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Executive summary 
The IET / Energy Systems Catapult Future Power Systems Architecture (FPSA) programme has 
proposed ‘Enabling Frameworks’ as a new approach to system governance to support the 
implementation of new and extended functionality.  

One of the key next steps in developing the concept of Enabling Frameworks further is to test the 
feasibility of an EF approach through the application of Use Cases. The focus of this document is the 
identification and development of these Use Cases.  

The topic selected for these Use Cases was ‘Leveraging Flexibility in Electric Vehicle Charging’. The 
methodology for creating the Use Cases involved identifying a broad selection of high level Use Cases 
within this topic, and selecting a subset of these to develop in detail.  

A review of related projects demonstrates that there is great interest in the subject area of leveraging 
flexibility in electric vehicle charging, from a variety of stakeholders including EV manufacturers, 
universities, municipal bodies, Ofgem and Distribution Network Operators (DNOs). They consider a 
variety of aspects pertinent to the Use Case topic, such as the network impact of EV charging, EV user 
behaviour, direct system control, vehicle-to-grid, and wireless charging.  

Stakeholder input was an important part of the project throughout. A stakeholder group with 
representation from power and automotive sectors, took part in stakeholder engagement activities 
including calls, a workshop, and detail review. The results of these activities fed directly into the 
development of the Use Cases at all stages.  

Use Cases were identified by considering and varying three aspects:  

• Users – for example, domestic, business, and fleet users,  

• Situations – for example, home charging, public charging, and charging at work,  

• Leveraging mechanisms – for example, variable tariffs, provision of ancillary services, and 
peer-to-peer trading. 

The project identified 40 high level Use Cases. A subset of Use Cases was selected to investigate 
further. The selection criteria used included: 

• A range of users, situations, and mechanisms – this involved ensuring that selections were 
made from throughout the Use Case selection 

• A range of timescales – each Use Case was assessed to determine how soon it may become 
prevalent, either in the short, medium or long term.  

• Credible Use Cases – it was important that the Use Cases were feasible and reasonable 
examples, so that stakeholders can be engaged in them.  

• Challenging Use Cases – the Use Cases should be challenging to the wider system and its 
stakeholders, facing a range of challenges between them.  

Seven Use Cases were selected using this methodology, and these were investigated further to form 
detailed Use Cases. The selected Use Cases, and some summarised details, are listed below.  

Use Case 1: Providing battery services to the home 

• The primary stakeholder is a private EV user, with a V2G enabled vehicle that they connect 
at home. The goal is to benefit from price mechanisms that are controlled by user, for example 
home generation or variable tariffs, and to have a back-up power supply during power cuts. 

• Impact on the power system is likely to be to reduce import when the tariff is high, or to 
increase auto-consumption of home generation, decreasing export and import of power to the 
property. The tariffs will need to be managed to provide sufficient incentive. Overall this should 
free-up local network capacity.  

Use Case 2: Return to base fleets providing peer-to-peer services 

• The primary stakeholder is a fleet manager of electric vehicles that all charge at a single 
base location. The goal is to maximise the value from the fleet through trading peer-to-peer 
services, while not compromising its operational capability.  

• Impact on the power system for local trading (assuming cost-reflective price signals) should 
be to reduce upstream distribution and transmission flows. For national trading, balancing may 
be supported, but local constraints may not be considered.  
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Use Case 3: Shared use offering energy community services 

• The primary stakeholder is a fleet manager of shared-use EVs that aims to use flexibility in 
charging to support energy communities (energy communities could be geographically-based, 
or distributed for example co-investing in renewable generation).   

• Impact on the power system when serving a physical community should be to reduce 
upstream distribution and transmission flows, although local network flows within the bounds of 
a physical community will be determined by the location of the EV charging base station relative 
to demand centres within the community.  

Use Case 4: Distributed fleet offering ancillary services 

• The primary stakeholder is a manager of a distributed fleet of EVs. The EVs are charged 
in geographically dispersed locations, including at drivers’ domestic premises or public 
infrastructure. The goal is to maximise the value of the EVs by participating in ancillary services.  

• Impact on the power system should be the benefit from services such as balancing (reserve 
and frequency response). There is also potential in delivering network services, though the 
dispersed nature of the EVs means that this will need to be managed carefully. 

Use Case 5: Direct system control of domestic EV charging 

• The primary stakeholder is a power system player who can take direct control of the 
charging (and potentially discharging for V2G) of domestic connected vehicles to release 
system benefits. The EV user may be obligated or rewarded for relinquishing control to a 
specified level.  

• Impact on the power system should be a benefit, as the control is directly for the benefit of 
the system. However, the needs of different parts of the system, for example local and national, 
must be coordinated as they could otherwise be in conflict. 

Use Case 6: Flexible charging within a long journey  

• The primary stakeholder is an EV user on a long journey. There is established charging 
infrastructure on the route, such that there is flexibility as to the location and timing of charging. 
The route planning considers system considerations, for example, ancillary service offerings, 
as well as convenience and preferences when planning charging.   

• Impact on the power system will be limited - the ability of the wider power system to benefit 
will be minimal unless charging stations are equipped with energy storage which could provide 
additional flexibility. It is unlikely that EV service stations will have constrained connections.  

Use Case 7: Business premises controlled to connection limits  

• The primary stakeholder is a business who provides EV charging to their employees. 
The premises has a constrained or managed connection, and the potential peak of the site 
including EV charging can exceed this limit. EV charging is managed to within these limits.  

• Impact on the power system is to limit the peak power impacts of the charging. However, 
there is likely to be a higher load factor and hence possible reduction in diversity. It may 
decrease home charging in the evenings as EVs are being charged at work.  

The FPSA functions associated with the Use Cases are wide ranging, with most functions having some 
interaction with one or more Use Case. There are some overarching trends in the FPSA functions 
associated with the Use Cases, for example, function groups H: Develop market to support customer 
aspirations and new functionality, and F: Monitor trends and scan for emerging 
risks/opportunities on the power system and implement appropriate responses are both 
important function groups across the Use Case selection.  

There is therefore an opportunity to develop and shape the Use Cases further to support their 
application for this use within the wider FPSA programme. The key aim of this further task could be to 
directly inform the activities of the Enabling Frameworks and Enablement Organisation by further 
exploring the areas of uncertainty and discussion that the Enabling Frameworks would need to cover. 
For example, identifying policy gaps or clashes, new tools and platforms, and data requirements that 
are likely to be required for each Use Case.   

Additional further work could be to keep the stakeholder group which this project has established 
informed, and where appropriate, give opportunity for input and collaboration. There may also be 
opportunity to grow that stakeholder group to a larger network, therefore giving the opportunity for 
further validation and sharing of the FPSA ideas.  
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1 Background and context 

1.1 The Future Power Systems Architecture (FPSA) project 

The IET / Energy Systems Catapult Future Power Systems Architecture (FPSA) programme has 
identified 35 new or extended functions that will be essential to the future efficient, coordinated and 
economic functioning of the electricity power system serving GB. This is during a period of rapid 
transformative change driven by decarbonisation, decentralisation, digitisation and democratisation of 
energy supply.  

The second phase of the programme - FPSA2 - identified significant barriers to implementing the 
required functionality under today’s sector governance arrangements, and has proposed a new 
approach to system governance to overcome these. This new governance is based on a new concept 
called ‘Enabling Frameworks’ (EF) (see Figure 1 below) which would be characterised by inclusiveness, 
transparency, iteration and agility. 

 

Figure 1 - Enabling Frameworks 

The third phase of the programme - FPSA3 - seeks to develop the concept of EF by engaging relevant 
stakeholders in developing the detail and testing the feasibility of an EF approach through the 
application of one or more Use Cases. The focus of this document is the identification and development 
of these Use Cases.  

1.2 The FPSA3 Use Cases  

Several potential Use Case subject areas have been considered, each of which would: 

• have ‘whole electricity system’ impacts; 

• involve many of the 35 functions;  

• explore interactions between EFs; and 

• require the engagement of a wide group of representative stakeholders. 

Subject areas meeting these requirements, and regarded as having potential for investigation through 
a Use Case approach, include: 

• Leveraging Flexibility in Electric Vehicle (EV) Charging  

• Enabling the Smart Home  

• Black & Cold Start Capability  

• Enabling Real and Virtual Communities  

• Maximising the Potential for Energy Storage  
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Of these, Leveraging Flexibility in Electric Vehicle (EV) Charging was selected by the FPSA team, as it 
has the potential to explore many of the challenges and opportunities for the wider power system, and 
it is currently seen as a priority by many stakeholders. This is highlighted by the Government 
announcement that legislation is to be introduced banning the sales of new ICE cars in UK from 2040 - 
which is likely to have ramifications for public and private transport, and implications for the electricity 
sector, well before 2040. 

1.3 This document 

This document presents the findings of the FPSA3 Use Case work, including the seven detailed Use 
Cases under the subject area ‘leveraging flexibility in EV charging’. The document consists of 7 
sections; 

• Section 1 presents the background and context of this study 

• Section 2 outlines the approach taken and project methodology 

• Section 3 describes the process of high-level Use Case identification 

• Section 4 describes the selection of the Use Cases to be analysed further 

• Section 5 presents the detailed Use Cases 

• Section 6 offers conclusions on the trends and exceptions within the Use Case detail and 
reflects on the learning of the project 

• Section 7 suggests some next steps to develop this work further as part of the FPSA 
programme 

The detailed notes from each of the stakeholder engagement activities is included in Appendices 1, 2, 
3 and 4. Appendix 5 shows the selected detailed Use Cases.  
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2 Project approach 

2.1 Interpretation of ‘Leveraging Flexibility in Electric Vehicle 
Charging’ 

The Use Cases that have been identified and developed do not cover the full breadth of electric vehicle 
charging scenarios. Instead, they focus on those that describe how the flexibility in EV charging can be 
leveraged within the power system. These Use Cases are a future view of the functionality required to 
move the energy system forward into a position where it can meet future changes in demand, which is 
in line with the aims of the FPSA programme.  

An example of a Use Case that has not been included could be ‘An EV user charging at the next 
available fast charger on a long journey’. However, ‘Flexible charging within a long journey’ has been 
included to cover the important aspects in terms of Power System interactions.  

2.2 Related projects 

A review of related projects demonstrates that there is great interest in the subject area of leveraging 
flexibility in electric vehicle charging, from a variety of stakeholders including EV manufacturers, 
universities, municipal bodies, Ofgem and Distribution Network Operators (DNOs). They consider a 
variety of aspects pertinent to the Use Case topic, such as the network impact of EV charging, EV user 
behaviour, direct system control, vehicle-to-grid, and wireless charging.  

One of the most important recent projects in this area has been My Electric Avenue. This project 
recruited over 100 people in clusters around the UK to drive the Nissan Leaf for 18 months, while their 
charging behaviour was continually monitored and controlled. The results from the study have provided 
valuable insight into charging trends and included aspects of direct system control. The project trialled 
a demand side management system called ‘Esprit’, which successfully limited charging when 
necessary. This capability presents a solution for DNOs to avoid the need for digging up roads and 
installing higher capacity cables and represents an estimated economic saving of around £2.2 billion 
by 2050. The indication in the project was that the participants were generally comfortable with this level 
of control.  

Electric Nation is building on the findings of My Electric Avenue. It is considering the acceptability of 
charging restrictions amongst EV users as well as the impacts on the network from a range of vehicles 
and battery sizes and variable charging rates. Furthermore, it aims to provide a tool for DNOs that 
analyses and quantifies EV associated stress issues. Plan Grid EV is another project that created an 
analysis tool to address the new challenges of distribution dealing with the uncertainty of EVs 
connections. The planning tool, accessible to the Plan Grid EV project partners, simulates different 
scenarios using probabilistic data for EV behaviour and distributed energy resources. This EU wide 
project targeted DSOs (Distribution System Operators) and sought to optimise large-scale roll-out of 
EVs in Europe as well as helping countries realise the full potential of Distributed Energy Resources.  

As part of the Low Carbon London integrated project, the impact of EVs on London’s power network 
was measured and evaluated. One of the many trials that were carried out included ‘ToU tariffs’. This 
initiative involved 1,100 participants who responded positively to statements on the tariff and did not 
find the tariff too complex. 81% of participants agreed or strongly agreed that the ToU tariff should be 
the standard for everyone.  Another initiative focused on active smart management of EV charging to 
manage peak loads and found there was no noticeable negative impacts on the EV charging 
experience. However, it did note that due the cost associated with a large scale roll out, only the ‘at risk’ 
transformers should be targeted initially. Both initiatives involve mechanisms that are in the Use Cases 
presented in this report.   

Several academic papers have also studied the impact of EVs on the power network. M. Neaimeh et 
al. found that there is greater than previously suggested capacity to support EVs, with urban areas able 
to accommodate 60% EV penetration 15% in rural areas. BMW and FORD, with support from SSE and 
funding through an OFGEM incentive scheme, completed projects on the impact of EVs on the 
electricity distribution network. This included evaluation of the balance between domestic and public 
charging and testing the price sensitivity of customer behaviour. This response of EV users to variable 
tariffs is an important leveraging mechanism of flexible charging and is included in many of the Use 
Cases.  
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Two of the projects identified are OFGEM funded vehicle-to-grid (V2G) technology projects, which is 
an important technology that can present more opportunities to leverage flexibility in EV charging. The 
2012-2014 V2G project investigated EVs using their excess battery capacity to provide ancillary grid 
services. These services, usually provided by an aggregator, would allow the power system players to 
more effectively manage the energy demand. A study that will finish in 2020 is assessing the network 
impact of V2G as the use of the technology becomes widespread. It will make recommendations on 
how to mitigate impacts, determine likely connection costs and investigate the potential for V2G to 
support networks during constraint periods. Nissan have partnered with OVO Energy to launch an V2G 
product for 2018 and accelerate the adoption of home battery storage in the UK. 

Wireless charging could be an important enabler for some Use Cases. The most likely application of 
this technology will be to fleets of vehicles that travel along a predicted route, such as a bus. FABRIC 
is an EU funded feasibility study that looks at the implications and limitations of wireless on-road 
charging. In Milton Keynes, the Electric Boulevards study trialled an electric bus fleet and inductive 
power transfer (IPT) devices. This project investigated the infrastructure requirements for IPT charging 
and tested new practices for connecting IPT devices to the distribution system. 

There are two high-level projects that consider the UK’s power system’s longer-term challenges and 
solutions. The Future Energy Scenarios 2017 are published by the National Grid and present credible 
pathways for the UK’s energy system out to 2050, supporting activities such as investment and 
operability planning. The scenarios identify the potential impact on consumer power demand by 
unmanaged mass EV charging and recognises rapid EV charging, wireless charging and V2G services 
as emerging technologies that can influence energy demand. Distribution System 2030 was part of 
OFGEM’s Smart Grid Forum and aimed to confirm the technical viability of the future distribution system 
and suggested changes required to the current role and responsibilities of the DNOs. 

A summary of the related projects identified is given in the table below: 

Project/Research Date Description 

Vehicle to Grid (V2G) - 
the network impact of 
grid-integrated vehicles 

2017 
-2020 

Funded via OFGEM’s Network Innovation Allowance, this project 
assessed the network impact of V2G as the use of the technology 
becomes widespread.  

Electric Nation 
2016 

- 
2020 

Building on the results of My Electric Avenue, this project will look at 
the impact of different EV types, battery sizes and charge rates. It will 
provide an analysis tool to DNOs. 

FABRIC 
2014-
2017 

This EU funded feasibility study looks at the potential, implications 
and limitations of wireless on-road charging.  

National Grid Future 
Energy Scenarios 2017 

2017 
This publication by the National Grid outlines scenarios based on the 
energy trilemma of security of supply, affordability and sustainability.  

Electric Boulevards 
2013 
-2016 

This project trialled an electric bus fleet and inductive power transfer 
devices in Milton Keynes.  

Plan Grid EV 
2013 

- 
2016 

This EU funded research project sought to facilitate EV roll out though 
the development of network planning tools and methods for DSOs  

A probabilistic 
approach to combining 
smart meter and EV 
charging data to 
investigate distribution 
network impacts 

2015 
This paper, authored by M Neaimeh et al. from Durham and 
Newcastle Universities, studied the impact of the uptake of EVs on 
electricity distribution networks.  

Distribution System 
2030 

2014-
2015 

Part of the WS7 of the Smart Grid Forum, this study assessed how 
smart solutions will operate in future distribution systems 
incorporating the connection of new Low Carbon Technologies (EVs).  

My Electric Avenue 
2013 
-2015 

A field test project that incentivised temporary clusters of EV use in 
neighbourhoods. The charging activity was then monitored and 
controlled to gain insight into the strain on the electricity distribution 
network from the uptake of EVs. 
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2.3 Project methodology 

The project comprised of the following key tasks, as summarised below in Figure 2. These tasks 
included: 

1. Use Case identification – a wide-ranging identification of all relevant Use Cases. Though this 
aimed to cover all key barriers and opportunities, the target was not to have a comprehensive 
list, but to capture the range of the Use Case landscape. A first view of the relevant stakeholders 
and likely timescales of their relevance is identified.  

2. Use Case selection – selection of a subset of Use Cases to be identified further. This subset 
allows the required depth to be developed in each case. The selection comprise the breadth of 
timescales and stakeholders identified in Task 1. 

3. Use Case detail – development of detailed Use Cases that had been identified in Task 2, 
including identifying the scope, the flows of activities, and the relevant FPSA functions and 
barriers.  

Ongoing stakeholder engagement was used throughout the course of the project to capture input from 
industry, research and government stakeholders. The stakeholder engagement activities included: 

• A stakeholder call on the 21/09/17 to introduce the Use Case identification approach.  

• A one day workshop on the 25/09/17 to review the breath of Use Cases selected and agree 
on Use Cases to develop in detail. The content to include in these detailed Use Cases was also 
discussed and agreed upon.  

• A final stakeholder call on the 04/10/17 to review the detailed Use Cases.  

• A stakeholder review between (04/10/17 to 11/10/17) in which stakeholders were sent the 
detailed Use Cases and encouraged to provide feedback. 

Full notes and participant list can be found in appendices 1, 2, 3, and 4. 

Vehicle to Grid 
2012 
-2014 

Funded via OFGEM’s Network Innovation Allowance, this project 
examined the case for EVs to use their excess battery capacity to 
provide ancillary grid services. 

Low Carbon London 
2011-
2014 

Low Carbon London was a large-scale project that measured and 
evaluated the impact of several low carbon technologies on London’s 
power network. Regarding EVs, the project confirmed that 
uncontrolled EV charging would result in accentuated demand peaks 
and place the power system under greater stress.  

Effect of Electric 
Vehicles on Distribution 
Networks 

2012 
-2013 

The project investigated the potential impact of EVs on the existing 
GB distribution network and studied the potential for energy in the car 
battery to be returned to the grid during peak load or for system 
support 

BMW & FORD Electric 
Car projects 

2011 
-2013 

These two projects, supported by SSE, investigated the impact of 
electric vehicles on the electricity distribution network. This included 
researching the customer behaviour trends. 

Impact of Electric 
Vehicles on Power 
Distribution Networks 

2009 

This paper, authored by G A Putrus et al. from Northumbria 
University, analysed the impact of EVs on power distribution 
networks, evaluating supply/demand matching and potential 
violations of statutory voltage limits, power quality and imbalance. 

4: Stakeholder 
engagement 

1: Use case identification 

2: Use case selection 

 3: Use case detail 
 

Figure 2 - Overview of methodology 
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3 Use case identification 

3.1 Use Case identification approach 

Throughout the Use Case identification process, the subject area ‘Leveraging Flexibility in EV Charging’ 
was used as the high-level condition that guided selection.  

Three aspects by which Use Cases can be categorised were then identified and used as an organic 
approach to establishing a broad range of high-level Use Cases.  

• User – the electric vehicle driver or owner, including:  

o Domestic user 

o Business user 

o Shared use fleet manager 

o ‘Return to base’ fleet manager 

o Manager of fleets with predictable route 

o Distributed fleet manager 

• Situation – describes where the EV is charged in the Use Case, including:   

o Home 

o Public 

o Business premises 

o En-route 

o Geographically distributed 

o Battery swap-out 

• Leveraging Mechanism – the way that the flexibility in charging approach can be leveraged, 
including:    

o No flexibility 

o ToU / variable tariff 

o System ancillary services 

o Energy community services 

o Battery services to the home 

o Direct system control 

o Peer-to-peer services 

o Control to connection limits 

In some cases, different vehicle and charging technologies (such as vehicle to grid, or wireless inducting 
charging technology) may bring about new Use Cases, or alternative versions of other Use Cases. For 
example, vehicle to grid technology gives rise to the Use Case of using the vehicle as a backup battery 
for the home generation. These are considered alongside the aspects above. 

3.2 Stakeholder engagement in Use Case identification 

As described in Section 2.3, stakeholder engagement was an important input to the tasks throughout 
the project. Stakeholders contributed to identifying and refining Use Cases. The learning points from 
these two activities are listed below. 

Learning points on Use Case identification from the initial Stakeholder call (21/09/17) included:  

• Distributed tariff Use Cases were added under a number of categories, to represent the case 
where a tariff for charging EVs is based on the vehicle and tariff arrangements, rather than set 
by the location of charge. 

• Public charging offering energy community services was added as a Use Case, which 
could include community owned charging infrastructure where the charging is controlled to 
support the community. 

• These Use Cases will change over time as range anxiety and difficulty in finding chargers 
disappears.  
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• Different charging and vehicle technologies should be included within each Use Case as 
alternative flows. 

Appendix 1 contains the full participant list and notes from the call. 

Learning points on Use Case identification from the Stakeholder Workshop (25/09/17) included:  

• ‘Battery Swap-out’ was established as an additional topic area that added another Use 
Case. There was a general agreement that although battery swap-out is unlikely to play an 
important part of the future EV landscape, it was a sufficiently relevant technology for it to be 
considered as part of the identification stage. However, it was discounted as a potential Use 
Case for detailed analysis, as stakeholders from Nissan and Newcastle University highlighted 
that the increasing speed of EV charging limits the appeal of battery swap-out, especially 
considering the cost and requirement for standardisation.  

• ‘Predictive route planning for charge optimisation’ was added as an additional Use Case 
after discussion about the large potential of flexible charging of fleets en-route. It was also 
decided to include catenary charging as well as wireless charging to the en-route fleet charging 
Use Cases.  

• Distributed tariffs were confirmed as an interesting concept that will likely be realised. 
For this reason, four Use Cases were included that utilise distributed tariffs although it was 
noted that thought needs to be given to international travel with respect to tariffs.  

• V2G can enhance the life of the battery, as commented by Newcastle University stakeholders 
from research undertaken at Warwick University. This supports the selection of V2G Use Cases 
and potentially increases their frequency of incidence.  

• Flexible charging on long journeys was challenged but kept in the list. Discussion was 
around how much opportunity this Use Case had, noting that flexibility for an individual journey 
is limited, and it is likely that charging stations would have unconstrained connections at high 
voltage levels, and so local constraints are not likely to be an issue. It was decided to keep this 
Use Case to explore the potential for flexibility in the location and time of charge while ensuring 
the user can complete the journey conveniently. It was also suggested that storage facilities at 
recharging station would allow flexibility services such as price sensitivity.  

• Car Parks were identified as exceptional cases within ‘public parking’ Use Cases. It was 
agreed that due to the high concentration of vehicles, car parks could have a significant impact 
on the grid. This did not constitute the creation of separate Use Case, instead car parks would 
be represented in the alternative flow of appropriate public charging Use Cases. 

• Shared-use vehicle fleets are heavily utilised assets, which may reduce their charging 
flexibility. However, stakeholders agreed with their inclusion. 

• ‘Direct system control’ Use Cases are controversial, but it was decided that they are an 
important part of the landscape and that they should be considered. 

Appendix 2 contains the full participant list and full notes from the workshop. 

3.3 Identified Use Cases  

Figure 3 displays the mind map that was developed to provide a structure for categorising each Use 
Case and selecting those for detailed development. As discussed in section 3.1, the Use Cases have 
been categorised by User and Situation and from this scenario several Use Cases have been 
developed that account for the range of Leveraging Mechanisms possible.  

Two or more of these Use Cases can be in use by one vehicle and user at one time, for example, a 
vehicle connected at home can optimise between ancillary service offerings, peer-to-peer services, and 
providing battery services to the home premises. However, within this project, the Use Cases are kept 
separate.   
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3.3.1 Use Case User and Situation 

The bullet points below describe the Use Case categories in more detail. Words in italics refer to key 
learning points taken directly from stakeholder engagement. 

• Domestic charging by a domestic EV user describes the situation where an individual who 
has use of an EV, whether through ownership or hire, charges their EV at their domestic 
premises. When there is no private parking in the home, then it is assumed that the Use Cases 
covering work and public parking are used.  

• Public charging by a domestic or business user describes the situation where an individual, 
who has use of a private or business vehicle, charges their EV in public. This could be at a 
service station on a long journey, at an on-street parking charger at home, on a shopping trip 

Figure 3: Mind map showing breadth of selected Use Cases 
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away from home or in a public car park. Charging in car parks is an especially interesting 
situation as there will be a large concentration of vehicles that could create a significant impact 
on the grid. 

• Battery swap out by all users is a Use Case category that has been included as it represents 
a technology that could facilitate flexibility. However, input from stakeholders suggests that the 
development of fast charging combined with prohibitive costs and a requirement for 
standardisation of swap-out components, make it unlikely to be an important part of the future 
landscape.  

• Charging at work by domestic and business users describes the situation where an 
individual, who has use of a private or business vehicle, charges their EV at work. They may 
also have the facility to charge at home or this may be their primary charging scenario.   

• Charging at the business premises by a ‘return to base’ fleet describes the situation where 
a fleet of EV vehicles return to base for their charge, such as delivery vans or public transport 
buses.  

• Public, business or domestic charging by a shared use fleet describes the situation where 
a fleet of vehicles that are available for shared use are charged by the individual users at home, 
work or in public. There are different Use Cases to consider depending on whether there is a 
single charge base compared with dispersed public charging. Shared vehicles are also likely to 
be a more heavily used asset than privately owned vehicles, and so flexibility may be impacted. 

• En-route wireless, catenary or public charging by a predictable route fleet describes the 
situation where a fleet of vehicles, which travel along a known route, are charged during the 
journey. This could be via wireless charging, through an overhead electricity wire system or at 
public charging stations. This situation may apply to buses, delivery vehicles, street cars or 
trams.  

• Distributed charging by a distributed fleet describes the situation where a fleet of vehicles 
do not return to a single base to charge but are charged in public or at the domestic premises 
of the EV drivers. This is a common fleet model amongst taxis, maintenance and construction 
companies.  

3.3.2  Use Case Leveraging Mechanisms 

Within each situation, Use Cases are formed based on different leveraging mechanisms. These 
mechanisms are listed below:  

• Variable tariffs are electricity tariffs that change over time, meaning that using power costs 
different amounts at different times. Tariffs may be fixed to certain times of the day, or change 
in real time. The roll out of smart meters and other energy management technologies are 
making these types of variable and dynamic tariffs possible. These tariffs can influence 
charging and discharging behaviour of users who are seeking to take advantage of a lower 
price of electricity, consuming or selling the stored electricity during higher price peak times. 
These tariffs could be distributed, which was confirmed by stakeholders as an interesting 
concept that will likely be realised 

• Ancillary services are services that can support the operation of the wider power system, for 
example to help in system balancing. National and large-scale ancillary services are already in 
use today. This could grow in the future to include smaller individual loads and local power 
issues, such that they could be offered by EV users to local or national power system players. 
This will usually be facilitated through an aggregator and made attractive by the offer of variable 
or discounted tariffs or a direct payment. 

• Energy community services might include energy balancing (particularly for micro-grid 
communities) or storage of community energy generation. EV users offering energy community 
services will aim to maximise social and financial benefits by leveraging flexibility in charging 
(or discharging in V2G) based on the needs and benefits of the community. The take-up of this 
type of leveraging mechanism may be undercut by more profit-driven alternatives, but the 
potential of non-financial drivers should not be under-estimated.  

• Offering battery services to the home is a leveraging mechanism available to domestic EV 
users who seek to maximise the benefit of flexibility in charging and discharging of the vehicle 
battery. The battery could be used to maximise the value of home generation or variable tariffs, 
and be used as a backup power supply during power cuts. Static batteries that offer these 
services are already in the market and so it is not a huge step to utilise an EV battery instead.   



FPSA3 Bridging Use Case Development   |  10

 

   
Ricardo in Confidence Ref: Ricardo/ED62981/Issue Number 2 

Ricardo Energy & Environment 

• Direct system control describes the situation when a power system player takes direct control 
of the charging (and potentially discharging for V2G) of an EV. The aim is to release system 
benefits, such as balancing, voltage control, or constraint management. The EV user may be 
obligated or may be rewarded for relinquishing control to a specified level. The control may be 
over a short or mandated longer duration and could be offered by the user as a service. 
Although direct system control has been used before with hot water tanks, it could be a more 
difficult sell in today’s more informed and liberalised society. Socially, it will be a controversial 
subject. There was an element of direct system control included in the ‘My Electric Avenue’ 
project (see Section 2.2) 

• Peer-to-peer services describes the trade of power between multiple entities, without the use 
of an intermediary, using a peer-to-peer trading platform. This system utilises variable costs of 
using power, for example due to variable tariffs or local generation, to encourage trade and 
could result in local and national load balancing and flattening.  

• Control to connection limits describes a user who wants to provide EV charging services but 
is constrained to connection limits. This is most relevant to charging at business premises 
(including fleet charging), as it is these premises that are most likely to have connection 
constraints imposed upon them.  

Not all the leveraging mechanisms are relevant to all situations, and only the most suitable ones have 
been included as specific Use Cases in the selection represented by the mind map in Figure 3.  
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4 Use Case Selection 

4.1 Use Case Selection Approach 

A subset of Use Cases was selected to investigate further. The selection criteria used included: 

• A range of users, situations, and mechanisms – this involved ensuring that selections were 
made from throughout the Use Case selection 

• A range of timescales – each Use Case was assessed at a high level to be likely to be possible 
and prevalent in the short, medium and long term. The Use Case selection aimed to have a 
spread of timescales.  

• Credible Use Cases – it was important that the Use Cases were feasible and reasonable 
examples, so that stakeholders can be engaged in them.  

• Challenging Use Cases – the Use Cases should be challenging to the wider system and its 
stakeholders, facing a range of challenges between them.  

An initial selection was made and tested at the initial stakeholder call and the stakeholder workshop. 
The findings at these events guided the final selection.  

4.2 Stakeholder engagement into Use Case selection 

As described in Section 2.3, stakeholder engagement activates including calls, a workshop, and reviews 
provided continual input into the project tasks. Input from stakeholders regarding the selection of 
detailed Use Cases was gathered during the initial stakeholder call and the workshop.  

In the initial stakeholder call, held on 21st September 2017, two approaches to selection were 
discussed;  

• select Use Cases across a range of users and situations therefore covering a range of 
issues and stakeholders,  

• select all Use Cases from one user category therefore thoroughly exploring that user’s 
interaction with the technology and other stakeholders.  

It was agreed that the former option would best reflect the aims of the project. It was also agreed that 
Use Cases that did not have elements of flexibility could be excluded. 

Further details about the findings in this call, including attendees and full notes, can be found in 
Appendix 1.  

During the workshop, held on the 25th September 2017, several changes were made to Use Case 
selection. The proposed selected Use Cases presented to the stakeholders at the workshop were: 

• Providing battery services to the home 

• Shared use offering energy community services 

• Flexible charging within a long journey 

• Flexibility with business ToU Tariffs 

• Fleets providing peer-to-peer services  

• En-route fleet offering system services 

Through discussion with the stakeholders at the workshop, the following changes to this selection were 
made: 

• ‘Flexibility with business ToU Tariffs’ was removed as there were questions about the 
effectiveness of business variable tariffs, and the business drivers did not seem credible.   

• ‘En-route fleet offering ancillary services’ was removed as it was not seen as credible, and 
the stakeholders could not form a story and argument around its use.  

•  ‘Distributed fleet offering ancillary services’ was added as it was seen as a more credible 
Use Case for leveraging using ancillary services, and had interesting challenges around 
distributed vehicles controlled centrally.  

• ‘Direct system control of domestic EV charging’ was added as it bought out interesting 
challenges where the wider system could see this as a vital contributor to the stability and 
resilience of the system, but there were social acceptance challenges with the customer.  



FPSA3 Bridging Use Case Development   |  12

 

   
Ricardo in Confidence Ref: Ricardo/ED62981/Issue Number 2 

Ricardo Energy & Environment 

• ‘Business premises controlled to connection limits’ was added as it was felt that this was 
a likely situation and Use Case, and the motivations of the different stakeholders is an 
interesting aspect.   

4.3 Selected Use Cases 

Table 1 displays the seven selected Use Cases.  

 

Use Case Leveraging Mechanism Primary Stakeholder Time scale 

1. Providing battery services to 
the home 

Variable tariffs / V2H EV user Short Term 

2. Return to base fleets 
providing peer-to-peer services  

Peer-to-peer services 
Fleet Manager (return 
to base) 

Long Term 

3. Shared use fleets offering 
energy community services 

Energy Community 
Services 

Fleet Manager 

(shared use) 
Medium Term 

4. Distributed fleet offering 
ancillary services 

Ancillary services 
Fleet Manager 
(distributed fleet) 

Long Term 

5. Direct system control of 
domestic EV charging 

Direct system control Power system player Medium Term 

6. Flexible charging within a 
long journey 

Ancillary services EV user Medium Term 

7. Business premises 
controlled to connection limits 

Control to connection 
limits 

Business Short Term 

Table 1: Selected Use Cases for detailed analysis 

As required in the selection methodology, the Use Case selection includes a range of: 

• Timescales – The timescales are an assessment of how soon a Use Case may be possible, 
and become common. The selection includes 2 short term, 3 medium term, and 2 long term 
Use Cases.  

• Leveraging mechanisms – The Use Cases are selected across a range of 6 different 
leveraging mechanisms, which means that they are likely to involve a range of challenges and 
opportunities.   

• Primary stakeholders – The Use Cases are selected across a range of 6 different user groups, 
with two selected that focus on domestic charging, though they have different primary 
stakeholders, leveraging mechanisms, and time scales. As they address very different 
challenges, it was considered important to include them both.  

There are no Use Cases selected from the ‘battery swap-out’ or ‘en-route fleet’ scenarios. These 
scenarios were identified as being less credible than the others, and therefore less valuable to be 
investigated. During discussion with stakeholders, there was little confidence that battery swap-out 
would play a significant role in the future of electric vehicles, as there are significant technical and 
compatibility barriers, and the potential speed benefits are being addressed by very fast charging 
options that could charge vehicles in minutes. En-route charging was also discussed during the 
workshop, and there was consensus that charging under this Use Case was likely to occur for a short 
duration, and therefore have limited flexibility, and is unlikely to have significant impact on the LV 
feeders due to their thermal inertia. 
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5 Detailed Use Cases 

5.1 Approach to Use Case details 

Each detailed Use Case is comprised of the following information: 

• Description - a brief overview of the Use Case, introducing the situation and the leveraging 
mechanism. 

• Scope – lists the key elements and boundaries of the system being described and the relative 
frequency that the Use Case will be experienced.  

• User scenario – a brief description of a scenario involving a user interaction with the power 
system that gives benefit to a stakeholder.  

• Stakeholder(s) – identifies the primary stakeholder (who is the key decisions maker and 
initiates the Use Case) and other stakeholders (anyone who interacts with the system), and 
summarises their role within the Use Case into categories such as ‘enabler’ or ‘influencer’.  

• Preconditions – what must be true before the Use Case runs (invariably there is some overlap 
with barriers). 

• Postconditions – what must be true after the Use Case runs. 

• Basic flow – a high level description of the steps in a straightforward case where the goal is 
achieved. This flow is generic enough to be applicable to most success scenarios, though will 
not have the detail of the alternative flows. 

• Alternative flows – a range of ways that the Use Case may play out, potentially depending on 
the motivations of the stakeholders, technology available, or the status of the wider system or 
other technology. These are described at a high level, but are not drawn out as part of this 
project.  

• Relationship to other Use Cases - determining which Use Cases need to be supported as a 
prerequisite or are dependent on the introduction of the Use Case defined in the scope. 

• Timing – an estimate of how soon a Use Case may be possible, and become common. This is 
a high-level assessment, and Use Cases are categorised as short term, medium term, or long 
term.  

• FPSA functions impacted – identifying which of the FPSA 35 functions are impacted by the 
Use Case. This is split into two categories – those functions that are needed as enablers for 
the Use Case, and those functions that are strongly impacted when the Use Case becomes 
prevalent.  

• Barriers to implementation - specific barriers that may prevent the Use Case from being 
implemented (with reference to the barriers to functionality reported by FPSA2 WP3). 

The Use Case detail was brought together over the project, with reference and experience of related 
projects, previous FPSA programme learning and outputs, and with input from the stakeholder group, 
as described below.   

5.2 Stakeholder engagement in Use Case details 

The stakeholder engagement activities within this project are listed in Section 2.3. Input from 
stakeholders regarding the content filling of detailed Use Cases was a valuable and integral part of this 
task.  

The workshop held on the 25th September 2017 included significant discussion around Use Case 
detail. Stakeholders were presented with an example detailed Use Case, and asked for comment. They 
were then provided with templates into which they could begin to populate the content of each detailed 
Use Case, as defined in Section 5.1.  

More detail of the workshop outputs, including the attendees and discussion points, can be found in 
Appendix 2. This input fed directly into the draft of the detailed Use Cases developed following the 
workshop, and presented in the stakeholder Use Case review call. 

The Use Case review call, held on the 4th October 2017, covered each of the Use Cases in turn, with 
facilitated discussions around the general comments, and the likelihood and timing of the Use Case 
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coming about. A key point made at the start of the call was the need to consider the impact of the Use 
Case on the wider system, so this aspect was also discussed.  

Full details of the discussions in this call can be found in Appendix 3 and the key points and themes 
that emerged for the seven Use Cases are listed below: 

1. Providing battery services to the home 

• This is likely to be a common Use Case as people are already doing this. 

• A positive impact on system depends on how the tariffs are set. Furthermore, it is important to 
consider how synchronised behaviour by many households would impact the system. 

2.  Return to base fleets providing peer-to-peer services   

• It was agreed that this is a long-term Use Case, with market structure and a commercial 
framework the main barriers, however, the involvement of large and influential parties may bring 
it about sooner.  

• The general impact may be to flatten the load curve and support balancing, though local 
network limitations should be considered.  

3. Shared use offering energy community services 

• Many examples of these vehicles may have high utilisation, which would mean they are less 
likely to be available for services.  

• This Use Case can create a positive impact but the impact is unlikely to be significant, as take-
up may be minimal.  

4. Distributed fleet offering ancillary services 

• This is a contractually very difficult Use Case requiring standardisation of communication 
between the EV and charging infrastructure as well a standardised tariff. 

• This Use Case can have a positive impact but may be slow to realise due to the complexity of 
implementation. 

5. Direct system control of domestic EV charging 

• This was previously demonstrated with hot water tanks; however, it could be more difficult to 
sell this in today’s more informed and liberalised society and due to perceived sensitives around 
transport needs. 

6. Flexible charging within a long journey 

• International journeys should be included as an alternative flow. 

• Long journeys may span different areas of power constraints, and so leveraging flexibility in 
charging would positively impact the system. However, as charging is likely to be at ‘service 
station’ style charge centres, and these centres are likely to negotiate adequate capacity or 
else be supported by a stationary battery, then this Use Case may have limited benefit.  

7. Business premises controlled to connection limits 

• This will have a positive impact on the system by ensuring constraints are not exceeded and 
there could be a shift away from charging at the peak evening time, especially during the winter 
peak. However, there could be a negative system impact due to an increase in diversity of 
demand, as the site will be more heavily loaded more of the time.  

The stakeholder review period gave the stakeholders an opportunity to respond to the detailed Use 
Cases following the call. Four stakeholders responded to the request to review with further points. The 
points covering specific Use Case details are summarised below. 

• Data and cyber security needs to be included in the Use Case detail 

• The impact of each Use Case on the wider power system is an important consideration that 
needs to be included.  

• Automation of home “islanding” required as power supply to home during power cut is not 
allowed under current Distribution Code and distribution industry policies and practices. This is a 
barrier that need to be added to Use Case 1.  

• It is likely that ‘direct control’ of chargers would be implemented as a mandated override of 
other services. They are more likely to purchase “mandated” over-ride of other services provided 
through the smart charger or V2G capability in the home. 

• There are some assumptions and pre-conditions that all the Use Cases are based on: 
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- Real time network reconfiguration to see if the constraint can be otherwise relieved. 

- If the constraint can be removed via the use of existing distributed energy resources.   

The review comments also covered other points including suggestions for next steps. A more complete 
summary of review comments and respondents is included in Appendix 4.  

5.3 Use Case Details 

Some key details and summaries for each of the seven selected Use Cases is included in the sections 
below. These descriptions form useful framing of the Use Cases. Full details of each Use Case in 
included in Appendix 5.  

5.3.1 Use Case 1: Providing battery services to the home 

The primary stakeholder is a private EV user, with a vehicle that they connect at home. The vehicle 
and associated charging infrastructure has V2G enabled. The premises may have home generation or 
a variable electricity tariff associated with it as well. 

The goal of the primary stakeholder is to maximise the benefit of flexibility in charging and discharging 
of the vehicle battery through mechanisms that can be controlled by user and are within the boundary 
of the premises, for example home generation or variable tariffs, and to have a back-up power supply 
during power cuts. 

Impact on the power system is likely to be to reduce import when the tariff is high, or to increase auto-
consumption of home generation, decreasing export and import of power to the property. Assuming that 
tariffs are linked to system demand, this should result in decreased import at times of high demand, 
which should free-up local network capacity. This assumes import and export tariff price signals provide 
sufficient incentive. It will be important that tariff price change signals are sufficiently offset to prevent 
synchronised switching (note: this is now a DCUSA requirement in respect of the smart metering 
system). 

Specifically excluded are services to the wider system (e.g. frequency response), charging vehicles 
away from home and distributed V2H services, because they are beyond the boundary of this Use Case 
and are covered by other Use Cases.  

This Use Case could become prevalent in the short term. Similar Use Cases are beginning to be 
used for privately owned static batteries. Many private vehicles will soon be electric, V2G technologies 
are in development, and variable tariffs are being rolled out. 

5.3.2 Use Case 2: Return to base fleets providing peer-to-peer services 

The primary stakeholder is a fleet manager of electric vehicles that all charge at a single base location. 
The vehicle and associated charging infrastructure has V2G enabled and there is an established peer-
to-peer platform available. 

The goal of the primary stakeholder is to maximise the value from the fleet through trading peer-to-
peer services, while not compromising its operational capability. Services are the import or export of 
power, and are being traded between multiple entities without the use of an intermediary. Also, there is 
potential to maximise the battery lives of the EV fleet.  

Impact on the power system for local trading (assuming cost-reflective price signals) should be to 
reduce upstream distribution and transmission flows although it is uncertain how much benefit to the 
power system there would be at times of system peak (winter weekday early evening) when vehicles 
might be returning to base with depleted batteries. For national trading, balancing may be supported, 
but local constraints may not be considered. There is limited influence from the system, so behaviour 
may not be joined up with the needs of the wider system. 

Specifically excluded are private wire or community services, which are covered under other Use 
Cases. Also excluded are other categories of services (e.g. power factor correction / harmonic reduction 
/ constraint management) as these services are more geographically restricted and therefore are not 
the ‘open’ peer-to-peer services, but a ‘bilateral agreement’ between parties.  

This Use Case could become prevalent long term. A significant barrier to implementation is the 
development of suitable peer-to-peer platforms and appropriate market structure. Furthermore, 
participation is strongly dependent on the potential benefits 
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5.3.3 Use Case 3: Shared use offering energy community services 

The primary stakeholder is a fleet manager of shared-use EVs that aims to use flexibility in charging 
to support energy communities (energy communities could be geographically-based, or distributed for 
example co-investing in renewable generation).   

The goal of the primary stakeholder is to maximise social and financial benefits by leveraging 
flexibility in charging (or discharging in V2G) based on the needs and benefits of the community, while 
not compromising the shared use offering. This could include optimising charging based on community 
generation, or providing services to a microgrid community, either connected to the wider system or 
islanded.  

Impact on the power system when serving a physical community should be to reduce upstream 
distribution and transmission flows, although local network flows within the bounds of a physical 
community will be determined by the location of the EV charging base station relative to demand centres 
within the community.  

Specifically excluded are aspects specific to a fleet of shared-use vehicles that return to a single base, 
as these are covered by the ‘return to base fleet’ Use Cases. Also discounted are services to the wider 
system, as this is included under separate Use Cases.  

This Use Case could become prevalent medium term. While V2G technology is still being 
developed, there are already many shared-use EV fleets and many energy communities exist. A 
suitable market structure will facilitate take-up of these services. 

5.3.4 Use Case 4: Distributed fleet offering ancillary services 

The primary stakeholder is a manager of a distributed fleet of EVs (the EVs do not return to a single 
location to charge, but may be charged at the domestic premises of the drivers, or through public 
charging infrastructure). The vehicle and associated charging infrastructure has V2G enabled. 

The goal of the primary stakeholder is to maximise the value of the fleet by being paid for ancillary 
services, while ensuring operational capability of the vehicles. The ancillary services may be to a 
national or local system operator and could be provided through an aggregator.  

Impact on the power system should be the benefit from services such as balancing (reserve and 
frequency response). There is also potential in delivering  network services, though the dispersed nature 
of the EVs means that this will need to be managed carefully, and the feasibility of proving services to 
the local distribution network such as constraint management may be limited due to the complexity of 
managing dispersed capacity and tariffs. 

Specifically excluded are services to energy communities, and services contracted by other entities 
via peer-to-peer trading, as these are covered by a separate Use Case.  

This Use Case could become prevalent long term. The V2G technology required is still being 
developed and would need to be installed in the distributed charging infrastructure of the fleet. 
Furthermore, complex metering solutions are required to ensure that services are metered and 
appropriate parties are remunerated. 

5.3.5 Use Case 5: Direct system control of domestic EV charging 

The primary stakeholder is a power system player who can take direct control of the charging (and 
potentially discharging for V2G) of domestic connected vehicles. There is the communications and 
optimisation technology available to manage system control of charging. 

The goal of the primary stakeholder is to release system benefits, such as balancing, voltage control, 
or constraint management, through the direct control of EV charging. The EV user may be obligated or 
is rewarded for relinquishing control to a specified level. The control may be over a short or mandated 
longer duration and could be offered by the user as a service. 

Impact on the power system should benefit from services such as balancing (reserve and dynamic 
frequency response) and potentially enhanced frequency response in case of a system event such as 
a major loss of infeed. The local distribution network might benefit from improved voltage regulation 
and/or thermal constraint management. However, as the impact may be felt at both a local and national 
level, these needs should be coordinated, as services to the wider and local system could otherwise be 
in conflict. 
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Specifically excluded is the case of the system switching off supply to the whole property as it impacts 
the whole domestic premises and is considered outside the scope of this Use Case. Also excluded are 
system services, where the service is offered and contracted on a case-by-case basis, as this is not 
considered direct control. This is covered by another Use Case.  

This Use Case could become prevalent medium term. There will be considerable social 
considerations and customer acceptability with this Use Case, and legal and regulatory aspects will 
need to be considered.  

5.3.6 Use Case 6: Flexible charging within a long journey  

The primary stakeholder is an EV user on a long journey. There is an established charging 
infrastructure on the route, such that there is flexibility as to the location and timing of charging. The 
user can access information to maximise value in flexibility of the location and time of charge. 

The goal of the primary stakeholder is to maximise convenience and value of charging decisions 
during a long journey. They are offered flexibility about which charging station to stop at out of those 
that allow the journey to be completed, and the optimisation would consider potential ancillary services 
or other cost factors, as well as convenience factors such as the time of day to have meals, or user 
preference of shops. This includes journeys when vehicles are autonomous and journeys disrupted by 
an incident.  

Impact on the power system - the ability of the wider power system to benefit from ancillary services 
will be minimal unless charging stations are equipped with energy storage which could provide 
additional flexibility. As these are point loads, the local network will be reinforced as necessary to 
manage the additional demand.. The impact on physical flows might be to move some EV charging 
demand away from evening to daytime (i.e. if EV users are confident on being able to top-up en-route). 

Specifically excluded are V2G services as it is assumed that vehicles on a long journey will not be 
available for V2G. Also excluded is flexibility services offered by static batteries associated with 
charging stations as this is a Use Case associated with the flexibility of the static battery rather than the 
EV charging, and therefore is out of scope.  

This Use Case could become prevalent medium term. The importance of this Use Case is increasing 
as the range of EVs increase. However, there are significant information/communication barriers to 
solve including data sharing.  

5.3.7 Use Case 7: Business premises controlled to connection limits  

The primary stakeholder is a business who provides EV charging to their employees. The premises 
has a connection to the wider power system which is constrained or managed to connection limits, and 
the potential peak of the site including all EV charging can exceed this limit. 

The goal of the primary stakeholder is to remain within the connection limits of their site while allowing 
employees to charge their EVs onsite. Charging and/or discharging may be scheduled to within 
connection limits.  

Impact on the power system is to limit the peak power impacts of the charging for the premises, 
enabling connection of EVs without the need to reinforce the local network. However, there is likely to 
be a higher load factor and hence possible reduction in diversity, particularly if the model was adopted 
widely, for example across an industrial estate. If adopted in central business districts with summer 
daytime peak demand, then a higher load factor and reduction in diversity might result in higher daytime 
peak demands. The overall national impact of increased EV charging at work should be to reduce EV 
charging demand at times of winter peak (weekday early evening) as there will be less need to recharge 
EVs at home. 

Specifically excluded are other system services or services to communities as this is covered under 
another Use Case. This Use Case focuses on privately owned vehicles charging at work, as opposed 
to a fleet owned and controlled by the business – this is a separate Use Case.  

This Use Case could become prevalent short term. Limited or managed connection are becoming 
more common and charging infrastructure is being installed into workplaces. Building energy 
management system are also common within business premises and this could be extended to manage 
charging infrastructure. 
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6 Conclusions 
This project has identified 40 Use Cases based on the topic leveraging flexibility in electric vehicle 
charging. Stakeholder input was used throughout the process, using an engaged stakeholder group 
with representation from power networks, automotive, academic, and consultancy sectors. This 
stakeholder input formed a vital part of identifying Use Cases, selecting the seven Use Cases to explore 
in more detail, and identifying the key detail for each Use Case.  

The aim of this work was to develop a set of detailed Use Cases that can be used in the wider FPSA3 
project to explore, test, and validate the working of the enabling frameworks concept. The success of 
this has been ensured by identifying Use Cases with the key theme of leveraging flexibility in charging 
in mind, and selecting the seven chosen Use Cases with the aim to cover the breadth of stakeholders, 
required functions, and timescales, while having significant points of overlap so that interactions 
between aspects can be tested.  

There are some overarching trends in the FPSA functions and barriers associated with the Use Cases, 
including:  

• Coverage of FPSA functions – the seven Use Cases explored in detail cover a wide range of 
FPSA functions between them. There are some key function groups that have a significant 
interaction with most or all the Use Cases, for example: 

o H: Develop market to support customer aspirations and new functionality – this 
group of functions is often an enabler to the Use Cases, including aspects such as 
providing flexible tariff and aligned financial incentives (H1), providing market 
mechanisms such as peer-to-peer and ancillary services (H4), providing the market 
structure and enabling customers to choose from a full range of options (H5, H6).  

o F: Monitor trends and scan for emerging risks/opportunities on the power 
system and implement appropriate responses – this group of functions has been 
identified as being impacted by the Use Cases, as they introduce new risks and 
opportunities that must be monitored and reacted to.   

o C: Form and share best view of state of system in each time scale – this group of 
functions has a strong interaction into many of the detailed Use Cases, particularly the 
real-time aspects of collecting and sharing information, and the need to monitor 
response and settle payments.  

Some functions were identified as important for some functions, and not for others. For 
example, function group E: Enable and execute necessary operator interventions is of 
particular importance is a key enabler for Use Case 5: Direct system control of domestic 
EV charging, but has little interaction with the other use cases. However, all functions will 
interact with other activities and requirements of the system.  

• Key barriers identified – there are a range of specific barriers that have been identified for 
each Use Case. These vary, but there are some key themes that can be drawn out, including: 

o Technical challenges to implementation – There is a significant requirement in data, 
communication, and cyber security in all functions. There may also be the need for 
technology that is not currently widely deployed, including V2G, islanding technologies, 
and energy management and optimisation technologies.  

o Standards – Limited appropriate industry standards e.g. lack of consumer data 
protection and cyber security standards for ‘beyond the meter’ automation. Islanding is 
not permitted under the present Distribution Code and distribution companies’ policies 
and practices. 

o Industry standards – there are no established standards for compatibility of EV 
charging controls and their interaction with the wider energy system. Standardisation 
of communication between the EV and charging infrastructure as well a standardised 
tariff. International travel adds another level of complexity 

o Commercial framework – Commercial models to accommodate consumer-led 
propositions are still at an early stage of development.  

o Market Structure – The existing market structure does not support innovative new 
products that participants may want to offer to consumers, including peer-to-peer or 
energy community approaches. Although smart meters are being rolled out, 
appropriate variable tariffs are not widely available.  
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o Accommodation of new parties – many Use Cases involve a new party becoming an 
important part of the power system, such as energy community managers, peer-to-
peer platforms, energy optimisation providers, and vehicle and charging infrastructure 
providers.  

The detailed discussion of use cases, particularly from the user perspective, can bring out the 
complexities in the alternative flows and stakeholder interactions. For example, what happens if the 
landscape changes unexpectedly, or the user needs to use the vehicle quickly? And what happens if 
an outside event has a significant and simultaneous impact on many vehicles – for example a 
communications failure? Thinking through these scenarios and alternative flows in more detail will 
reveal more functionality that is needed to satisfy a particular use case, beyond the surface 
requirements.  

A key aspect of the FPSA programme, and the Enabling Frameworks concept is the collaboration 
between key stakeholders of the wider power system. Therefore, the learning gathered from the 
stakeholder engagement activities in this project make up key learnings for the project. These include: 

• Mix of stakeholders – Effort was made to ensure that the stakeholder group had 
representation from power networks, automotive, customer and academic sides. The groups 
that was gathered included up to 20 participants.  

• Balance on input from stakeholders – In practice it is noted that the input from the power 
sector was more significant than that of the automotive sector. The reasons for this may be the 
gap in language and motivations of the groups. Therefore, a solution would be to carefully 
consider how to engage different stakeholders.  

• Method of engagement – the engagement methods used included face-to-face workshop, 
facilitated phone call discussions, and an opportunity for written responses. The input gathered 
during the open discussions was particularly valuable, and this was recorded and embedded 
into the work. There was a smaller response for the request for written comments, though the 
comments received were valuable, and it gave an opportunity for input to those who were 
unable to attend the calls or workshop. This discrepancy may be because stakeholders felt 
that they had provided all the input they wanted within the discussions.  

• Larger and more varied groups – the wider FPSA programme has a need to engage a larger 
and more varied group of stakeholders to ensure vital input. The methods by which this is done 
needs to be considered carefully to ensure participation by all relevant parties, and that all 
voices are heard.   
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7 Next Steps  
This project successfully defined seven detailed Use Cases, with the purpose that some or all of these 
will used to test the Enabling Frameworks process. The Enabling Frameworks process is being explored 
through other tasks within the FPSA3 bridging work which will be completed in late 2017. There is 
therefore an opportunity to develop and shape the Use Cases further to support their application for this 
use.  

The key aim of this further task could be to directly inform the activities of the Enabling Frameworks and 
Enablement Organisation by further exploring the areas of uncertainty and discussion that the Enabling 
Frameworks would need to cover. For example:  

• Policy gaps or clashes – Identification of gaps or clashes in existing procedures and 
standards that need solving for each Use Case.  

• New tools and platforms – Identification of the need for new commercial platforms, 
optimisation tools, or modelling capability.  

• Data requirements – Identification of the data required, the appropriate levels of security, how 
it will be communicated, if that data is measured today, and who owns that data, and who needs 
to have access to it.  

Other areas may be identified as required.  

There is also an opportunity to better prepare the use cases for use in testing the Enabling Frameworks, 
through identifying and exploring the next level of complexity, including investigating the detail of the 
alternative flows and the edge cases, for example where surrounding conditions change unexpectedly. 
This complexity will need to be addressed by the Enabling Frameworks process, and some preparation 
may support the testing process.    

Further activity is needed to keep the stakeholder group that this project has established informed, and 
where appropriate, give opportunity for input and collaboration. There may also be opportunity to grow 
that stakeholder group to a larger network, therefore giving the opportunity for further validation and 
sharing of the FPSA ideas.  

 

 

  



FPSA3 Bridging Use Case Development   |  21

 

   
Ricardo in Confidence Ref: Ricardo/ED62981/Issue Number 2 

Ricardo Energy & Environment 

Appendix 1: Notes and comments from the initial 
stakeholder call 

The initial stakeholder call was held on the 21st September 2017, aiming to gather initial comments from 
the Use Case identification and selection. This was also an opportunity for individuals who could not 
attend the workshop on the 25th September to contribute to the project.  

The attendees to this call were: 

• Dave Openshaw (FPSA Steering Group) 

• Kieran Coughlan and Jonathan Bassett (UK Power Networks) 

• Olivia Carpenter, Nathaniel Bottrell, Nik Hill and Thomas Nokes (Ricardo Energy and 
Environment) 

Material had been issued before the call including the initial Use Case identification.  

Items discussed included: 

• Focus of the Use Cases – the concept of Use Cases was discussed, and it was agreed that 
the focus of the Use Cases should be from the user perspective, though there is interest in the 
interface with the wider system. It was confirmed that the topic for the Use Cases is ‘leveraging 
flexibility of electric vehicle charging’, and therefore intentionally does not cover all the EV 
landscape.  

• Electric vehicles today – the issues of range anxiety and rarity of public charging were 
discussed, and it was confirmed that if we are talking about a future where EVs are the major 
vehicle technology, then these issues will have necessarily been solved.  

• Charging technologies – the impact that the speed of charging may have on a se case was 
identified, and it was agreed that these could be considered as alternative flows where they 
present a significantly different Use Case.  

• Combinations of Use Cases – a note explaining that combinations of Use Cases is possible 
was discussed, and it was agreed that considering Use Cases separately was a reasonable 
approach.  

• Approach to Use Case selection – two options for the approach of Use Cases selection were 
discussed. It was agreed that the selection should aim to select a breadth of Use Cases 
covering a range of situations, timescales, and opportunities.  

• ‘System services’ terminology – the initial Use Case identification included a leveraging 
mechanism called ‘system services’, and it was agreed that this was too wide, as the ‘system’ 
should be a broad term including communities and other parties. The intention here was to 
cover services to the system operator or DNO, therefore this was replaced with ‘ancillary 
services’ to mirror the terminology that is already familiar. Note that national Grid use ‘balancing 
services’ in their latest material, however, the services referred to in this document are wider 
than the National Grid services.  

• Stakeholder definition – It was noted that the roles of stakeholders should be considered 
carefully. For example, EV manufacturers are enablers, but they may also influence decisions 
to participate in services for example through leasing conditions or app capability. In this case, 
are the ‘aggregators’ (in the widest definition)? 

During the discussion, three areas for potential Use Cases was discussed: 

• Public charging with stationary batteries – charging associated with stationary batteries can 
be used to support peak charging loads, and provide flexibility and services to the wider system. 
NOTE:  while this is an interesting and potentially likely Use Case, it was later decided that the 
stationary battery services is distinct from EV flexibility, and out of scope of these Use Cases. 

• Public charging which is supporting energy community – while there were other public 
charging Use Cases, this Use Case had not yet been identified.  

• Distributed tariffs – the concept of distributed tariffs was disused, where a charging tariff or 
service agreement stays with a vehicle no matter where it is charging. This is particularly 
relevant for the fleet vehicle Use Cases, as there are multiple vehicles, that may be charged at 
various locations, but owned by a single fleet manager.   
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Appendix 2: Notes and comments from the 
stakeholder Use Case workshop 

The stakeholder workshop was held on the 25th September at the IET offices at Savoy Place, London. 
The attendees included:  

• Karl Anders (Nissan) 

• Iain Miller (Northern Power Grid) 

• Nick Storer (EA Technologies) 

• Robert Kinnaird (BEIS) 

• Neal Wade and Myriam Neaimeh (Newcastle University) 

• Phil Lawton, Dave Openshaw, Duncan Botting (FPSA Steering Group members) 

• Olivia Carpenter, Nathaniel Bottrell, Nik Hill and Thomas Nokes (Ricardo Energy and 
Environment) 

• Remote dial-in - Eric Brown and Gordon Graham (FPSA Steering Group members) 

Discussions around Use Case identification 

The attendees were introduced to the purpose of the project and the workshop itself. The Use Case 
identification methodology was described, and discussions were held about the completeness and 
relevant of the findings.  

Additional Use Cases were identified, including:  

• ‘Battery Swap-out’ was established as an additional topic area that added another Use 
Case. There was a general agreement that although battery swap-out is unlikely to play an 
important part of the future EV landscape, it was a sufficiently relevant technology for it to be 
considered. Stakeholders from Nissan and Newcastle University highlighted that the increasing 
speed of EV charging limits the appeal of battery swap-out, especially considering the cost and 
requirement for standardisation.  

• ‘Predictive route planning for charge optimisation’ was added as an additional Use Case 
after discussion about the large potential of flexible charging of fleets en-route. It was also 
decided to include catenary charging as well as wireless charging to the en-route fleet charging 
Use Cases.  

Other discussion points within this part of the workshop included:  

• The high-level Use Cases cover the breadth, but it is the next level down which has the 
interesting discussion, opportunities and challenges.  

o Within each user category, there are a whole range of behaviours. A retired person 
behaves differently to a young family, to a commuter… 

o Behavioural differences between hybrid and pure EV users. 

o Multi-vehicle households – how does this impact flexibility? 

o Vehicle ownership is reducing – a generational thing – more likely to car share.  

• Other low carbon vehicle technologies – Hydrogen and biofuels – are off-topic, but will 
impact the use of EVs, and may have other impacts on the wider power system.  

o Plastic pipes at petrol stations now able to support hydrogen – oil/gas industry will be 
looking at new ways to make money on petrol station forecourts. 

• Battery swap-out is not being pursued as much as plug-in charging, and is therefore 
considered unlikely to be an important part of the future landscape.  

o With very fast charging – hundreds of miles from a 5-minute charge), the speed of 
charging advantages of swap-out is limited. Also, it is likely to be high cost, and the 
standardisation of the components across manufacturers is problematic.  

o If it is going to work for anyone, it is black cabs in London – vehicles are shared, so 
that they swap out, and the vehicle keeps going, and therefore time is a real issue.  

• When there is no private parking in the home, then it is assumed that the Use Cases 
covering work and public parking are used.  
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• Distributed tariffs are interesting, and potentially a likely direction. Thought needs to be made 
about international visitors.  

Discussions around Use Case selection 

The selection of the Use Cases for further detailed investigation was discussed, and several changes 
made to that selection throughout the day.  

 

The original selection included:  The selection agree on was:  

Providing battery services to the home Providing battery services to the home 

Shared use offering energy community services Shared use offering energy community services 

Flexible charging within a long journey Flexible charging within a long journey 

Flexibility with business ToU Tariff Business premises controlled to connection limits, 

Fleets providing peer-to-peer services  Fleets providing peer-to-peer services  

En-route fleet offering system services Distributed fleet offering ancillary services.  

 Direct system control of domestic EV charging 

These changes were the result of in-depth discussions on the relative likelihood the Use Cases, the 
challenges they presented and ensuring a representative range was maintained. It was agreed that 
distributed fleets presented a more likely EV group than en-route fleets to provide significant ancillary 
services.  

Furthermore, control to connection limits and direct system control were seen as important leveraging 
mechanisms that should not be ignored. Control to connection limits is important because it enables 
more EV infrastructure to connect to the local network without requiring reinforcement. Direct system 
control is controversial topic but presents very interesting technical and social challenges that should 
be considered.  

Flexible charging with business TOU tariffs was replaced as stakeholders noted that these tariffs have 
a chequered history with limited impact on usage patterns. Furthermore, variable tariffs are included in 
several other Use Cases such as ‘providing battery services to the home’ 

Discussions around Use Case detail 

The workshop attendees were then asked to consider the detail of each Use Case. They were issued 
with hand-outs for them to populate (see end of this appendix), and then provide feedback on general 
themes. The discussion points included: 

• Battery for home –  

o V2G can enhance the life of the battery.  

o low rate charging encourages people to connect all the time the vehicle is parked.  

• Long Journey –  

o Questions about if there is a good Use Case, but it is worth exploring the Use Case 
around flexibility in the location and time of charge within the parameters of being able 
to complete the journey conveniently and within the user parameters.  

o May include ‘booking in’ for charge 

• Business TOU –  

o these tariffs have a chequered history, as they have historically had limited impact on 
usage patterns. 

• Business connection limits –  

o this is the most likely flexibility driven by the DNO to businesses.  

• Public charging –  

o Car parks are a special case, as they will have a large concentration of vehicles and 
therefore could have a significant impact and opportunity on the grid. This would be an 
alternative flow on the appropriate public charging Use Cases.  
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• Shared vehicle –  

o the location of charge is important – there are different considerations if there is a single 
charge base, compared with dispersed public charging. Also, there is a difference 
between charging geographically within an energy community compared with being 
distant.  

o probably more heavily utilised than a privately-owned vehicle – this may impact 
flexibility. Also, likely to be charged faster.  

o a booking system can be used to optimise service offerings while ensuring that the 
vehicles can meet their primary purpose as shared use vehicles.  

• Ancillary services –  

o not necessarily likely with en-route fleets. More likely to be interesting with connected 
parked vehicles.  

• Direct system control –  

o while this is controversial, it is most likely in private charging situations such as the 
domestic premises.  

o Note: My Electric Avenue included aspects of direct control.  

Discussions around barriers to Use Case implementation  

The final discussions were about the barriers to the Use Cases. Themes and discussion points included: 

• Standards 

o Speed of changes to standards – it takes too long to implement change.  

o The range of specific and tailored standards –restrictive to change. 

• A distributed tariff, possibly enabled by metering in car with MPAN 

• The need to share information / Data 

• Roll-out of charging infrastructure 

o It is not known how many is needed and where, and how do we ensure that they are 
installed everywhere they are needed? 

o It is not clear who is going to fund it - is it going to be privately developed on the back 
of a business case, and therefore there is risk that remote areas are not adequately 
served, or is it developed by a regulated monopoly? Or will charging station be 
considered as part of the road infrastructure be funded through tax? 

• International compatibility 

o It is important to consider how much of the scope we can control for the UK, and what 
aspects need to reflect and react to what is happening internationally.  

Workshop hand-outs 

Hand-outs from the workshop have been transcribed in the images below. The attendees were divided 
into two teams, and both teams considered the detail of the first Use Case. Here, the groups were given 
populated fields to work from, and the suggested additions and edits are highlighted:  
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The teams were then assigned a few Use Cases each, and asked to populated blank detail sheets. 
Here, all content comes from suggestions from attendees. Due to time constraints, some boxes were 
left blank within the meeting.  
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Appendix 3: Notes and comments from the 
stakeholder Use Case review call 

The Use Case review call was held on the 4th October between 14:00 and 16:00. The attendees 
included:  

• Iain Miller (Northern Power Grid) 

• Laura Brown (Newcastle University) 

• Phil Lawton (Energy Systems Catapult) 

• Dave Openshaw and Duncan Botting (FPSA) 

• Martin Holms (Energy Systems Catapult) 

• Olivia Carpenter, Nathaniel Bottrell, Nik Hill and Thomas Nokes (Ricardo Energy and 
Environment) 

Material was sent before the call, including the Use Case detail that was developed from the work to 
date, with direct input from stakeholders at the workshop. The call included a facilitated discussion of 
each of the seven selected Use Cases in turn. The notes from these discussions are included below. 
The points raised fed back into the Use Case detail work which is reported in this document.  

Use Case 1: Providing battery services to the home 

General Comments 
• Potential for perverse incentives for those who have low cost day charging, who will be 

transporting power home 

• There is a key difference between arbitrage of local power generation, and of variable tariffs.  

• The amount of information and complexity that is being exposed to customers must be 
considered. Ofgem want to go down to 4 tariff options per supplier, so how does this sit? 

• When being used as a backup power supply, it is simplest to ensure that supply is only to the 
home. Wider supply, for example to a fault-free local network is possible, but more complex.   

How likely is this? 
• Consensus that this is likely to be a common Use Case, and it is almost happening now. People 

are already doing this, not necessarily based on supporting external system, but about lifestyle.  

• OLIF £20m pot is being used for demonstration, as the technology is already ready. So, the 
gaps are more about developing the Use Case – for infrastructure developer, aggregator, and 
the system.  

Wider impact on the system  
• Quite helpful, assuming the tariffs are set to be widely helpful. However, the tariff may be 

dictated by generation levels, which may give rise to local issues. The overall impact would be 
to reduce the energy flow through the meter.  

• Duncan – what is the thinking about a larger population of homes acting in this way – could 
synchronised behaviour impact the system?  

Use Case 2: Return to base fleets providing peer-to-peer services 

Timing 
• General agreement on long term. Key barriers are market structure and commercial framework.  

• 4p to export in 14 to import -  this is a commercial barrier, as there is a dead band between the 
two. This is an issue that will need sorting no matter what.  

• There are some big players in this Use Case who could make this a shorter-term prospect, but 
it feels less imminent than Use Case 1.  

Benefits of peer to peer 
• The benefits of peer-to-peer above trading on a price-reflective system are not clear.  

• Potentially about local balancing and local capacity.  

Wider impact on the system 
• At a national scale, it should help to flatten the load curve.  
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• This could develop very quickly, or it could be shunned completely because it doesn’t fit the 
stakeholder view of the future.  

• Times to offer the service may be restricted by the routine of the fleets.  

Use Case 3: Shared use offering energy community services 

General 
• The vehicles are likely to be heavily used, so will the services to be offered be restricted?   

• Timing and availability will depend on the type of shared fleet.  

• It may depend on the type of community, about whether this is a commercial/economic driver, 
or one about a green community.  

How common do we think this Use Case is going to be? 
• This is about how the drivers for wider community and social benefits competes with the 

financial profit-focused alternatives.  

• Where is the money – assume there is more money in transporting people than providing 
battery services.  

• However, we should be careful about assuming that people are driven only by profit.  

Wider impact on the system 
• For the energy community, this is a positive impact, but the impact is not significant, as take-

up may be minimal.  

Use Case 4: Distributed fleet offering ancillary services 

General 
• The key barrier is that this is contractually complex – charging and discharging through home 

meters or public charging, while the agreements of tariffs are controlled elsewhere.  

• A possible solution is to have metering within the vehicle. The vehicle manufacturer could sell 
energy (or distance) with the car. This could be possible with a small amount of intelligence in 
the charge point, which recognised when a metered vehicle is connected.  

• Parallel solutions are needed for paying for charging at the charge point. For example, DC 
connections that are ‘dumb’ for motorway or international travel fast charging. Or there could 
be an adapter that we use to charge abroad, like we do with the sockets 

• Note, often electricity people like these sorts of ideas, but automotive people are not excited by 
it. We would have to get them all bought in. There also needs to be consideration about what 
complexity the customer sees in the service offering.  

• An approach is to let the market decide before any standard is formed. The risk with that is that 
a number will work in parallel making the service offering to customers more complex. There 
should be thought about if this is acceptable, and a part of healthy markets, or should be 
prevented.  

• Additional barrier: Standardisation of communication between the EV and charging 
infrastructure as well a standardised tariff – International travel adds another level of complexity.  

Timing 
• General agreement that this is something that may be available in the long term, but is not an 

imminent Use Case.  

Likely frequency 
• Some maintain that this Use Case will become common, but a long way out, while other feel 

that it is more of a leap of faith 

• This may depend on the balance of benefits to the fleet manager or aggregator.  

Wider impact on the system 
• Likely to have a positive impact, particularly if the differing needs of local and national system 

levels are managed.  

Use Case 5: Direct system control of domestic EV charging 

General 
• This used to be common practice with hot water tanks – could turn hot water tanks on or off. 

Controlled by LW radio or a restrictive hours tariff. But could be more difficult to sell this in 
today’s more informed and liberalised society.  
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• A selling point is that this prevents the need for system upgrades, and therefore saves money.  

• We need to roll this out now to be able to use it effectively when it is needed, but the costs have 
not really hit yet.  

• Note that currently, we have a general approach to paying for system upgrades, which is based 
on charging the party who brings about the need for the upgrade. This philosophy is against 
that, in that the inconvenience is socialised.  

• There are elements of direct control in the My Electric Avenue project. However, these are 
willing and self-selecting participants, and therefore not necessarily representative of the wider 
population in their attitude and acceptance of these terms.  

• There may be a generational divide in the acceptance of these terms. Younger people (in their 
teens, 20s and 30s) are more likely to be comfortable sharing data and expecting to buy 
services rather than physical items.  

• This could be a short-term control, for minutes at a time, to prevent system events. The 
acceptability of this may be better.   

• Would making this a paid service suggest that it is voluntary? If the system relies on it for its 
stability, then perhaps it should just be mandatory.  

Timing 
• General agreement that this may become prevalent in the short to medium term.  

Wider impact on the system 

• There should be a positive, stabilising impact on the wider system. 

Use Case 6: Flexible charging within a long journey 

General 
• International journeys should be included, where vehicles travel to the UK from other areas.  

• There will mainly be fast chargers available on long journeys and possible network constraints 
will be designed out.  

• There is potential of other Use Cases which focus on the owner/operator of a charging station 
infrastructure, who may have stationary batteries to handle peak loads and provide grid 
services.  

• It is likely that the key enablers for this Use Case will be outside of the traditional power sector, 
and may not even be in the automotive. For example, it is likely that Google will do this before 
the power system will catch up.  

Wider impact on the system 
• This Use Case has the potential to provide some benefits, particularly as journeys are likely to 

span different areas of constraints or system situations. However, mass charging stations are 
likely to have dedicated, unconstrained connections, so the applicability may be limited.  

Use Case 7: Business premises controlled to connection limits 

General 
• The thinking behind the control is very similar to Use Case 1 – it is about limiting power through 

the meter, this time limited to a particular constraint.  

Wider impact on the system 
• The impact of this Use Case will be generally positive – constraints are not exceeded.  

• There is a potential benefit for enabling charging at work, as there could be a shift away from 
charging at the peak evening.  
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Appendix 4: Results of the Stakeholder Review 
The stakeholders were given the opportunity to make written comments on the draft of the Use Case 
details. The material was released on the 3rd October 2017, and the deadline for comments was the 9th 
October. The stakeholder review call formed part of this review process, and many of the stakeholder 
group was included in the review list.  

Four stakeholders responded to the request to review with further points. These are summarised below: 

• A high-level next step could be to capture the valuable thinking from this project, and use it to 
inform EF and EO activities. This might include gaps or conflicts in policy, regulation and standards. 

• Unhelpful competitive behaviours running ahead of standardisation would result in needless 
costs and inconvenience to customers. It would be useful to anticipate where there is risk of this 
happening. 

• Data and cyber security needs to be included in the Use Case detail 

• The impact of each Use Case on the wider power system is an important consideration that 
needs to be included.  

• Automation of home “islanding” required as power supply to home during power cut is not 
allowed under current Distribution Code and distribution industry policies and practices. This is a 
barrier that need to be added to Use Case 1.  

• It is unlikely that the DSO would take direct control of chargers. They are more likely to 
purchase “mandated” over-ride of other services provided through the smart charger or V2G 
capability in the home. 

• There are some assumptions and pre-conditions that all the Use Cases are based on: 

- Checking real time network reconfiguration to see if the constraint can be otherwise 
relieved. 

- Checking whether static storage and/or commercial DSR have been activated. 

- Checking if renewable generation is available below the constraint to avoid the constraint. 

Out of the four stakeholders to respond to supply a written response, 3 were members of the FPSA 
Steering Group, and only one was from a stakeholder external to the project. This was therefore the 
least successful method of gathering feedback from that wider stakeholder group audience.  

There could be many reasons for this, for example, there was a limited and comparatively short window 
in which to respond with comments, which was driven by the timescales of the project, and more time 
may have allowed more comment. Alternatively, it could have been that after the very valuable 
discussions in the workshop and call, the stakeholders may have felt that their contributions had already 
been made.  

It should be notes that though there were relatively few responses, the comments were valuable, and 
it enabled stakeholders who were unable to join the call and workshop discussions to review the works 
and make comments.  
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Appendix 5: Full detailed Use Cases 

Use Case 1: Providing battery services to the home 

 

Description  

This Use Case considers the situation when the battery of an EV is used to provide battery services to a 
home, for example, to leverage changing cost of power supply, or to provide emergency back-up. 

User Scenario 

The EV user wants to maximise benefit of flexibility in the charging and discharging of the vehicle battery 
while connected to the domestic premises, and have a back-up supply of power in the event of a power 
cut. 

Stakeholders 

Primary Stakeholder – EV user 
Other stakeholders:  

• Home technology providers (key influencer/enabler) 

• EV and charging system provider (enabler) 

• Commercial Operators (key influencer) 

• Power system players (no direct influence, but feels the impact) 

• Regulators (supporter/enabler) 

• Local/national/continental governments (supporter) 

Scope 

The scope of the system: 

• EV that has private use by the user 

• Charging and discharging technology dedicated to the domestic premises 

• Optimisation technology which can take in external information and optimise the 
charge/discharge schedule 

• Data and cyber security for the interface of how the user selects the services / communication 
between the optimiser and EV 

• Wider power supply system such as regional power network 
Items included in the scope for specific alternative flows includes smart meters, microgeneration 
technology, and islanding technology.  
The boundaries of the system: 

• The EV and domestic premises, with import and export from or to the wider power system. The 
user has full control of the settings of the charging and discharging. 

The relative frequency of the Use Case: 

• Common - Most private vehicles will be electric, and variable tariffs will be common.  

• For each user, aspects will be used often (variable Tariffs or generation where present). Back 
up supplies will be needed less commonly unless there is significant change in system operation 
approach   

Conditions 

What must be true before the Use Case runs? 

• The domestic user must have control of an EV and have an EV charger installed at the home, 
both of which must have charge and / or a discharge functionality. 

• There must be a variable price of electricity, for example, driven by local generation or by a 
variable tariff (likely to be enabled by a smart meter). 

• Careful management of tariff changes to avoid large power swings on network. 

• There is an information flow, decision maker and controller, capable of taking in pricing 
information, optimising and carrying out decisions. This could be the user themselves but there 
is significant potential for automation. 

• Charging in multi-vehicle households must be considered – if there is a charge / discharge limit, 
then this will need to be managed.  

Preconditions that are specific to alternative flows includes access to variable tariffs, microgeneration, 
and islanding technology. 
What must be true after the Use Case runs? 

• The user utilises the energy stored in the battery - Either in the home or in the vehicle. 
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• Degradation of the battery is minimised by controlling the charging / discharging cycle (it is 
possible that battery life can be maximised by these services).  

• The economic benefits from V2G outweigh any power losses incurred through the charge / 
discharge cycle, and any reduction in the battery life. This could include the cost of improving 
reliability through power cut back-up.  

Postconditions that are specific to alternative flows include: maximising the benefits of the variable tariffs 
or microgeneration, or a continued power supply. 

Basic Flow 

 

Alternative Flows 

The alternative flows considered are listed below: 

• Variable Tariff – where the EV is used to leverage benefits from a variable tariff.  

• Home Generation – where the EV is used to maximise the use of electricity generated at the 
home (for example solar panels)  

• Power Cut – where the EV is used as a back-up power supply when there is a system power 
cut, either planned and controlled by system players, or unplanned.  

• Power Cut with Home Generation – where the EV and home generation is used as a back-up 
power supply when there is a power cut.  

Alternative flows NOT included 

• Charging only – optimising time of charge to variable cost of power is included in another Use 
Case.  

• Services to the wider system – for example, frequency response or aggregator system services. 
These are beyond the boundary of this Use Case. This includes frequency transducers – even 
though the equipment can be contained within the home, the motivations for them are outward.  

• Charging personal vehicles away from home – for example, charging personal vehicles on public 
charging infrastructure or at work. These are beyond the boundary for the Use Case, and 
therefore covered by  

• Combined flows – the Use Cases and alternative flows are highly interactive, and can often 
operate in parallel or sequentially. For simplicity, these combined flows have not been specifically 
mapped out here.  

• Distributed V2H services – where the vehicle is providing services to the home when connected 
to public or other charging infrastructure. It is assumed that this is included in other Use Cases. 
This Use Case is limited to charging on the domestic premises. 

 

Relationship to Other Use Cases 

There is interaction with all other domestic Use Cases as this Use Case can be delivered alongside some 
and competes with others 

Timing 

This Use Case should be considered as becoming prevalent in the short term.  
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• The battery technology that is required already exists, demonstrated by the availability of the 
Tesla Powerwall1 and Nissan Storage2 products.  

• There is a large existing market of 1.5 million homes with solar panels that is expected to rise to 
10 million by 2030. 

• Variable tariffs should be widely available soon with the mass rollout of smart meters expected 
by 2020.  

• Although bidirectional charge/discharge technology is not mature, there are already some 
vehicles with this capability.  

FPSA Functions that are key to enabling the Use Case 

This Use Case is about individual customer empowerment, and enabling customers to make decisions 
based on their own technology and situation. Relevant functions include: 
H5 – Provide a market structure that enables customers to have choices within the power system. 
H6 – Enable customers to choose from a full range of market options which determine how they interact 
within the power system including individual, community and smart city services. 
Variable Tariff Alternate Flow: 
H1 – Provide aligned financial incentives across the power sector (e.g. innovative or flexible tariffs) 
encompassing power, energy and ancillary services which provide appropriate signals to users and do 
not distort competition while considering their impact on customers. 
H2 – Enable settlement for all existing customer profile classes to support flexible tariffs, e.g. half-hourly 
using smart or advanced meters. 

FPSA Functions directly impacted by the Use Case 

This Use Case has customers making autonomous decisions, perhaps driven by optimisation 
technology, brining both opportunity and risk.  
F1 – Enable the Power Sector to manage necessary changes across the sector when faced with new 
developments or changes to its objectives and operating environment. 
F2 – Identify, counter and learn from threats to operability of the power system from all parts of the power 
sector both above and beyond 
the meter. 
F3 – Monitor the impact of customer behavioural changes on system operability and propose solutions 
to resulting operability issues as necessary. 
F4 – Identify and protect, on an ongoing basis, against cyber security threats to the operability of the 
power system which originate from inside and outside the power sector. Detect and respond to existing, 
new and unforeseen cyber security incidents promptly as required. 
Power Cut Alternative Flows: 
G1 – Plan for the timely restoration of supplies following a pro-longed local failure (Cold Start). 
G2 – Provide the ability to move between different modes of overall operation in the event or threat of a 
system emergency. 
G3 – Plan for the timely restoration of supplies following a total or partial shutdown (Black Start). 

Key Barriers to Implementation (taken from FPSA2 WP3 report) 

System functional limitations – for example, islanding, V2G, variable tariffs.  
Technical challenges to implementation – some technology is needed that is not widely deployed, 
including V2G, islanding technologies, optimisation. Communications within and to the property is vital. 
Automation of home islanding is required which maintains voltage and frequency limits in island mode. 
Standards – Limited industry standards e.g. lack of consumer data protection and cyber security 
standards for ‘beyond the meter’ automation. Islanding is not permitted under the present Distribution 
Code and distribution companies’ policies and practices. 
Market Structure – The existing market structure does not support innovative new products that 
participants may want to offer to consumers Although smart meters are being rolled out, appropriate 
variable tariffs are not widely available. 
Strength of business case – Price signals need to be strong enough (especially given the ~70% round 
trip battery efficiency) and potential cost implications of reducing battery life 
Accommodation of customers – Customers have diverse needs and there may be difficulty in engaging 
with certain segments. 
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Use Case 2: Return to base fleets providing peer-to-peer 
services   

 

Description 

In this Use Case, a fleet of electric vehicles, managed by a single party and which all charge at a single 
base location, is used to provide peer-to-peer services to parties outside of the fleet.  

User Scenario 

The fleet manager wants to maximise the value from the fleet while charging, while not compromising its 
operational capability. Also, there is potential to maximise the battery lives.  

Stakeholders 

Primary Stakeholder:  
o Fleet Manager 

Other stakeholders:  
o EV User (decision maker) 
o Peer party (decision maker) 
o Peer-to-peer platform / service (enabler) 
o EV and charging system providers (enabler) 
o Power system players (enabler / impact) 
o Regulators (supporter/enabler) 
o Local/national/continental governments (supporter) 

Note: Energy communities have not been explicitly included but could be the other peer party. 

Scope 

The scope of the system: 
o EVs within a ‘return to base’ fleet 
o A peer-to-peer platform 
o Robust data and cyber security for the peer-to-peer platform 
o Charging and discharging infrastructure 
o Wider power supply system such as regional power network 
o Peer equipment (loads, generation, and storage) 

The boundaries of the system: 
The fleet base (where they return to charge), peers offering and requiring services, and the networks 
that connect them.   
The relative frequency of the Use Case: 

o If peer-to-peer is fully implemented, then any party can take part. Electric vehicles have potential 
as a provider or recipient of services, and this Use Case considers a portfolio of vehicles being 
charged at one location.  

o Participation will be dependent on the potential benefits and advantages. 

Conditions 

What must be true before the Use Case runs? 
o Capability to charge/discharge must be available in vehicles and charging infrastructure.  
o A peer-to-peer platform must be established to manage and make available information and 

interactions on service availability, price, responses, actions, and payment.  
o Communications for all required information must be established and reliable.   
o Functionality to aggregate fleets if required 
o Any constraints on the LV network solved either by other DNO solutions or the peer-to-peer 

services 
What must be true after the Use Case runs? 

o The fleet manager has increased value of fleet while charging at base 
o The vehicle battery lives have not been reduced and may have been improved 
o The fleet has sufficient charge when required for next journey 
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Basic Flow 

 

Alternative Flows 

The alternative flows considered are listed below: 
o Local peer-to-peer management – where peer-to-peer is used as a local service, and therefore 

can be limited to local distribution network. Multiple platforms may be used, and services may 
be provided to and from multiple participants.  

o National peer-to-peer management – where services are offered nationally, and therefore use 
the national scale networks. Multiple platforms may be used, and services may be provided to 
and from multiple participants.  

These flows assume the service being offered is about leveraging variable cost of electricity, either from 
market price of power, or from local generation sources.  
Alternative flows NOT included 

o Private wire or community services – Peer-to-peer services offered over private wire or 
community are covered under other Use Cases.  

o Other service offerings (e.g. PF correction / harmonics / UPS / constrain management) – These 
services are much more geographically restricted, usually to within a few buildings or possibly 
streets, and are therefore not the ‘open’ peer-to-peer services, but more likely to be private 
agreements between individuals rather than an open bidding system.  

Relationship to Other Use Cases 

This Use Case may compete/run alongside the other Use Cases involving return to base fleets.  
The technology for this Use Case compliments the technology required for all other peer-to-peer service 
Use Cases 

Timing 

The key development to enable this Use Case is the market structure to allow peer-to-peer trading, and 
the associated platforms. This is a significant change from today’s system operation. Therefore, this is 
assumed to be a longer-term Use Case.  
There has been some comment from Ofgem that this is a possibility, and that it could replace the need 
for traditional supply companies to be involved in such cases. Principles of residual network charging 
would need to be agreed by Ofgem. 

FPSA Functions that are key to enabling the Use Case 

This Use Case focuses on peer to peer trading, which requires an appropriate market structure, and 
adequate communications (key functions in bold) 
Relevant functions include: 
C2 – Collate and distribute information throughout the power sector on the availability and performance 
of the generation, other energy resources and ancillary services, and any associated operational 
restrictions. 
C6 – Collate and distribute information throughout the power sector on the performance of demand, 
generation, other energy resources and ancillary services in order to enable settlement. 
C7 – Monitor and settle the delivery of contracted demand, generation, other energy resources and 
ancillary services. 
H4 – Provide market mechanisms e.g. peer-to-peer trading, to allow all customers to access the value 
realised by their actions. 
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H5 – Provide a market structure that enables customers to have choices within the power system. 
H6 – Enable customers to choose from a full range of market options which determine how they interact 
within the power system including individual, community and smart city services. 

FPSA Functions directly impacted by the Use Case 

This Use Case has customers making autonomous decisions, perhaps driven by optimisation 
technology, brining both opportunity and risk.  
F1 – Enable the Power Sector to manage necessary changes across the sector when faced with new 
developments or changes to its objectives and operating environment. 
F2 – Identify, counter and learn from threats to operability of the power system from all parts of the power 
sector both above and beyond 
the meter. 
F3 – Monitor the impact of customer behavioural changes on system operability and propose solutions 
to resulting operability issues as necessary. 
F4 – Identify and protect, on an ongoing basis, against cyber security threats to the operability of the 
power system which originate from inside and outside the power sector. Detect and respond to existing, 
new and unforeseen cyber security incidents promptly as required. 

Key Barriers to Implementation (taken from FPSA2 WP3 report) 

o Technical challenges to implementation – the Use Case requires the gathering, processing, and 
sharing of large amounts of data in real time, with real financial impacts on the customer and 
operational impact on the system. Therefore, the comms and platform must be robust.  

o Standards – Lack of appropriate industry standards on data and cyber security for monitoring 
and data management systems. 

o Regulatory framework / Industry code governance – Existing regulation and codes are an 
obstacle to consumer-led propositions and business models. Network residual charging 
principles yet to be determined (see Ofgem Targeted Charging Review) 

o Commercial framework – Commercial models to accommodate consumer-led propositions are 
still at an early stage of development.  

o Market Structure – The existing market structure does not support peer-to-peer outside of 
licenced parties or private networks. There needs to be another peer to trade with the fleet. A 
possible peer could include an energy community which buys energy from a fleet of EVs back 
at base filling-in for reducing solar PV output during late pm / early evening 

o Accommodation of new parties – development and management of peer-to-peer platforms 
become a critical new stakeholder, and all customers participating become an active part of the 
system as well. 
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Use Case 3: Shared use offering energy community services 

 

Description 

This Use Case considers a fleet of shared use EVs providing energy services to a local energy 
community when the vehicles are not in use.  

User Scenario 

The fleet manager wants to maximise social and financial benefits by leveraging flexibility in charging (or 
discharging in V2G) based on the needs and benefits of the community, while not compromising the 
shared use offering.  

Stakeholders 

Primary Stakeholder:  
o Fleet Manager 

Other stakeholders:  
o EV User (influencer) 
o Local Community (key influencer) 
o Shared vehicle optimisation platform and booking service (enabler) 
o Owner / operator of charging infrastructure (enabler) 
o EV and charging system providers (enabler) 
o Power system players (enabler / impact) 
o Regulators (supporter/enabler) 
o Local/national/continental governments (supporter) 

Scope 

The scope of the system: 
o EVs within a ‘shared use’ fleet 
o The energy community, for example, shared ownership generation scheme, or a local 

community with generation and storage aiming to be self-sufficient.  
o Charging infrastructure  
o Shared vehicle booking system – could include, for example, location and distance needed. 
o Data and cyber security for the booking system 
o Wider power supply system such as regional power network 

The boundaries of the system: 
The shared use fleet, relevant charging infrastructure, the energy community equipment, and any power 
system networks that connect them.   
The relative frequency of the Use Case: 

o Where an energy community is present and active, and electric vehicles are offering services, 
this could be adopted as an every-day occurrence.  

o Energy communities are becoming more frequent, and the offering and take-up of these services 
could be enabled by a suitable market structure. Therefore, this could be a relatively common 
Use Case.  

Conditions 

What must be true before the Use Case runs? 
o There must be a number of parked cars from the fleet connected to charging points - the fleet 

must not have 100% utilisation.  
o Cars must be connected to a charger when parked.  
o There must be an appropriate metering solutions 
o There must be a value to the energy community (e.g. supplementing evening demand when 

community solar PV output is reduced) 
o Network constraints are not able to be solved by other DSO solutions or the DSO solutions are 

able to compete in a market with the shared use offering. 
What must be true after the Use Case runs? 

o The fleet manager has maximised social benefit and cost reduction of fleet 
o The EVs have charge for the next (booked in advance) journey 
o The vehicle battery lives have not been reduced and may have been improved 

Basic Flow 
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Alternative Flows 

The alternative flows considered are listed below: 
o EV charging optimised based on availability of local generation – vehicles charging is optimised 

to use excess local generation so that the benefits of the local generation can remain local, and 
so that the vehicles re no using alternative sources at a high financial and carbon cost.  

o V2G EV used to support a local microgrid – vehicles can charge when there is excess 
generation, and discharge when the generation is not enough to cover load. This helps the 
microgrid become self-sufficient. Note, it is assumed that the vehicles are connected to the 
microgrid network.  

o V2G EV used to support an Islanded microgrid – Vehicles become a part of a managed and 
balanced islanded grid, providing services such as balancing and voltage control. This helps the 
microgrid remain live and connected. This may be needed in a national black-out condition, or 
may be a voluntary action to ensure self-sufficiency. Note, it is assumed that the vehicles are 
connected to the microgrid network.  

Not included as a separate alternate flow: 
o Return to base shared vehicles – aspects specific to a fleet of shared vehicles which are returned 

to a single base to charge are not included here, as these aspects are covered by the ‘return to 
base fleet’ Use Cases.  

Relationship to Other Use Cases 

The technology required compliments the technology in peer-to-peer and ancillary Use Cases (platform 
& V2G) 
This Use Case competes with all shared vehicle fleet Use Cases.  
The other ‘fleet offering energy community services’ Use Cases are very similar 

Timing 

This Use Case should be considered as becoming prevalent in the medium term  
The V2G technology required is still being developed 
This Use Case is applicable to many different community groups – it offers a strong business case 

FPSA Functions that are key to enabling the Use Case 

This Use Case focuses on energy communities and the ability for them to request services from other 
parties. Therefore, there is a key need to develop the market mechanisms and financial incentives for 
this. (key functions in bold) 
Relevant functions include: 
H1 – Provide aligned financial incentives across the power sector (e.g. innovative or flexible tariffs) 
encompassing power, energy and ancillary 
services which provide appropriate signals to users and do not distort competition while considering their 
impact on customers. 
H4 – Provide market mechanisms e.g. peer-to-peer trading, to allow all customers to access the value 
realised by their actions. 
H5 – Provide a market structure that enables customers to have choices within the power system. 
H6 – Enable customers to choose from a full range of market options which determine how they interact 
within the power system including individual, community and smart city services. 
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FPSA Functions directly impacted by the Use Case 

This Use Case focuses on an energy community, which is itself is a system being operated to its own 
aims. The impact of the EV contributions come alongside the other considerations of that community.  
B2 – Provide mechanisms by which planning can be co-ordinated between all appropriate parties 
(potentially including cross-border, cross-vector, and intra-power system operational interactions) to 
drive optimisation, with assigned responsibility for security of supply. 
B4 – Enable the delivery of demand control, generation constraint, co-ordination with other system 
operators (potentially including cross-border, cross-vector, and intra-power system operational 
interactions) and other actions in response to all system incidents. 
C2 – Collate and distribute information throughout the power sector on the availability and performance 
of the generation, other energy resources and ancillary services, and any associated operational 
restrictions. 
C5 – Identify available generation, other dispatchable energy resources and ancillary services and 
associated operational restrictions in real time. 
E6 – Co-ordinate demand, generation, other energy resources and ancillary services within the power 
system to deliver system security and maximise the use of low carbon generation at optimal overall cost. 
All F functions – Monitor trends and scan for emerging risks/ opportunities on the power system and 
implement appropriate responses. 

Key Barriers to Implementation (taken from FPSA2 WP3 report) 

o Technical challenges to implementation – the Use Case requires the gathering, processing, and 
sharing of large amounts of data in real time, with real financial impacts on the customer and 
operational impact on the system. Therefore, the comms and platform must be robust.  

o Regulatory framework / Industry code governance – Existing regulation and codes are an 
obstacle to consumer-led propositions and business models.  

o Commercial framework – Commercial models to accommodate consumer-led propositions are 
still at an early stage of development.  

o Market Structure – The existing market structure does not support peer-to-peer outside of 
licenced parties or private networks, or the sharing of value between relevant stakeholders.  

o Accommodation of new parties – energy communities becomes a critical new stakeholder, and 
all customers participating become an active part of the system as well.  
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Use Case 4: Distributed fleet offering ancillary services  

 

Description 

This Use Case considers a fleet of EVs which are owned by a single party, but are not charged in one 
location, are used to provide ancillary services to the power system. 

User Scenario 

Fleet manager wants to maximise the value of the fleet by being paid for ancillary services, while ensuring 
operational capability of the vehicles.  

Stakeholders 

Primary Stakeholder:  
o Fleet Manager 

Other stakeholders:  
o EV User (influencer) 
o Power system players (key influencer) 
o Fleet optimisation platform (enabler) 
o EV and charging system providers (enabler) 
o Owner / operator of charging infrastructure (enabler) 
o Regulators (supporter/enabler) 
o Local/national/continental governments (supporter) 

Scope 

The scope of the system: 
o EVs within a ‘distributed’ fleet 
o Charging infrastructure – which is geographically dispersed. This may include public charging 

infrastructure, or that located in the homes of the drivers.  
o Optimisation technology which can take in external information and optimise the 

charge/discharge schedule  
o Wider power supply system such as regional power network 
o Data and cyber security for the distributed fleet 

The boundaries of the system: 
The fleet, connected charging infrastructure, and wider power system.  
The relative frequency of the Use Case: 

o Where a fleet is adopting this Use Case, then this can be offered every day.  
o There is already an ancillary service market in place, for example, balancing and frequency 

response. If this market is accessible to all suitable loads and power resources, then this could 
be a common Use Case.  

Conditions 

What must be true before the Use Case runs? 
o Capability to charge/discharge must be available in vehicles and charging infrastructure. 
o There must be a number of parked electric vehicles 
o Fleet manager of sufficient size for aggregators to sign contracts of sufficient size – i.e. there 

must be a commercially viable proposition 
o There must be appropriate metering solutions (especially if services offered via an existing meter 

- e.g. at home) 
o This Use Case can compete with other DNO solutions including network reconfiguration, static 

storage solutions or other DSR 
What must be true after the Use Case runs? 

o Fleet manager maximises value from fleet 
o EV user must have charge to make each necessary journey  
o Business service must not be impacted negatively 
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Basic Flow 

 

Alternative Flows 

The alternative flows considered are listed below: 
o Ancillary services to a national system operator – these are national scale ancillary services, 

most likely with a common offering nationally. These services do not consider local constraints, 
which could cause issues at a local level.  

o Ancillary services to local network system operator (potentially a DSO) – The services offer 
support to the local network, for example, power factor correction, voltage control, local 
constraint management, or local system balancing.  

o Ancillary services via aggregator to multiple parties – Services offered by individual parties are 
aggregated to offer a more significant and more flexible portfolio of services. The aggregator can 
consider local and national service signals, and select the most beneficial ones to offer across 
the portfolio it represents. The aggregator could be part of the DSO. 

Relationship to Other Use Cases 

The technology required compliments the technology in peer-to-peer and ancillary Use Cases (platform 
& V2G). 
This Use Case competes with all distributed vehicle fleet Use Cases, and the other DSO solutions.  
The other ‘fleet offering energy community services’ Use Cases are very similar. 

Timing 

This Use Case should be considered as becoming prevalent in the long term. Complex metering 
solutions are required. Scale is required for any benefit, or could be achieved through an aggregator. 
Both the EVs and charging infrastructure require V2G capabilities which is still being developed. 

FPSA Functions that are key to enabling the Use Case 

This Use Case focuses on the EV being an energy resource within the rest of the power system, and 
therefore must be seen as part of that system, including within activities such as system planning, 
forecasting, monitoring, and settlement. Relevant functions include (key functions in bold): 
B2 – Provide mechanisms by which planning can be co-ordinated between all appropriate parties 
(potentially including cross-border, cross-vector, and intra-power system operational interactions) to 
drive optimisation, with assigned responsibility for security of supply. 
C5 – Identify available generation, other dispatchable energy resources and ancillary services and 
associated operational restrictions in real time. 
C6 – Collate and distribute information throughout the power sector on the performance of demand, 
generation, other energy resources and ancillary services in order to enable settlement. 
C7 – Monitor and settle the delivery of contracted demand, generation, other energy resources and 
ancillary services. 
H1 – Provide aligned financial incentives across the power sector (e.g. innovative or flexible tariffs) 
encompassing power, energy and ancillary 
services which provide appropriate signals to users and do not distort competition while considering their 
impact on customers. 

FPSA Functions directly impacted by the Use Case 

This Use Case focuses on an energy community, which is itself is a system being operated to its own 
aims. The impact of the EV contributions come alongside the other considerations of that community.  
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All C functions – Form and share best view of state of system in each time scale. 
D1 – Use appropriate approaches, including smart technologies, to maximise the capacity of the power 
system to accommodate the connection and integration of new demand, generation, other energy 
resources and ancillary services. 
All F functions – Monitor trends and scan for emerging risks/ opportunities on the power system and 
implement appropriate responses. 

Key Barriers to Implementation (taken from FPSA2 WP3 report) 

o Technical challenges to implementation – the Use Case requires the gathering, processing, and 
sharing of large amounts of data in real time, with real financial impacts on the customer and 
operational impact on the system. Therefore, the comms and platform must be robust.  

o Industry standards – there are no established standards for compatibility of EV charging controls 
and their interaction with the wider energy system. Standardisation of communication between 
the EV and charging infrastructure as well a standardised tariff. International travel adds another 
level of complexity 

o Commercial framework – Commercial models to accommodate smaller scale ancillary service 
offerings are not established. Fleet vehicles are not able to compete with other DSO solutions 
which could also solve the network constraints. 

o Market Structure – The existing market structure does not support the sharing of value between 
all relevant stakeholders.  

o Accommodation of new parties – those participating in ancillary services become an active part 
of the energy system, with a real impact and contribution. The rest of the power system must 
recognise this and ensure that their requirements are being met and that value is shared fairly.  
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Use Case 5: Direct system control of domestic EV charging 

 

Description 

This Use Case considers the situation when the power system takes direct control of EV charging within 
a domestic setting. Control could be a mandated over-ride of other services at times of network 
emergency.  

User Scenario 

EV User is either obligated to allow direct system control of fleet, or is rewarded for relinquishing control 
to a specified level. 

Stakeholders 

Primary Stakeholder:  
o Power system player  

Other stakeholders:  
o EV User (influencer) 
o Power system players (key influencer) 
o EV and charging system providers (enabler) 
o Regulators (supporter/enabler) 
o Local/national/continental governments (supporter) 

Scope 

The scope of the system: 
o EV 
o Charging infrastructure  
o Communications and optimisation technology to manage system control of charging 
o Data and cyber security for communications  
o Wider power supply system such as regional power network 

The boundaries of the system: 
The EV, connected charging infrastructure, and wider power system.  
The relative frequency of the Use Case: 

o Where a user is adopting this Use Case, then this can be offered every day, though could also 
be an ‘emergency case’ which is only activated under certain rare network conditions.  

Conditions 

What must be true before the Use Case runs? 
o The EV is home and connected to the charge point 
o There must be a mechanism by which control is decided on, communicated, and actuated within 

the home. It is unlikely that the DSO would take direct control of chargers; more likely the DSO 
has priority over other services 

o Any legal basis for mandatory direct system control or a viable business case to persuade EV 
user 

o There are system constraints that can be solved by this Use Case, noting that the DSO is able 
to deploy other solutions for example real-time network configuration, static storage solutions or 
other forms of DSR 

What must be true after the Use Case runs? 
o The EV user is able still to meet his transport needs at all required times (except in exceptional 

circumstances) 
o The power system constraint has been solved by the Use Case (or by a combination of the Use 

Case and other solutions). 

Basic Flow 
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Alternative Flows 

The alternative flows considered are listed below: 
o Short duration control – control is for a short duration, up to a few minutes. This is suited to 

system balancing and frequency response services. Impact on user is likely to be limited, though 
this may interact with other services being offered. This may be a mandated service, for example, 
charging infrastructure sold with frequency transducers with this functionality. Note – response 
may need to be randomised to maintain diversity.  

o Mandated longer duration control – control may be for a longer duration, for example hours at a 
time, and is mandated. This is most likely to be used in a system emergency to maintain the 
security of the system as a whole. The user is likely to be impacted, and may be compensated 
later.  

o Direct control as a service – the user offers direct control as a service, and the control is managed 
within user settings.  

All alternative flows may include V2G services.  
Alternative flows NOT included 

o System switching off supply to property – while this is an indirect control of the EV charging, this 
is considered outside of this Use Case as it impacts the property as a whole.  

Relationship to Other Use Cases 

The technology required compliments the technology in peer-to-peer and ancillary Use Cases 
(platform&V2G) 
This Use Case competes with all shared vehicle fleet Use Cases.  
The other ‘fleet offering energy community services’ Use Cases are very similar 

Timing 

This Use Case should be considered as becoming prevalent in the medium term. 
There are many privacy issues surrounding direct control of consumer appliances. However, with a rapid 
uptake of EVs, this may be necessary to prevent fuse operations disconnecting customers. 

FPSA Functions that are key to enabling the Use Case 

This Use Case focuses on the EV being an energy resource within the rest of the power system, and 
therefore must be seen as part of that system, including within activities such as system planning, 
forecasting, monitoring, and settlement. Relevant functions include (key functions in bold): 
C5 – Identify available generation, other dispatchable energy resources and ancillary services and 
associated operational restrictions in real time. 
E5 – Monitor the effectiveness of, and execute as required, remedial action (including market 
mechanisms and smart capabilities for the delivery of demand control, generation constraint and other 
actions) in response to all events/faults. 
E7 – Provide monitoring and control of those parts of the system under active management, including 
network assets, demand, generation and other energy resources and ancillary services. 
E8 – Provide automated and secure management of demand, generation, other offered energy 
resources and ancillary services, including Smart Appliances, HEMS and BEMS. 
G2 – Provide the ability to move between different modes of overall operation in the event or threat of a 
system emergency. 

FPSA Functions directly impacted by the Use Case 
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This Use Case focuses on an energy community, which is itself is a system being operated to its own 
aims. The impact of the EV contributions come alongside the other considerations of that community.  
All C functions – Form and share best view of state of system in each time scale. 
All E functions – Enable and execute necessary operator 
interventions. 
All F functions – Monitor trends and scan for emerging risks/ opportunities on the power system and 
implement appropriate responses. 

Key Barriers to Implementation (taken from FPSA2 WP3 report) 

o System functional limitations – Limitations in system monitoring, modelling and forecasting could 
constrain the scope for fully exploiting direct control.  

o Technical challenges to implementation – the Use Case requires reliable communications.  
o Industry standards – there are no established standards for compatibility of EV charging controls 

and their interaction with the wider energy system.  
o Policy and legislation – there would need to be established legislation and regulation for the 

direct control of equipment in customer properties, particularly if this is mandated control. This 
could be part of the connection agreement when installing an EV charging point or electric 
heating. 

o Accommodation of customers – there is likely to be significant resistance to the idea of mandated 
system control of customer equipment. Note: NIC project ‘My Electric Avenue’ included aspects 
of direct control through managed connection agreements.  
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Use Case 6: Flexible charging within a long journey 

 

Description 

This Use Case considers an EV user on a long journey, and can offer flexibility in the location and time 
of charge.  

User Scenario 

EV user wants to maximise convenience and value of charging decision during a long journey, but can 
offer flexibility about which charging station to stop at out of those that allow the journey to be completed.  

Stakeholders 

Primary Stakeholder:  
o EV user 

Other stakeholders:  
o Optimisation technology / application (key Influencer/enabler) 
o EV and charge system providers (enabler) 
o Charging station providers or owner of infrastructure (enabler/impact) 
o Power system players (key influencer/impact) 
o Highways agency/DFT (Impact/influencer) 

Scope 

The scope of the system: 
o EV 
o Charging infrastructure, located en-route, and potentially with associated static energy storage.   
o Optimisation technology which can take in external information and optimise inform the EV or 

user on optimal charging decisions 
o Wider power supply system such as regional power network 
o Data and cyber security for the information about the charging infrastructure 

The boundaries of the system: 
The EV and optimisation system, charging infrastructure on the route, and wider power system.  
The relative frequency of the Use Case: 

o It is likely that most EV users will occasionally travel long distances and this Use Case can be 
built into the technology used to route and plan long journeys. 

o Commuters which travel long distances or users that drive for work may frequently use this Use 
Case. 

o Flexibility is most likely to be enabled by aggregation of EV charging (e.g. at a service station) 
rather than by individual EV users, but this is not included in this Use Case.  

Conditions 

What must be true before the Use Case runs? 
o User undertaking long journey has access to charging location optimisation technology  
o The technology can access suitable data to reliably inform decisions  
o Interconnection of smart system to provide information to EV driving  
o There must be sufficient recharging stations on the journey route to allow flexible charging 

decisions 
o There must be enough EVs undertaking long journeys, to make the necessary communication 

infrastructure commercially usable. Equally, for EV’s to be regularly used for long journeys the 
infrastructure must be there. Consideration is needed about who ensures this, particularly in 
areas with low uptake of EVs 

What must be true after the Use Case runs? 
o The EV user completes the long journey and cost/convenience preferences have been satisfied 

through flexible charging 

Basic Flow 
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Alternative Flows 

The alternative flows considered are listed below: 
o Journey optimisation disrupted by an incident – for example, an accident, or user decision. 

Careful thought will need to be applied to ensure that EVs are not in danger of running out of 
charge.  

o Autonomous vehicle optimisation – journey optimisation when vehicles are autonomous.  
o International journey – a vehicle travelling from other parts of the world to the UK.  
o Charging station focus – the Use Case flow from the perspective of a charging station 

infrastructure owner, who may also have stationary storage to manage peak demand and 
provide system services.  

It is assumed for all flows, there is a financial reward for optimised charging. Optimisation can be based 
on variable cost of power, local constraints, or need for ancillary services such as balancing or voltage 
control.  
Alternative flows NOT included 

o V2G technology – it is assumed that vehicles on a long journey will not be available for V2G.  
o Static batteries associated with charging stations – this is a likely scenario, particularly when the 

battery is being used to meet peak demands of charging vehicles and providing flexibility to the 
network. However, this is a Use Case associated with the flexibility of the static battery rather 
than the EV charging, and therefore is out of scope.  

Relationship to Other Use Cases 

The technology required compliments the technology in peer-to-peer and ancillary Use Cases 
(platform&V2G) 
This Use Case competes with all shared vehicle fleet Use Cases.  
The other ‘fleet offering energy community services’ Use Cases are very similar 

Timing 

This Use Case should be considered as becoming prevalent in the medium term and is increasingly 
relevant and important with the increase in EV range. 
A technology is presented in this Use Case that helps solve range anxiety which is a key barrier to EV 
uptake. 

FPSA Functions that are key to enabling the Use Case 

This Use Case focuses on sharing adequate information to recommend to the user, but with the user 
themselves making the final choice. Relevant functions include (key functions in bold): 
C5 – Identify available generation, other dispatchable energy resources and ancillary services and 
associated operational restrictions in real time. 
F3 – Monitor the impact of customer behavioural changes on system operability and propose solutions 
to resulting operability issues as necessary. 
H1 – Provide aligned financial incentives across the power sector (e.g. innovative or flexible tariffs) 
encompassing power, energy and ancillary services which provide appropriate signals to users and do 
not distort competition while considering their impact on customers. 
H3 – Implement and co-ordinate a framework where the roles and value propositions of all significant 
stakeholders across the power sector can be managed. 
H4 – Provide market mechanisms e.g. peer-to-peer trading, to allow all customers to access the value 
realised by their actions. 
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FPSA Functions directly impacted by the Use Case 

This Use Case interacts with system wide forecasting, monitoring, and real-time operation, and has the 
user making autonomous decisions that can impact the system. This brings about potential opportunities 
and risks. Key functions being impacted are.  
All C functions – Form and share best view of state of system in each time scale. 
All F functions – Monitor trends and scan for emerging risks/ opportunities on the power system and 
implement appropriate responses. 
However, over time, patterns should emerge (e.g. for weekdays, weekends, BHs, etc.) which should 
enable reasonably accurate forecasting – both from a total system and local network perspective 

Key Barriers to Implementation (taken from FPSA2 WP3 report) 

o Technical challenges to implementation – the Use Case requires reliable communications and 
sharing of information from various sources; power system, vehicle status, traffic, charge point 
availability and functionality etc.  

o Industry standards – there are no established standards for compatibility of EV and their 
interaction with the wider energy system. In this case, the interaction and hence compatibility / 
interoperability with the wider system is likely to be via the charging stations. Many of the 
information flows required to inform the optimisation technology are already being developed 
and implemented in Europe through the EU C-ITS Platform initiative. The C-ITS day 1 service 
provides information for road works, traffic jam warning and weather warnings. 

o Commercial framework – commercial models for charge optimisation are not clear.  
o Market structure – Market structure is not currently in place to support innovative new products 

or business models.  
o Accommodation of customers – it will be key to develop interfaces and information systems 

which are user friendly and user acceptable.  
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Use Case 7: Business premises controlled to connection limits 

 

Description 

This Use Case considers the situation where a business offers charging services to employees that 
meets their charging needs and the connection limits of the business premises. 

User Scenario 

The business needs to remain within connection limits of the site, while allowing employees to charge 
their vehicles onsite. Connection limits may be constant, time variable, or dependent on system 
conditions.    

Stakeholders 

Primary Stakeholder:  
o Business 

Other stakeholders:  
o EV user (key influencer) 
o Optimisation technology / application (key Influencer/enabler) 
o EV and charge system providers (enabler) 
o Owner / operator of charging infrastructure (enabler) 
o Power system players (key influencer/impact) 

Scope 

The scope of the system: 
o Employees’ EV 
o Business’s EV charging infrastructure 
o Optimisation system which can understand EV’s charging needs, and connection constraints, 

and take in metering information from charging and the rest of the site.  
o Wider power supply system such as regional power network 
o Data and cyber security for the communication to control the connection limit 

The boundaries of the system: 
The business premises including all onsite EVs and EV charging stations. 
The relative frequency of the Use Case: 

o Every working day during working hours 

Conditions 

What must be true before the Use Case runs? 
o The business premises offers EV charging to employees 
o The business premises has connection limits 
o The business collects employee EV charging preference to manage charging 
o The business has a building energy management system that can manage charging without 

exceeding connection capacity limits or incurring excessive peak demand / energy charges. 
o Business has assessed impact on electricity (energy and use of system) charges due to 

increased consumption and potentially higher peak demand to ensure business case is positive. 
What must be true after the Use Case runs? 

o Employees have sufficient charge to make journey after work 
o Business does not exceed connection limit 

Basic Flow 
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Alternative Flows 

The alternative flows considered are listed below: 
o EV charging scheduled to within connection limits – charging is scheduled around peaks in load 

from the rest of the premises, and then to the needs of the user.  
o V2G EVs scheduled to within connection limits – charging and discharging is scheduled around 

the peaks in load from the rest of the premises and the needs of the user.  
Alternative flows NOT included 

o Other system services – businesses offering ancillary services is covered by other Use Cases.  

Relationship to Other Use Cases 

Related to all Use Cases ‘return to base fleet controlled to connection limits’ Use Case 
Interacts with the other charging at work Use Cases 

Timing 

This Use Case should be considered as becoming prevalent in the short term.  
Managed connections are already becoming more common, and may increase when businesses install 
charging stations and reach their connection limits. Business may choose smart solutions over the cost 
of the necessary upgrades.  
Building energy management systems are common, and could be extended to manage charging of 
connected vehicles.  

FPSA Functions that are key to enabling the Use Case 

This Use Case focuses on a business managing their energy use through the flexibility of charging of 
EVs, to stay within the connection limits mandated by the rest of the system. These limits are likely to be 
important for system security reasons. These connection offers can be made instead of requiring large 
connection costs. Relevant functions include (key functions in bold): 
D1 – Use appropriate approaches, including smart technologies, to maximise the capacity of the power 
system to accommodate the connection and integration of new demand, generation, other energy 
resources and ancillary services. 
E5 – Monitor the effectiveness of, and execute as required, remedial action (including market 
mechanisms and smart capabilities for the delivery of demand control, generation constraint and other 
actions) in response to all events/faults. 
E7 – Provide monitoring and control of those parts of the system under active management, including 
network assets, demand, generation and other energy 
resources and ancillary services. 
H6 – Enable customers to choose from a full range of market options which determine how they interact 
within the power system including individual, community and smart city services. 

FPSA Functions directly impacted by the Use Case 

This Use Case means that the optimisation equipment on the customer premises is important to the 
operation of the wider system. This brings opportunity for cost reduction and adaptable systems, but it 
also brings risks. Key functions being impacted are.  
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All F functions – Monitor trends and scan for emerging risks/ opportunities on the power system and 
implement appropriate responses. 

Key Barriers to Implementation (taken from FPSA2 WP3 report) 

o Technical challenges to implementation – need for resilient and reliable optimisation systems 
o Accommodation of new parties – the business becomes an active part of the power system.  
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