

package includes the following outputs: 

• Examining the potential size of the market in 2030 

• Establishing credible energy system compositions for 2030 

• Outlining the competing ways in which system flexibility can be provided 

• Identifying drivers of V2G market size and value (drawing on existing work where available) 
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The approach taken within the work package is to use current data and understanding to represent 

V2G in a whole energy system modelling environment and explore the opportunity for it to be 

used in the longer term; when there are a significant number of EVs on the road and the wider 

energy system has a greater need for system balancing. The work package itself has been broken 

down into three areas: 

• Identification of key drivers and dependencies for V2G revenues – through a literature review and 

drawing on the sector expertise within the project team. 

• Establish the long-term opportunity for V2G – through whole energy system analysis incorporating a 

V2G offering (that reflects EV deployment levels) alongside alternative means of providing flexibility.  

• Estimate potential future value of opportunities – through further qualitative assessment of technical 

considerations, market size and price factors. 

The work package is separated into three deliverables. Each deliverable will include a different part 

of the analysis. The deliverable outputs and the associated tasks within each deliverable are: 

 

D1.1 – Key drivers and dependencies for future V2G revenues 

• Review of literature on V2G value and system flexibility 

• Identification of drivers 

D1.2 – Long term estimates of V2G revenues 

• Design of energy system scenarios 

• Adaptation of model to represent V2G and testing 

• Gathering and processing of input data to develop the scenarios for the Consumers Vehicle 

and Energy Integration (CVEI) tool (which was developed as part of the ETI CVEI Project) 

• Analysis and processing of output data from the CVEI tool to answer the identified 

questions  

D1.3 – Long term estimates of size of V2G market (This report) 

• Estimation of system flexibility requirements 

• Estimation of V2G market potential 

The outputs from WP1 will help to support the other deliverables and provide guidance in the 

areas where V2G has its long-term value. It will also identify which drivers and dependencies are 

within the scope of this work package and those which could be analysed within other work 

packages. 
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3. Methodology for Work package D1.3  

 

Through the literature review and energy system analysis, WP1 has identified several value points 

in which EVs can either reduce the cost of charging or offer services to electricity supply chain 

actors.  These value points could be offered to EV users as reductions in their charging bills, 

payment for services, or a combination of the two.  

Figure 1: Showing value areas for flexible EV charging and V2G 

 

 

 

 

 

 

 

 

 

 

 

 

This part of WP1 assesses the potential for EVs to realise value from these areas using a qualitative 

approach.  It should be noted that some of these value areas have not been modelled within the 

energy system analysis. A series of recommendations for further analysis that could be undertaken 

to build on the analysis that has been undertaken in this work package is included in D1.2 – Long 

term estimates of V2G opportunities. Where value areas have not been modelled during the energy 

systems analysis, some high level quantitative assessments have been made to support the 

qualitative assessment.   

For the avoidance of doubt, in this section, we refer to smart charging as the ability to charge an EV 

battery flexibly in time and rate of charge (energy flows to the battery) and V2G as to provide both 

smart charging and discharging (energy flows to and from the battery). 

Importantly, the motivation for an EV user to change their charging behaviour or simply to connect 

their vehicle(s) to charge points, will be governed by the attractiveness of the inducement (cost and 

convenience). It may be necessary to consider a range of approaches, for example, if an EV is 

sufficiently charged, what is the incentive to connect to a charge point? The consumer response to 

incentive, penalty, societal benefit or gamification are key. 
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4. Value areas 

 

This section describes the possible value areas available and discusses their long-term suitability for 

smart charging and V2G capability to exploit them. It does not explicitly discuss network 

congestion and value as this is considered within the energy system analysis work.   

Specifically, it describes:  

• Reserve and Frequency Control 

• Combing services, exclusivity and aggregation 

• Time of use cost variations / Intermittent generation output variability 

• Market Balancing / imbalance management 

• Other flexibility value areas 

 

 Reserve and Frequency Control 

 Overview 

The technical requirements, product definitions and market arrangements for System Operator 

(SO) services in GB are summarised in National Grid’s Product Road Map for Frequency Response 

and Reserve, and the main services procured are characterised by National Grid in their 

Requirements Report, illustrated below. 

Figure 2: Showing high level representation of the System Operator flexibility services: Ref National Grid1 

  

 

National Grid is currently redesigning their flexibility services and whilst this is a developing area, 

broad assumptions can be made on the nature of the services to assess the scale of the 

opportunity for smart charging and V2G services from EVs. For the purposes of this assessment, 

frequency and reserve services illustrated in Figure 2 can be described under three main categories: 

Frequency Modulation; Frequency Containment; and Reserve.  

                                                 

1 National Grid requirements report - 2016 
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Fundamentally, EVs can meet the technical requirements required for frequency response 

(modulation and containment) and reserve through either smart charging or V2G. The impact on 

EV battery state of charge and battery health will be affected by the level of aggregation across the 

EV car parc and willingness of EV users to offer up battery capacity and the potential impact on 

battery life and performance.  Adverse impacts could be mitigated by more resilient battery 

designs and by aggregating across a large number of vehicles to minimise individual EV 

contributions to services.  

 

 Suitability of EVs for Reserve and Frequency Response Services  

Modulation service – an automatic service where frequency is monitored by the provider. (e.g. the 

EV) 

During normal conditions, frequency is maintained at approximately 50Hz (+/- 0.2Hz) by automatic 

changes in output from generators (and other assets) that operate in frequency sensitive mode. 

Over time, the energy inputted and withdrawn from the system are roughly equal. There are 

however losses that occur for generators when they are part loaded and in less optimum frequency 

sensitive modes.   

Modulation services can be provided by an EV when it is charging or discharging. The additional 

losses will be negligible over and above the losses from the underlying charging and discharge 

process.  

Today in GB, this service is provided by synchronised generation providing Primary and High 

Frequency Response and assets providing Enhanced Frequency Response (EFR). They System 

operator is exploring the development of a specific service to address this system need (Dynamic 

Regulation) 

 

Frequency containment - an automatic service where frequency is monitored by the provider (e.g. 

the EV).  

Following a large low frequency deviation, energy is injected into the system (or demand reduced) 

to contain the deviation. Following a large high frequency deviation, energy is withdrawn (or 

demand increased) from the system to contain the deviation.   In these circumstances, there is a net 

energy deficit or gain that an EV battery would need to be capable of supporting.  The magnitude 

and duration of the injection or withdrawal will be limited by the capacity of the battery and the 

required state of charge to be maintained. It can be a pre-set parameter to preserve a 

predetermined minimum level of charge. EVs can provide this through variable charging or V2G, 

however, losses will be greater if energy is being withdrawn from the battery (V2G) rather than 

charging reduced (Smart Charging).  

Today in GB, this service is provided by synchronised generation providing Primary and High 

Frequency Response and assets providing Enhanced Frequency Response. Secondary Frequency 

Response provides the bridge between Frequency Containment and Reserve and is typically 

provided by synchronised generation. In addition to this, significant contributions are also made 

from assets that respond to prescribed deviations in frequency via frequency relays. e.g. immediate 

reductions in demand following frequency breach below 49.7Hz.  
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Reserve – a service dispatched by the system operator 

EVs can provide this through variable charging or V2G however, using V2G for the reserve service is 

a more complex proposition than frequency response because the state of battery charge must be 

considered to determine if, in any given timeslot, the battery could sustain the defined output (or 

input) for the length of time required by a reserve service.  Currently, reserve is defined as needing 

to be sustained for 30 minutes for fast reserve and over 4 hours for reserve. However, reserve is an 

area where service definitions and the method by which they are procured could change more 

significantly: The European Electricity Balancing Guidelines may point to future service definitions 

with shorter durations that EVs could contribute to more easily. 

EV charging behaviour will influence the suitability to provide reserve at different times of the day: 

For example, EVs connected overnight are likely to provide stable conditions to provide the service 

whereas this will be more challenging when EV charge point connections and disconnections are 

more volatile. 

Aggregation of EV battery storage 

For frequency containment and reserve services, it is possible to aggregate EVs to provide the 

service required so that the individual contributions are low, and state of charge maintained within 

acceptable limits. The diagram below illustrates how individual car battery contributions could be 

stacked and sequenced temporally (say 10 min chunks) to provide the service required. 

 

Figure 3: Showing temporal and sequential aggregation of EV charging to provide a service 

 

This will therefore require scheduling/forecasting of many EV charge point connections are able to 

provide the capability; and scheduling charging or discharge of many EVs when the service is 

called.  
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Suitable deployment of aggregation across a fleet of EVs may result in smart charging (one-way 

power flow), rather than V2G (two-way) being required, for these types of services and it may also 

ensure that the service can be provided reliably over the course of the day as EVs connect and 

disconnect. 

Overall from a practical perspective, the way aggregation is undertaken commercially and 

technically, will determine how effectively value areas can be exploited. Aggregation is considered 

further in the Aggregation section below.  

 

 Reserve and Frequency Response Requirements 

System Reserve Requirements 

National Grid note in their Requirements Report2 that the reserve requirement is built up from a 

number of components that are driven by their respective uncertainty in behaviour and reliability.  

These are principally solar output, wind output, other generator reliability, demand forecast error 

and reserve for frequency response.  

EV charging may add to the uncertainty of demand taken from the system and so, depending on 

EV charging behaviour, visibility and predictability to the market and the System Operator, reserve 

requirements may increase! Specifically, if EVs commence charging on mass over a relatively short 

period of time because of plug in time, or time of use motivations, reserve will be required to 

manage the ramps: Similar system impacts have been experienced with interconnector flows 

changing direction by over a GW across settlement periods in a matter of minutes. 

EVs therefore have the opportunity to affect the reserve volume requirement adversely and also 

provide the reserve service.   

Assuming that EV charging behaviour is sufficiently stable however, an illustration of the SO’s 

typical daily reserve requirement and its drivers are shown below: The reserve requirement is 

variable both in terms of prevailing conditions and the generation composition and hence, the 

long-term reserve requirement range will vary depending on future generation scenarios and 

inherent daily changes.  

 

 

 

 

 

 

Figure 4:  Showing the System Operator’s typical Operating Reserve requirement: Ref National Grid3 

                                                 

2 National Grid: Requirements Report 2016 
3 National Grid: Product Road Map for Frequency Response and Reserve Figure 3.1 
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Of the ancillary services, reserve is the biggest volume service that the System Operator (SO) 

needs.  It currently procures this in two ways: 

1) Reserving headroom or capacity and paying an availability fee for defined windows in the 

day – Contracted Reserve 

2) Forecasting and observing reserve that the market provides inherently for “free” e.g. head 

room from part loaded generating plant. 

 

The SO then dispatches reserve as it needs to and pays for that utilisation.  It does this through the 

Balancing Mechanism and dedicated market arrangements.   

Contracted Reserve is procured in windows where reserve is not typically provided inherently by 

the market and essentially covers the periods of increasing demand up to the peaks of the day 

morning, lunch and evening.  

Once over the peak, the market generally has more part loaded generation available as demand 

falls away. Therefore, the System Operator has access to “free” reserve from the market. Of course, 

the Grid Code requires a data flow from Transmission Connected generation so, amongst other 

things, the SO can calculate available head room.  For non-transmission connected assets (aka 

demand side), there are less code related data requirements and therefore provision of service is 

generally always a procured service. 

The reserve requirement changes throughout the day but reserve is needed at all times, though the 

SO doesn’t always need to buy reserve availability.  What it does need to know however is that it is 

available, and it can reliably forecast its availability.  If the SO can’t guarantee volume, it will buy it. 

The SO considers reserve requirements and availability well in advance, but progressively firms up 

its requirements the day ahead and within day. 

For the purposes of this assessment, we assume the requirement is 3000MW of capability. In 

practice, the reserve level is lower or higher, potentially double depending on conditions. 
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Observations 

Considering the charging profile diagrams below from D1.2 and the current contracted windows 

for reserve, the contracted windows tend to overlap the periods of time when a large population of 

vehicles will be mobile and therefore access to the reserve market may be limited. However, there 

are several ways in which reserve could be adapted and procured in the future to make the market 

more accessible including: short term markets ahead of gate closure combined with a mix of long-

term markets; redesigning the reserve service itself to be defined to be shorter in duration.  

Figure 5: Showing charging profiles against typical Reserve (STOR) contracted windows 

 

 

From an EV convenience perspective (when EVs are ordinarily available to charge), overnight and 

during the day are most likely candidates to harness V2G capability and smart charging for reserve 

because of the relatively stable EV charging behaviour. Of these, the most lucrative period appears 

to be within day where more uncertainty in demand and supply exist and service needs are greater.  

It is unclear however, whether the periods where EV’s are unable to contribute to reserve (because 

they are mobile) become more expensive because other flexible plant needs to recover costs over 

more concentrated windows, with no net system benefit overall. 

In summary: 

• Reserve service definition and market arrangements to access reserve markets are key 

• Information on EV charging patterns and interventions by market actors to change their behaviour 

are important considerations to minimise impacts on the electricity system and maximise the 

opportunities to provide services.  

• Aggregation of EVs to provide services becomes more important as service energy volumes and 

durations increase. This ensures that battery state of charge is not unduly impacted, and service 

durations can be reliably sustained.  

 

Frequency Response Requirements 

In a similar way to reserve, the SO ensures frequency response is provided at all times and seeks to 

procure it from the wholesale electricity market and dedicated markets in the most economic way. 

The particular performance requirements of the frequency response service (including more 

granular components such as Enhanced Frequency Response) are dependent on system conditions 

(e.g. system inertia) and the size of the largest loss of generation. Broadly however, EV batteries are 

technically capable of meeting even the most demanding frequency response requirements and, 

for the purposes of this qualitative assessment, the service volume requirement and the availability 

of EVs to provide the service are the key components. 
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Figure 6:  Showing the System Operator’s typical frequency response requirement: Ref National Grid4 

 

Frequency Response Service Volume Requirement 

At a technical level, system frequency is managed as a continuum, but the frequency response 

service is broken down into component parts to ensure frequency is maintained within limits and 

allow a portfolio of assets to contribute.  The component service definitions themselves are 

designed based on system needs with the knowledge of the available assets to provide them. 

Satisfying one component alone cannot be considered in isolation because the combined effect of 

the components are highly interactive. 

National Grid SO notes this in their Product Roadmap for Frequency Response and Reserve5, where 

services could be refined to allow for different portfolios of frequency response service 

components. For example, greater volumes of faster acting response will reduce the volumes of 

slower acting response needed.   

Although the detailed composition of frequency response service components may change in the 

future, quick acting frequency response (modulation and frequency containment) will be needed 

and as noted previously, is complimentary to EV battery capability because of the speed of 

response required, but also the relatively low impact on State of Charge (SOC). The existing Primary 

Response definition is a reasonable basis on which to assess future frequency response service 

volume requirements.  

In order to assess the opportunity for EVs to provide frequency response more closely, the 

frequency response volume uncertainties6 together with the uncertainties in services definitions, 

system conditions and needs would need to be modelled more closely alongside vehicle charging 

availability.   

Notwithstanding the service volume variability within day and the likely increase in requirements 

from reductions in inertia and increase in largest loss of supply to 1800MW, for the purposes of 

                                                 

4 National Grid: Product Road Map for Frequency Response and Reserve Figure 2.1 
5 National Grid: Product Roadmap of Frequency Response and Reserve 
6 System Needs and Product Strategy 2017 describes the frequency response volume uncertainties 
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this assessment, we assume that a representative volume of frequency containment available for 

EVs to access is a Primary Frequency response of 2200MW, 500MW of which is modulating 

frequency response.  

From a suitability assessment viewpoint, we assume that secondary response, an automatic service 

to provide power between 30 seconds and 30 minutes, is similar to reserve duration. The system 

needs and services required to meet both secondary response and reserve become more blurred 

with duration as automatically acting services are more interchangeable with dispatched services.  

Observations 

Again, from an EV convenience perspective (when EVs are ordinarily available to charge), overnight 

and during the day are most likely candidates to harness V2G and smart charging capability for 

response because of the relatively stable EV charging behaviour and immobility.  

Although frequency response requirements are higher overnight because of lower demand (and 

inertia) levels, the SO is able to meet a significant proportion of the frequency response 

requirement efficiently from mandatory service provision from Transmission connected generation 

and therefore chooses not to enter into firm frequency response contract arrangements to meet 

the additional requirement.  

In a similar way to the Reserve service, the periods of time when frequency response is more 

lucrative are the periods of time when large volumes of vehicles will be mobile. 

In summary,  

• EVs are capable of providing even the most onerous frequency response services in V2G or variable 

charging mode 

• Frequency response definitions could be redefined to allow EV batteries capabilities to be harnessed 

more effectively but this needs to be done in the context of other available resources and ability to 

aggregate smaller volume resources. 

• Market arrangements and how the SO ensures certainty of service are key. 

 

 Combining services, exclusivity and aggregation 

The System Operator has historically defined and procured services discreetly to ensure that 

system needs are met, and resources aren’t called upon twice for different reasons, which may 

result in a short fall in service provision.    

Battery storage is however very flexible and controllable, and it may be possible to combine 

services hitherto kept separate.  For example, in steady state conditions, technically, Frequency 

Modulation can be provided alongside arbitrage / Time of Use services.      

Where combined services are defined by one entity such as the SO, there may be options to 

redefine how services are integrated. However, many electricity supply actors can obtain value 

services from EV batteries and there is a danger that combined services from one asset to many 

actors may result in an overall short fall in services that jeopardise system security.  Co-ordination 

of requirements, definitions of service, procurement and dispatch across actors may be needed to 

allow EVs to stack services effectively.   

Currently, some market arrangements and payment signals duplicate the desired effect of reducing 

demand, and whilst it may be possible to stack certain revenue streams today, a whole electricity 
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system approach may rationalise the network charging and incentives to ensure behaviour is 

appropriately rewarded.  For example, currently, Triad avoidance, Distribution System Use of 

System (DSUoS) Red Zone and the Capacity Market Levy charges all focus on the same period of 

the day; all are incentivising a reduction in peak demand. Additionally, some charges don’t 

necessarily represent the actual cost of provision, for example, Triad avoidance does not only 

represent peak costs for the transmission system: it is a cost recovery mechanism for transmission 

revenues required to maintain the network over all periods of the day and year and most of the 

increases in Triad over recent years have little to do with peak periods.  

It is therefore important to ensure that there is alignment and proportionality between all revenue 

drivers, such as network charging arrangements and the SO flexibility service arrangements to 

ensure there is a coherent response to actual physical cost drivers.  

 Aggregation 

As noted within the frequency response and reserve section, aggregation is likely to form an 

important part in how services are organised and offered to electricity supply chain actors.  Some 

of the value that can be obtained may be relatively small from an individual EV perspective and so 

exploitation of V2G and smart charging capability are likely to be highly dependent on the 

commercial frameworks and business models that support aggregation of charging resources. 

Where aggregation takes place will also be important: aggregation can take place at a local level, 

regional or national level and be a combination of several market entities.  For example, today, 

aggregators perform an aggregation of service volumes with their clients, and the SO aggregates 

that offering alongside other service providers to achieve the overall required volume.  

The reliability of service provision and the resulting confidence are key for system and network 

operators.  The ability to reliably forecast and despatch flexibility, in addition to responding to 

market price signals in a co-ordinated way, will be key to harnessing the flexibility available.  This 

represents a potential innovation area alongside suitable market design and may consider a 

statistical approach to addressing service availability and dispatch. 

 

 Time of Use cost variations / Intermittent generation output 

variability 

One way in which the market incentives end users to tailor their demand is through time of use 

tariffs.  Cheaper charging can be achieved, and arbitrage opportunities captured, to charge during 

low price periods, discharge during high price periods, or provide home based services. The 

particular risk and reward that consumers are willing to accept can be managed by the Supplier in 

the tariff products they develop and offer.   

The energy system analysis 7has modelled Time of Use cost variation to an extent, where the key 

variable modelled is underlying demand variation and diurnal variation in solar variability.  The 

modelled time segments used are not sufficiently granular to capture all of the opportunities that 

could arise from intermittent generation supply variation. Therefore, this element of the assessment 

undertaken in the energy system analysis is likely to be conservative. 

                                                 

7 Described in D1.2 – Long-term estimates of V2G opportunities 
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With the expectation of increased volumes of intermittent generation connecting to the system, 

intuitively it is valid to assume that storage capability, including EV charging and V2G, will continue 

to obtain value from offering flexibility. The findings from the long-term energy system analysis 

and the near-term analysis undertaken in work package 2 support this.  Building on the long-term 

energy system analysis described in D1.2, the understanding of the scale of this opportunity could 

be enhanced with a more detailed temporal representation of variations in renewable generation.  

This would ideally account for uncertainty, both within day and from year to year, alongside other 

competing flexibility assets, for example, pumped storage, interconnectors and 2nd life batteries. 

 

 Market Balancing / imbalance management 

Wholesale market participants are commercially incentivised to match their contracted supply 

(generation) and demand for each half hour. Where mismatches occur, they are exposed to 

imbalance prices and as such they will make judgements on the cost of accurate balancing against 

the cost of imbalance.  One way in which wholesale participants can manage their imbalance 

position is to use flexible resources to bridge gaps.  At an aggregate level and assuming half hourly 

settlement is in place as the enabler, EVs have the potential to vary their charging behaviour to 

allow a closer wholesale balanced position.   

Whilst in practice this could be seen as similar to optimising Time of Use charging, it differs 

because the signal to change output is driven by an individual market participant’s position rather 

than market prices.  Hence ‘control’ of charging is undertaken more directly rather than, for 

example an EV responding to a price signal.  

Market information is key for electricity supply actors, particularly for network operators and the 

SO, so that controllable demand (including EV charging) are visible and managed in concert.  

Without this, for example, the SO manages greater uncertainty in demand variations by ensuring 

greater volumes of reserve is available. In comparison to demand, transmission connected 

generation is obliged to provide data flows on expected output.   

In summary, EV charging tariffs and how charging behaviour is influenced (e.g. price or 

relinquishing some control) are important determinants.  Similarly, the roles and responsibilities 

that parties play in ensuring a co-ordinated approach are key. 

 

 Other Flexibility Value Areas 

 Increasing Demand during System Minimums 

The SO currently procures a Demand Turn Up service from assets that are able to increase their 

demand at certain times of the year and day.  These times correspond with system demand 

minimums combined with high renewable output periods that most frequently occur in the 

summer but not exclusively. The windows for service provision focus on overnight periods but also 

consider within day periods during the weekends.  The market already provides a cheaper energy 

market price during certain periods of time to encourage demand to be shifted to these times. 

Currently, additional incentives are required to attract further demand increases to help manage 

network congestion from renewable generation, the need to increase inertia levels and to create 

foot room for flexible resources.  These incentives are measured against other potential mitigations 

such as, in the case of inertia, deploying greater volumes of enhanced frequency response. 
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Essentially, the system and energy costs per unit of electricity are a function of total demand, 

renewable generation volume plus the necessary level of flexibility and the capacity of renewable 

host networks. This is a nonlinear relationship, with costs per unit increasing at lower and higher 

demand levels with the ‘optimum’ cost point, somewhere between. A simplistic representation is 

shown below. 

Figure 7: Illustrating market price and actual cost differential 

 

It is likely that inherent system minimums become sufficiently high to obviate an explicit need for 

the Demand Turn Up service. For example, as EV numbers grow, inherent charging demand and the 

prevailing market prices could be sufficient to stimulate greater levels of demand and so removing 

the service need.  

Although this would need to be verified, our current assumption is that the need for explicit 

Demand Turn Up services will reduce over time, and the normal charging behaviour and energy 

market signals will stimulate appropriate behaviour.   

Increasing the temporal granularity of the energy system modelling undertaken within this work 

package could reveal further insight into how V2G can be utilised. Detailed dynamic network 

modelling could also be used to model the interaction of V2G capacity with different parts of the 

electricity network specifically.  This would help assess the system requirements and value that 

could be exploited by flexible demand and/or assets that could provide enhanced frequency 

response such as EV charging.  System behaviour and the composition and location of generation 

sources will be key to understand the value, if any, in the longer term.   

 

 Capacity Mechanism (Generation Capacity) 

The Electricity Capacity Mechanism is designed to ensure sufficient generation capacity is available 

during times of system stress.  A system stress event can occur at any time of year, however the 

capacity procured is based on winter peak conditions and the probability that there could be a loss 

of load.  Capacity can be met by generation sources, storage sources or reductions in demand 

capable of meeting the Capacity Service requirement.  It is paid for by charging consumers a 

Capacity Levy. 

The Capacity procured via the Capacity Market is required to be available on an annual basis, 24 

hrs a day.  A stress event could occur any time of the day and year and the capacity is expected to 
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be available.  Unless the Capacity Service changes definition8, it is unlikely that EVs would want to 

guarantee capacity during a stress event; for example, a stress event could occur whilst the EV is 

not connected. In all likelihood, secondary life batteries will be more appropriate for direct 

participation in the Capacity Market given the higher availability they would offer. 

The Capacity Mechanism Levy is a cost recovery mechanism that also encourages a reduction in 

peak demand between 4 and 7pm over the winter from November to February. EVs can contribute 

to this. It is worth noting however that, in addition, the wholesale market imbalance price does 

increase during times of generation scarcity9 so there is still an incentive to provide energy /or 

reduce demand on an ad hoc basis during stress events.   

It is conceivable that an explicit generation capacity mechanism is retired and the energy market 

arrangements, with the scarcity pricing built in, are relied on to stimulate sufficient capacity. 

Whichever way capacity manifests itself in the market, peak capacity is a significant cost to manage 

and will remain an opportunity to exploit. 

 Voltage control 

Battery storage, connected via a frequency inverter (e.g.  a V2G charge point), is technically capable 

of providing voltage support (also known as reactive power provision or absorption) to the local 

networks they are connected to.  

For Distribution networks, some voltage management requirements are defined in Engineering 

Recommendations G83, G98, G99 and G59, depending on the size of the connecting asset but 

these have typically required operation in a prescribed way10.  

The need for voltage support to address local voltage requirements and a mechanism to instruct 

and measure it are yet to be established.  A key factor in understanding whether this is a service 

and value area that can be developed (assuming it is needed) is how EV charging equipment can 

be co-ordinated, what operating standards will exist as a matter of course, and whether the DNO 

needs certainty of service at times when vehicles might not be connected. It may be that charging 

equipment is required to operate in a particular way, as a requirement of connection and that a 

voltage support service is not practicable.  

Historically, at the Transmission level, reactive power services from assets embedded within the 

distribution network are not effective, particularly from those embedded in the primary network 

servicing the domestic consumer.  

At this stage therefore, our assumption is that voltage support from EVs will not represent a 

significant value area.  

 Restoration Services 

                                                 

8 The Capacity Market is due to have a 5-year review, which may afford some opportunities to change the 

definitions for DSR if that is appropriate. The current definition has caused much frustration for those wishing 

to offer DSR for capacity. It should be noted that, in practice, the clearing auction price captures the risk 

premium and is stacked against other revenue sources.  
9 From 1st November 2018, the imbalance price includes a dynamic reserve capacity price and a value of lost 

load of £6,000/MWh 
10 For example, an asset will operate at a power factor within the range 0.95 lagging to 0.95 leading, relative 

to the voltage waveform unless otherwise agreed with the DNO e.g. for power factor improvement. 
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Provision of Backup power 

Transmission level 

At a Transmission system level, the circumstances in which restoration services are required are 

relatively rare events and the system conditions requiring restoration capability can vary 

significantly.  Local conditions may exist which require a focussed effort or in extremis, regional 

system failure or total black out. 

Whilst storage of any sort could theoretically assist in offering alternative sources of backup power 

or provide initial power injections to auxiliary generation equipment to allow generation to 

operate, the application and co-ordination of relatively small-scale resources for restoration is 

unproven. 

If this technical and logistical challenge could be addressed, it is uncertain whether EV drivers 

would be willing to deplete their vehicular storage at a time when the opportunity to replenish EV 

battery charge is unknown.  

Distribution level 

Circuit faults within distribution networks resulting in loss of service occur more often than 

transmission but still relatively infrequently.  Distribution network operators deploy a number of 

techniques including fault restoration and temporarily siting backup generation.  There are 

however challenges in restoring the network from distributed resources including earthing 

arrangements that are yet to be proved. 

At a home level however, there may be some interest in providing domestic vehicle to home (V2H) 

based back up power e.g. for lighting and other low power requirements assuming appropriate 

earthing and isolation from the network can be achieved.  This may be particularly the case in rural 

settings where short term outages are more common place and the anxiety over retaining/or 

achieving a sufficient battery charge are likely to be less pronounced because the outages are 

typically of short durations. 

The value of services is difficult to quantify; however, some value could be inferred by considering 

the Distribution Network Owners are incentivised to minimise loss of service through Customer 

minutes lost (CML) incentives and that they incur costs in providing back up capability. 

 

Re-Energising the transmission system - Block loading 25MW variable demand 

Current restoration methodologies require starting up large power stations with supporting black 

start capability, energising high voltage power lines and connecting blocks of demand. The process 

is defined within local restoration plans and requires specific actions by generators, DNOs, the TO 

and SO.  Part of the block loading of demand requires the DNO to configure their networks to 

allow for approximately 25MW demand blocks to be sequentially introduced to the small islands of 

power that are being established, gradually building up demand levels.  Although relatively small 

volumes of demand, during black start situations, these present ‘shocks’ that the large generating 

units need to absorb.  Although not proven, more controllable demand such as EV charging, could 

afford a more controlled introduction of block loads which could reduce the shocks and allow for a 

quicker and less uncertain restoration process. Separate to this, but related, the role and behaviour 

of larger power domestic devices and small-scale generation connected via inverters during 

network failure and restoration will require different standards and protocols to be developed.  
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5. Indicative services volumes 

As noted in earlier sections, service volumes will be influenced by a number of factors that are a 

function of: 

• What the future generation mix will be; 

• Inherent daily changes; 

• The extant generation, network capacity and market arrangements that allow EVs to participate in 

flexibility markets; and 

• How demand is billed in the future. 

As an estimate of the relative size of markets, the table below shows some indicative volumes of 

particular services broadly based on current volumes and an expectation that, although service 

volumes will change, their relative size and how they compare with each other are likely to remain 

more stable.   

The value that EVs can bring in optimising the output from intermittent generation is likely to be 

greater than we have been able to assess as part of D1.2 and in this D1.3.   

 

Table 1: Summary of value areas that EVs could access and indicative volumes of service 

 

 

Basic assumptions for service volumes that can apply to smart unidirectional charging and V2G:  

• 1 million vehicles are assumed to provide the services at a given time. 

• Frequency Modulation is a required technical service however it is not procured separately to date. 

• Reserve is illustrated as different durations, but no such System Operator products exist today 

because there has not been a need or benefit in defining more granular products 

• Time of use / Arbitrage volume estimates are based on the differential between high and low 

demand periods; they have not reflected high and low supply periods, for example, because of 

intermittent generation output. 

• Generation Capacity Peak Avoidance assumes shaving off 1GW of annual peak demand. 

• Network congestion is centred on the distribution network and assumes that an EV (3kW) delays 

charging at peak times for an hour  

1,000,000         

Service Price Signal Automatic Instructed

Service 

equivalent 

Power 

(MW)

Service 

equivalent 

Daily Energy 

(MWh)

Typical Frequency of 

call

Equ. Power 

per EV (KW)

Equi. Daily 

Energy per EV 

(kWh)

Equi Annual 

Energy (kWh)

Frequency Modulation Yes 500                small Continuous small small small

Primary / High Response Yes 2,200             13.10              
Assuming 5 events / 

week
2.20 0.013 4.8

Reserve (10 minutes) Yes 3,000             1,000              
Assuming 2 reserve 

call / day
3.00 1.00 365.0

Reserve (15 minutes) Yes 3,000             1,500              
Assuming 2 reserve 

call / day
3.00 1.50 547.5

Reserve (30 minutes) Yes 3,000             3,000              
Assuming 2 reserve 

call / day
3.00 3.00 1095.0

Time of Use / Arbitrage Yes Yes 10,000          2,500              Daily / habitual 10.00 2.50 912.5

Gen Peak avoidance Yes Yes 1,000             2,000              Seasonal - 30 dys year 1.00 2.00 730.0

Network congestion (e.g. 

avoiding evening peak)
Yes Yes 3,000             3,000              Daily / habitual 3.0 3.00 1095.0

No. of Evs participating
Despatch mechanism Indicative service volumes
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6. Concluding remarks - Long Term Opportunities for V2G 

 

The above service descriptions and flexibility opportunities suggests that the following value areas 

are the most likely opportunities to be sustained in the long term for smart /variable charging and 

V2G: 

• Annual peak generation capacity avoidance 

• Peak network capacity avoidance 

• Time of Use Energy 

• Daily network congestion  

• Wholesale Energy Imbalance   

• System Operator Reserve  

• System Operator Frequency Response 

None of these services solely apply to V2G. 

 

Market Arrangements 

The viability, and potentially the necessity of, flexibility adopted by EVs will be influenced by the 

way energy and network costs are billed to consumers, the way services to the energy supply chain 

are rewarded and the market arrangements that accompany them.  

The following developments highlight how arrangements are potentially changing which may allow 

EVs to better engage with the electricity system: 

 

• Smart Meters and H Hourly Settlement 

• Elexon paper on Roaming meter points allowing multiple suppliers at one meter point or conversely 
one supplier at many meter points Multiple Supplier white paper 

• The BEIS / Ofgem Upgrading our energy system: smart systems and flexibility plan. This sets out 
how BEIS and Ofgem will enable a smart, flexible energy system (Flexibility Plan) 

• Ofgem’s Electricity Network Access Project Ofgem Network Access Working Paper 

• Project TERRE (P344) DSR for Cross Boarder Balancing changes Project Terre BSC 
Ref also GC0097 and SO Expanding access to the BM 

• ENA Commercial Principles Paper for DSR Commercial Principles Paper 

• SO System Needs and Procurement (SNAPS) SNAPS, Future of Balancing Services 

 

Market opportunity for smart/variable charging and V2G 

There is undoubtedly value in charging flexibly and offering flexibility in the short term, which is 

likely to be sustained for a period of time. As the number of EVs grows, some relatively low volume 

services could reach saturation. The point at which this might happen is uncertain and will be based 

on the number of EVs available, participating and importantly competition from other flexibility 

providers. This is particularly the case for many System Operator services that are less locational 

specific, such as frequency response and reserve.  

Ultimately, smart/variable charging and V2G can offer similar services and large numbers of EVs in 

smart/variable charging mode, aggregated together, are equivalent to V2G. A key determinant is 

https://www.elexon.co.uk/wp-content/uploads/2018/04/ELEXON-White-Paper-Enabling-customers-to-buy-power-from-multiple-providers.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/633442/upgrading-our-energy-system-july-2017.pdf
https://www.ofgem.gov.uk/system/files/docs/2017/11/reform_of_electricity_network_access_and_forward-looking_charges_-_a_working_paper.pdf
https://www.elexon.co.uk/mod-proposal/p344/
http://www.energynetworks.org/assets/files/electricity/futures/Open_Networks/ON-WS1-P4%20Commercial%20Paper%20(Final%20Draft)-170816-final.pdf
https://www.nationalgrid.com/sites/default/files/documents/8589940795-System%20Needs%20and%20Product%20Strategy%20-%20Final.pdf
https://www.nationalgrid.com/uk/electricity/balancing-services/future-balancing-services
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therefore the number of vehicles participating and whether they are connected to the electricity 

system and are able to be flexible. 

An important observation illustrated below is that during periods of time when many vehicles are 

charging, small variations in individual EV charging will deliver the service volumes needed and 

therefore there is less opportunity for V2G to differentiate from Smart/Variable Charging. 

Conversely, where less EVs are charging, those EVs that are connected have a greater opportunity 

to differentiate V2G capability. 

Figure 8: Illustrating that many EVs reducing their charging is equivalent to fewer EVs injecting power from their batteries. 

 

V2G can however differentiate from variable charging, where they can reduce the underlying 

demand on the electricity system at peaks that would otherwise drive generation and network 

capacity investment.  

 

Service requirements and alignment with EV charging 

EVs present a tremendous and sizeable resource to provide flexibility resources however they also 

represent a significant impact. Some costs could be substantial and unnecessary, for example mass 

responses to half hourly time of use price signals.   Equally, service definitions could be designed to 

exploit EV capability as opposed to EV charging fitting around the services.  For example, reserve 

service definitions and the way services are aggregated could be tailored to capitalise on the 

opportunity. 

If the majority of charging is non-rapid (i.e. <7kW), the greatest opportunities for EVs to provide 

value to the electricity supply chain are overnight and during the working day when a large 

population of vehicles are stationary. ‘Away from home’ charging inducements and facilities will be 

essential in capitalising on this opportunity.   

 

EV charging can incur avoidable costs 

Currently, the way the System Operator manages rapid changes in demand and uncertainty is by 

procuring additional reserve. EV charging has the potential to introduce rapid changes in electricity 

demand if their charging behaviour is not co-ordinated to some degree and therefore affect the 
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reserve volume requirement adversely. This is particularly the case where market prices could cause 

mass EV charging to commence or cease.  

Natural behaviour and inducements to adapt behaviour 

The value obtained from EV storage capability and costs incurred by charging can be presented to 

EV users as a combination of benefits, charging costs, or reduced charging costs. It is unclear 

though, what the best way of combining the offerings to EV users is. Careful design of EV charging 

tariffs and levels of control will be key to achieve the right blend of incentives to deliver the EV 

amenity efficiently.   Developing business models, ownership models and EV supply contracts terms 

will all play a role in building on and expanding knowledge in this area.  A significant element of 

this is the way EV charging, and the services that they could offer, are aggregated and how 

information is exchanged between supply chain actors.  

Aggregation is a catch all phrase that has multiple aspects including; market rules, roles and 

responsibilities, forecasting, despatching and paying for services.  Service design, aggregation rules 

and the basic ability to deliver a reliable service are areas that will need to be developed in order to 

capitalise on the available opportunities.  

 

Competition from other flexibility assets 

Static storage, 2nd life batteries and other flexible assets are likely to pursue the most attractive 

periods for flexibility service provision, which currently coincide with the times when the greatest 

proportion of EVs are mobile.  Once investment in flexible assets has been made, there is likely to 

be competition to provide service at all times, which may depress service prices when EVs can 

contribute.  It is likely however, that local services e.g. local network congestion management will 

experience less competition and be confined to flexible assets at the domestic level such as EVs 

and heat pumps. 

 



Long Term D1.3 Estimates of size of V2G market  

  

 

 
 
-------------------------------------------------------- 
This document is marked as confidential 

7. Recommendations for future work 

 

The modelling undertaken within Work Package 1 had the objective of providing a high-level 

analysis of the benefits of V2G to the energy system, through the integration of V2G into a whole 

energy system modelling capability.  Further examination of the value of V2G to the system, e.g. in 

supporting intermittent sources of generation, could be undertaken by adopting the 

recommendations outlined in D1.2 – Long term estimates of V2G opportunities. Amongst the 

recommendations are:  

• more temporally detailed analysis of energy system operation over extended time periods;  

• dynamic network modelling to investigate the energy flow between V2G and the network;  

• sensitivity analysis around the level of intermittent generation on the system; and  

• accounting for risk and uncertainty around supply and availability factors. 

Aggregation approaches and service definitions are critical in exploiting EV potential fully.  For the 

former, understanding the risk reduction potential of pooling EV V2G storage capability during the 

day and year, at a national and local level will be invaluable. In the latter case, Frequency Response 

and Reserve services, and the market mechanisms to integrate them, could allow greater value to 

be extracted.  

Within the report, we hypothesise that Demand Turn Up services may become unnecessary in the 

longer term as overall demand increases from EV charging.  However, there are a number of factors 

that would need to be considered. For example, the level of renewable generation in a region, the 

inertia on the system, the willingness for EVs to be charged at the times when minimums are likely 

to occur and potential competition. 
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8. Appendix 

 

 Acronyms and Glossary 

 

 

BEIS Department for Business, Energy and Industrial Strategy 

CML Customer Lost Minutes 

DSR Demand Side Response 

DSUoS Distribution Use of System Charging 

ESC Energy Systems Catapult 

LCNI Low Carbon Network Innovation projects 

ESC Energy Systems Catapult 

SOC [Battery] State of Charge 

STOR Short Term Operating Reserve 

ULEV Ultra-Low Emission Vehicles 

V2G Vehicle to Grid 

V2H Vehicle to Home 

  

  

  

  

 


