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FEVER: A quick overview

• FEVER: Future Electric Vehicle Networks supporting Renewables

• Aim is to develop an EV charging solution that can deliver fully grid-independent, renewably 
powered charging

• £6.6 m EPSRC programme grant between (EP/W005883/1)

– Southampton (lead institution)

– Sheffield

– Portsmouth

– Surrey

• 5 years in duration 

– Started Sept 2022, ending August 2027
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Prior related projects

• Willenhall Energy Storage System

– Grid connected battery research platform

• 2 MW, 1 MWh

– Funded by EPSRC (£4.9 m) under Capital for Great Technologies

• TransEnergy: Road to rail

– Trackside energy storage for rail/metro network to capture regen

– Funded by EPSRC £1.5 m (EP/N022289/1)

• AdD HyStor

– Demonstration of dynamic grid stabilisation with an Adaptive-
flywheel/battery Hybrid energy Storage system in Ireland and UK

– Horizon 2020 Framework Programme €3.9 m



EV charging
National content
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Case for electrification of transport

• Greener, more efficient, quieter, fewer pollutants

• Journey from Glasgow to London

– ICE 90 kgCO2e

– EV 29 kgCO2e (reduced by factor of 3)

• Transport accounts for 26% GHG emissions

  

  

  

  

  

  

   

     

            

     

          

          

         

     

                                

                                                   

Indicative GHG emissions (kgCO2e) for a single 

passenger on example journeys

https://www.gov.uk/government/statistics/transport-and-

environment-statistics-2023/transport-and-environment-statistics-

2023

GHG emissions by sector, 2021, by proportion
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UK Government Strategy

• UK Government anticipates 300,000 public charging points by 2030  
(minimum, if there is a high proportion of workplace charge points 
and consumer adopt efficient charging behaviour and lower 
mileage) 

• However up to, potentially, 700,000 public charging points would 
be needed if there is higher proportion of on-street chargers, 
consumers drive more and have relatively inefficient charging 
behaviours

• In May 2024 there were 62,536 public charge points (ZapMap)

• (SMMT)  expects that 1.7 million public charge points will be 
required by 2030 and 2.8 million by 2035 https://www.smmt.co.uk/2020/09/billions-

invested-in-electric-vehicle-range-but-nearly-half-of-uk-buyers-still-think-2035-too-soon-to-switch/

https://www.gov.uk/government/publica

tions/uk-electric-vehicle-infrastructure-

strategy, March 2022

https://www.smmt.co.uk/2020/09/billions-invested-in-electric-vehicle-range-but-nearly-half-of-uk-buyers-still-think-2035-too-soon-to-switch/
https://www.smmt.co.uk/2020/09/billions-invested-in-electric-vehicle-range-but-nearly-half-of-uk-buyers-still-think-2035-too-soon-to-switch/
https://www.gov.uk/government/publications/uk-electric-vehicle-infrastructure-strategy
https://www.gov.uk/government/publications/uk-electric-vehicle-infrastructure-strategy
https://www.gov.uk/government/publications/uk-electric-vehicle-infrastructure-strategy
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Number of EV public charge points

• Statistics from ZapMap May 2024

https://www.zap-map.com/ev-stats/how-

many-charging-points 

Public charge points by power rating

Public charge points by region

https://www.zap-map.com/ev-stats/how-many-charging-points
https://www.zap-map.com/ev-stats/how-many-charging-points
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Grid constraints

• Transition to EV will require more electricity 
generation

• UK needs more renewable generation to 
growth in EV charging demand

• Some substations have limited capacity for 
generation

https://northernpowergrid.opendata

soft.com/pages/network_heatmaps/

https://www.bbc.co.uk/news/science-environment-

65500339
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National Context

• FEVER proposes a novel solution to the current trilemma of 
achieving significant growth in EV charging infrastructure, facilitating 
continued development of on-shore renewable generation and 
mitigating electricity grid constraints

• The UK transport sector became the largest contributor to the 
nation’s carbon emissions back in 2016

• FEVER clearly supports the ‘Ten Point Plan for a Green Industrial 
Revolution’, Point 4 – Accelerating the Shift  to Zero Emission 
Vehicles

• Also supports the National Infrastructure Strategy which will invest 
£1.3 billion in EV charging infrastructure

Nov 2020

Nov 2020



FEVER – the concept
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The FEVER concept

• To create a new EV charging solution that can deliver fully grid-independent, renewable 
energy powered charging using novel Off Vehicle Energy Stores (OVES)

• Investigate the barriers and drivers affecting the development of fully grid-
independent, renewables powered OVES based EV charging stations

• Design, develop and trial viable, low-cost, and socially-endorsed solutions to this 
problem via the novel combination of energy storage technologies

• Construct two functioning demonstrations of an optimised OVES concept

– explore opportunities to create local ‘smart grids’ to support wider local demand 
for electricity from homes, industry and business​

• Investigate key factors affecting the social acceptability and acceptance of the FEVER 
concept among key stakeholder groups and individuals (e.g. policy makers, the public)
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FEVER - Concept

Social acceptance of the 

specific ESS 

technologies and FEVER 

concept being studied 

with stakeholders

Whole system 

economics being 

studied 
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Team
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Management structure

PI Prof Andrew Cruden

Prof David Stone

Dr Chris Jones

Dr Mona Chitnis

Partnership organisations
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Work packages

• Modelling and design methodology

– FEVER energy system modelling

– Specific site modelling and analysis

• Hybrid off-vehicle energy store

– Hybrid OVES operation, safety and 
maintenance

– Economic analysis of OVES

• Characterisation and control

– New and aged battery packs

– Fault and system reconfiguration

• Communications and trading

– Smart charging apps and incentives

– Deployment and communications

• Social acceptance, policy and economics

– Co-creation workshops

– Consumer preferences

– Community engagement

• Demonstrators

– Laboratory based technology demonstration

– FEVER charger station



19

Work package summary

• Investigate the barriers and drivers affecting the development of fully grid-independent, 
renewables powered OVES based EV charging stations. 

• Design, develop and trial viable, low-cost, and socially-endorsed solutions to this problem 
via the novel combination of energy storage technologies

• Construct two functioning demonstrations of an optimised OVES concept (i.e. FEVER)

• Explore opportunities to create local ‘smart grids’ to support wider local demand for 
electricity from homes, industry and business

• Investigate key factors affecting the social 
acceptability and acceptance of the FEVER concept 
among key stakeholder groups and individuals (e.g. 
policy makers, the public)



Energy modelling and demonstrator design
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Energy requirements modelling

• For a given EV charging demand, what energy sources and stores are required to meet demand?

EV demand

Wind  

energy 

generation

Solar energy 

generation

Li-ion 

battery

Hybrid energy 

storage system

Energy 

management system

❑ Data acquisition for 

energy management

❑ Scheduling for 

charging/discharging

❑ Reporting outputs, 

e.g. energy demand 

(not) supplied

…

SoC, C-rate, …

Data lines

Power lines

Super-

capacitor

Annual power 

profile
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EV charging station microgrid modelling: Zoo
EV load demand modelling The car park EV power demand for the data of 

number of visitors and their arrival time in 2019
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EVs behaviour and load demand for an example day (20th of April)

• EVs plug-in and charge from 10 am until 5 pm

• Charging station has 10 uncontrolled 7 kW AC 
chargers

• Daily energy demand for charging the EVs was 
calculated using the chargers’ usage profile based on 
the total number of visitors arriving each day in 
2019 and the hourly visitors’ arrival profile

• Assume four visitors per car, with 3% of these cars 
being EVs

• Vehicles parked 4 hours

• Assume the average efficiency of an EV is 4 miles per 
kWh and needs to charge to cover a total distance of 
30 miles



23

EV charging station microgrid modelling
Solar generation unit modelling

Output power of 40*200 W solar panels for 2019 solar radiation data

• Solar power output calculation by transforming solar 
irradiance into power

Ppv kW = Gβ × ηi  × ηp  × pd  × Npv

ηi: inverter efficiency

ηp: panel efficiency

pd: panel dimension (m2 )

Gβ: solar irradiance on inclined surfaces (kW/m2 )

NPV: Number of panels

• Gβ has been estimated by using a solar model 
developed in MATLAB

• The input data for the model (i.e., global horizontal 
solar irradiation) was obtained through the Centre 
for Environmental Data Analysis (CEDA) archive. 
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EV charging station microgrid modelling
Overall microgrid modelling

Overall model of the studied microgrid
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Annual power and energy profiles of demand, 

renewable generation, and the HESS 

Whess,sch = -8.78 MWh

Wwt = -22.47 MWh

Wev = 20.75 MWh

Wpv = -7.05 MWh

Energy 

demand

Available 

energy
1 WT, 40*200 panels,

10 AC chargers

• After modelling the MG modules separately, they 
should be configured into the entire MG system

• According to the ESS/HESS model assumptions, the 
load demand is considered as positive values, and 
the renewable generation is denoted with negative 
values
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Demonstrator site design study

• Identified several possible locations for demonstrators:

– Southampton university site to demonstrate hybrid energy storage system featuring lithium, 
lead-acid and lead soluble flow battery technologies

– Zoo/animal park providing visitors with charging during their visit

– Hospital

• Up to three possible locations with existing onsite renewables

– Logistics site in the Midlands

• Conversion of existing carparks into ‘FEVER’ carparks

• Energy model is used to evaluate combinations of energy source and storage subject to 
site constraints such as localized shadowing and planning restrictions

• Output informs a further study on economic viability

• Discussions are currently on-going with several parties
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Publications



Hybrid Energy Storage System – for off-vehicle 
energy store (OVES)
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Hybrid energy storage systems

• Short-term and long-term requirements due to seasonality, demand and availability of 
generation

• Investigate of different energy storage technologies

– Battery (li-ion, lead, flow type)

– Fuel cells

– Bio-fuels

• Considerations

– CAPEX and OPEX

– Availability of energy

– Size of installation

– Complexity

– Control 1. Split capacity types and, ideally, cost via hybridisation

2. Opportunity for more sustainable solution?
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Li-ion & Lead-acid hybrid system – Dual Chemistry System

1. Has reduced li-ion capacity and cost via hybridisation

2. Offers percentage of highly recyclable BESS - more sustainable



30

Hybrid BESS – Experimental Testing
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Hybrid BESS – Experimental Testing

Initial 

discharge 

only Li-ion

Recall voltage versus SoC 

characteristic of Hybrid ESS

Lead-acid 

then takes 

over

At the end of discharge 

there are circulating 

currents



Communications and trading



33

Develop underlying ICT system for OVES charging stations

FEVER App

Peer-to-Peer Trading

Communications

System

Smart Charging

Hybrid Storage
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Data connectivity

• E-mobility provider/Roaming Provider requirements

• Open Charge Point Interface (OCPI)

• Customer integration

• Billing

• Report Requirements

• Potentially reliability requirements
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FEVER app
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Related publication



FEVER Joint Stakeholder Workshop – Fleet and 
Commercial Users
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FEVER Joint Stakeholder Workshop

• Held 15th of May 2024 in Rugby

• Supported by the Chartered Institute of Logistics & 
Transport (CILT) UK

• Dr Erica Ballantyne led the workshop and presented 
an overview of EV charging for commercial fleet

• Dr Iain Mosely from Nyobolt discussed challenges and 
opportunities for high-power fleet charging

• Dr Nick Head introduced the sustainability roadmap 
at XPO and discussed issues regarding feasibility and 
practicality associated with the electrification of HGVs

• 30 stakeholders participated in workshop discussions 

– Electric fleet operations

– Integration of hydrogen into an off-grid charging solution

– Social acceptance and economic views

– EV charger power



Roundtable
The regulatory impact of offgrid Electric Vehicle (EV) charging
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Roundtable event held in Westminster

• Policy event in London on 18th April 2024

• Opportunity to

– Share our early findings on how the technological, social and regulatory 
aspects of independent EV charging are developing

– Get your thoughts on the future challenges to inform our work

• Attended Ofgemm, Sussex Climate Commission, an MP, OZEV and 
Southampton City Council

• Output from the event written up into a 3 page policy brief



Final words
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Concluding words

• Two years into a five project

• Started technology evaluations and establishing laboratory demonstrators

• In discussions with location owners for potential demonstrator sites

• Major next step is to select the demonstrators



YOUR QUESTIONS

www.fever-ev.ac.uk
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