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FEVER: A quick overview FEVERES

* 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
 5yearsin duration

— Started Sept 2022, ending August 2027
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Prior related projects FEVERES

 Willenhall Energy Storage System

— Grid connected battery research platform

e 2MW, 1 MWh

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

—— Terminal Voltage Before the ESS

Terminal Voltage After the ESS

* TransEnergy: Road to rail s

8

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

Voltage (V)
8

w
8
dadd

— Funded by EPSRC £1.5 m (EP/N022289/1)
e AdD HyStor

B
8

— 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
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Case for electrification of transport FEVERSS

Indicative GHG emissions (kgCO?2e) for a single
passenger on example journeys

e Journey from Glasgow to London Glasgow to London, 2023 (KgCO2e)

* Greener, more efficient, quieter, fewer pollutants

— ICE 90 kgCO2e Plre

175

92

— EV 29 kgCO2e (reduced by factor of 3) Vetorke

Petrol Car 90

* Transport accounts for 26% GHG emissions

Diesel Car

GHG emissions by sector, 2021, by proportion

Other**, 4% frain

Waste, 4%\

28

Electric Car

29

Coach

N
N

Transport, 26%

m Direct Emissions  ®Indirect Emissions Indirect Effects*

Total Domestic GHG
Emissions in 2021:

Residential, 426.5 MtCO2e
16%

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

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

Business, 18%

8



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/

Future Electric Vehicle Energy
networks supporting Renewables

FEVERSES

https://www.gov.uk/government/publica
tions/uk-electric-vehicle-infrastructure-
strategy, March 2022

HM Government

Taking charge: the electric vehicle
infrastructure strategy



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

Number of EV public charge points

e Statistics from ZapMap May 2024

32992 § 62536

locations devices

May 2024

94312 | 1304

connectors last month

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

many-charqging-points

FEVER/EES | tveieimoring renevate
Public charge points by power rating
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https://www.zap-map.com/ev-stats/how-many-charging-points
https://www.zap-map.com/ev-stats/how-many-charging-points

Grid constraints

e 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

E E : Sign in _‘_ Home l.. News “. Sport |\- Weather I> iPlayer '|I Sounc

Home | Election 2024 | InDepth | Israel-Gaza war | Cost of Living | War in Ukraine | Climate | UK | World | Business

Science & Environment

Renewable energy projects worth
billions stuck on hold

Billions of pounds' worth of green energy projects are on hold because they
cannot plug into the UK's electricity system, BBC research shows.

Some new solar and wind sites are waiting up to 10 to 15 years to be
connected because of a lack of capacity in the system - known as the "grid".

https://www.bbc.co.uk/news/science-environment-
65500339
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Upstream Nominal Volitage (kV)
66

Downstream Nominal Voltage (kV)
1"

Generation Headroom without
reinforcement for New Substation
(MVA)

Generation Headroom without
reinforcement for New EHV Feeder
(MVA)

= |

https://northernpowergrid.opendata
soft.com/pages/network_heatmaps/

$



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

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

Future Electric Vehicle Energy
networks supporting Renewables

FEVERSES

|2 e

The Ten Point Plan
for a Green Industrial
Revolution

National ff‘f:«f{"’ ’.
Infrastructure’ Nov 2020
Strategy '

Nov 2020
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Future Electric Vehicle Energy

The FEVER concept FEVERES

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)

networks supporting Renewables
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FEVER - Concept
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| reverapp: \
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T e

| N -
R Social acceptance of the
] specific ESS
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Future Electric Vehicle Energy

Management structure FEVERSS

Prof David Stone
University of
% Sheffield

Pl Prof Andrew Cruden Dr Chris Jones

UNIVERSITYor
PORTSMOUTH

University of
@Southampton

Dr Mona Chitnis

UNIVERSITY OF

SURREY

Partnership organisations

crR@p s Diclogue Mattters * @5Y6ASA

= THE FARADAY

EEEEEEEEEEEEEEEEEEEEE INSTITUTION
EEEEEEEEEEEEEEEEEEEEE nederland
HIVE caraPULT D siemens seeeen wood.
ENERGY Connected Places Shell E | Energy Storage
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Future Electric Vehicle Energy

Work packages FEVERSS

 Modelling and design methodology e Communications and trading
— FEVER energy system modelling — Smart charging apps and incentives
— Specific site modelling and analysis — Deployment and communications

* Hybrid off-vehicle energy store Social acceptance, policy and economics

— Hybrid OVES operation, safety and — Co-creation workshops

maintenance
— Consumer preferences

— Economic analysis of OVES ,
— Community engagement

e Characterisation and control Demonstrators
— New and aged battery packs — Laboratory based technology demonstration

— Fault and system reconfiguration — FEVER charger station

networks supporting Renewables
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Work package summary FEVERES

* |nvestigate 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

e 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 WES: Profece Managerent
* |nvestigate key factors affecting the social WP6: Social Acceptance, Policy and Economics Studies
acceptability and acceptance of the FEVER concept W3 RYrdES WP3: Characterisation
among key stakeholder groups and individuals (e.g. —
policy makers, the public) WP1: Modelling
WP4: Comms and ;NPS: Smart Grid

Trading

and Vehicle Delivery
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Energy requirements modelling

 Foragiven EV charging demand, what energy sources and stores are required to meet demand?

EV demand

energy
generation

Solar energy
generation

/ Energy \

management system !
1
1
O Data acquisition for "'t Hybrid energy
energy management - ----------- >1 storage system
1
1
O Scheduling for E
charging/discharging | S°C, C-rate, ...
€-------mmoe- i Li-ion
O Reporting outputs, i battery
e.g. energy demand :
K (not) supplied J i
. I Super-
. i | capacitor
; >
Annual power | ______ Data lines
profile Power lines

FEVERSES

---------------

’

N ——————————————————— -

Future Electric Vehicle Energy
networks supporting Renewables
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The car park EV power demand for the data of

number of visitors and their arrival time in 2019
80 T T T T T T

EV charging station microgrid modelling: Zoo
EV load demand modelling

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

~J
(=
T

[o)
S
T

Charging station has 10 uncontrolled 7 kW AC
chargers

W
(=)
T

EV Demand (kW)
&
o

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

W
S
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Time (day)

Assume four visitors per car, with 3% of these cars EVs behaviour and load demand for an example day (20" of April)

being EVs © .

——— EVs in car park

----- EVs plugged in
—— EVs charging

w
o
w
o

Vehicles parked 4 hours

Charging Energy

N
o

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

Number of EVs
8
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N
S
=
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EV charging station microgrid modelling

Solar generation unit modelling
e Solar power output calculation by transforming solar

irradiance into power Output power of 40*200 W solar panels for 2019 solar radiation data
7 | T \ - \ | |

Pov [KW] = Gg X1nj Xmp X pg X Npy

6 —
n;: inverter efficiency

(9}
I

n,: panel efficiency

o
I

p4: panel dimension (m?)

W
T

PV Power (kW)

Gg: solar irradiance on inclined surfaces (kW/m?)

o
|

Npy: Number of panels

—

I
100 150 200 250 300 350
Time (day)

* Gg 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.
23
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EV charging station microgrid modelling FEVERE&S

Ove raII microgrid mode”ing Annual power and energy profiles of demand,
renewable generation, and the HESS

70 T

After modelling the MG modules separately, they ol s iy ||
should be configured into the entire MG system ol IR SRR,
According to the ESS/HESS model assumptions, the < ol

load demand is considered as positive values, and 5

the renewable generation is denoted with negative o

0 i
values _ W
Overall model of the studied microgrid

P T

20
- _ P 0 50 1 150 200 250 300 350
Solar rad Izalmn ) PV generation w Energy management system Time (day)
(W/m?) unit model )
hess,sch 25 ‘ ‘ .
+ | * 20 |mEV demand energy i
. . \ 4 Wind generation energy
Wind speed ) WT generation PWt ) ( ) | + LPF 15 |= =Solar generation energy W,, =20.75 MWh E dEenn(i;gn)é
(m/S) unit model + | é ( = =—=HESS scheduled energy
Pren 10 |
- I P P 2
sc,sch b,sch = 5 i
Number and EVdemand | Pev ) 2
aITIV3.| ume Of ’ mOdeI | \>: 0 ____~, ...............
o _ong Q a0 ] —
Visiting vehicles + b / CSUPEF ) ( |-| ion - S e e W, =-7.05 MWh | l
+ er,gen capacitor Battery = N ~— - |
Phess % T . Wio oo = -8.78 MWh | Available
Perload € )€ - 1 WT, 40*200 panels, enerey
| 20" 10 AC chargers W, = -22.47 MWh |
Hybrid ESS -25 ‘ : : ; : : ;
0 50 100 150 200 250 300 350 400

Time (day) 24
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Demonstrator site design study FEVERES

e |dentified several possible locations for demonstrators:

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

— 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

e 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

 OQOutputinforms a further study on economic viability

* Discussions are currently on-going with several parties

25
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Hybrid Energy Storage System — for off-vehicle
energy store (OVES)
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Hybrid energy storage systems FEVERSS

* 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
250 1 Energy Storage / Day
- Bio-fuels
S Y
Q Q ﬁ Option 1
¢ CO NSl d e rat|0 ns i} ) 100[KWh] Single Battery Type ‘Oversized’ Solution:
B 10 - 210kWh
— CAPEX and OPEX H v
_% B ey Ry 0 0 0l Option 2
— H ili 2 Hybrid Solution:
Avallablllty Of energy = 50 |- - High Spec Battery 100kWh
) . ) Low Spec Battery 110kWh
— Size of installation .
0 5 10 15 20 25 30
a Day
— Complexity :
— Control 1. Split capacity types and, ideally, cost via hybridisation

2. Opportunity for more sustainable solution? y



Li-ion & Lead-acid hybrid system —Dual Chemistry System FEVER&S |z

Lithium ion strengths
gs © Cycle Life
. High Discharge Rate
.« High Charge Rate
« Partial SOC operation
« High Efficiency

— ‘K High Energy Density

Lead acid strengths

Economical

Simple Control

Abuse Tolerant
Sustainable Materials
Abundant Raw Materials
Low Embodied Energy

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

2. Offers percentage of highly recyclable BESS - more sustainable

29
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Hybrid BESS — Experimental Testing FEVERSS

w SwL3300. %

yuasA T Ve

g5 =
= ,e802

m—— S

SWR3300 LIM50
Battery Battery Cell

A~ Dicion Cabinet \——
o . — [t fm LAl
-0 "

! ez

4 DC/AC
= Liion —— Lead-acid — A s
LAl LIAl PN I;lA]
DC/AC
- + + —
—=- Livion —— Liion 1 ——= Lead-acid 2 ] o

Lead-acid Strir{g“ ~ Ul fria fm fw N

: DC/AC
-— Liion — Lead-acid 1 —- Lead-acid 2 ] S

i N

Lab Based Hybrid Battery System
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Hybrid BESS — Experimental Testing FEVERGY

lead-acid OCV voltage —e———i-ion QCV voltage

Hybrid Lead-acid & Li-ion Discharge

15

10F !
= °f 5
B . :
% oF 0 20 10 60 80 100
3 SOC%
O
5F Recall voltage versus SoC
characteristic of Hybrid ESS
.10_
0 5 n 5 3 10 o A At the end _of dlsc_harge
: there are circulating
ime [hours]
. i currents
Initial Lead-acid
discharge then takes
only Li-ion over
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Communications and trading
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Develop underlying ICT system for OVES charging stations  FEVER&S

Hybrid Storage
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. | FEVER App: o m e
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r l
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Data connectivity FEVER&

* E-mobility provider/Roaming Provider requirements
 Open Charge Point Interface (OCPI)
* Customer integration

e Billing

* Report Requirements

[ocm]I
Control/
Status/Data

* Potentially reliability requirements Notifications

[OCPP]
[WebSocket, JSON]

t Monitor/Control

e [SSE/PWA]
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Related publication

Demonstration Track AAMAS 2024, May 6-10, 2024, Auckland, New Zealand
L) i . "
e EVtonomy: A Personalised Route Planner for Electric Vehicles
Demonstration Track
Alexandry Augustin Elnaz Shaﬁpour Sebastian Stein
Uuhfenllyo(Soulhxnﬁon Ui y of & Uni y of South
hampton, United Kingd Southampton, United Kingd South United Kingd
J d: g l.com eshafipour@ ac.uk uum@so(a\xuk
ABSTRACT review some of the most popular EV route planning apps: along

With the continuing growth of the electric vehicle (EV) market,
planning long road trips should be a seamless and hassle-free ex-
mh[VdedEVMtﬂnnuglmh\f
ged recently as indisp bl providing
mappéing and data services. However, EV owners still face a number

rih:mwﬁmn(wnmmmﬂ’bm

mlu-nd h stop dati
owner's individual preferences in terms of trip duration, including
both driving time and the time spent charging the car, along with
the total charging costs.

KEYWORDS

Human Agent Interaction; Electric Vehicles: Online Route Planning
ACM Reference Format:

Jexanudry Elnaz Shafipour. and Sebastian Stein. 2024 EVtonomy:
A Personalised Route Planpes for Electric Vehicles: Demoastration Track
1a Proc. of the 23nd In ! Conference on Agents and

mws,m—mmmuw New Zealand May 6 - 10, 2024,
IFAAMAS, 3 pages.

1 INTRODUCTION
The rapid growth of EV route planning apps has played a major
role in shaping the landscape of electric mobility as we see it today.
These apps assist EV owners with powerful tools, helping them
make informed decisions about their journey. A good EV planning
app needs to allow users to filter charging stations based on location,
type of connectors, charging speed, and availability, among other
features. A feature that has notably received much less attention,
however, is the provision of routing and charging recommendations
based on the individual preferences of EV owners. It has been
shown in previous studies that EV owners have widely different
preferences when it comes to charging stations [18]. For example,
while some EV owners prionitise driving time over cost, others elect
to minimise expenditure, even if this leads to longer journeys.

A number of solutions to address advance planning for long EV
Journeys are currently available on the market. In what follows we

This woek i I d under 3 Createve G ihs
Ssternatunal 40 Licorme

Proc of the. ol Canference Agratsand

with their most relevant features at the time of writing. With hun-
dreds of thousands of users, Zapmap [20] is one of the leading EV
route planning apps. While Zapmap offers key features such as live
wmm.mu.nmrammum
not offer ingful routing p ¢

anﬂlm‘lomkﬂm[ﬂhn&uw
EV routing services since 2018 via an app (named A Better Route
Planner [1]) as well as an API for third-party customers. In addition,
Google Maps [12] has quickly become the leading app
in the world with more than 1 billion users a month [13] since its
public launch in 2005. Features such as Street View, tum-by-turn
navigation, and live traffic inf have all buted to its
market dominance. Despite this success, it is only recently (2021)
that dedicated EV route planning features have been added. Such
features include dynamic and deep integration with the car and live
data. For example, ch stations are ically added to the
route as required based on the actual battery state-of-charge (SoC)
rather than an estimation. Like Zapmap, both ABPR and Google
Maps offer basic personalisation based on the number of charg-
ing stops (e.g.. few but long. or short but many), but do not take
into account preferences that a user may have regarding the total
charging cost of the journey (e.g. maximum budget, or the cheapest
route).

Other commercial apps include, Watts Up [19], Plugshare [16],
EV Navigation [7), Octopus Ele (15). and Bonnet [4). More-
over, a number of research prototypes have also been developed.
These include eco-friendly routing [11), routing with charging reser-
vation (2, 3], and routing for solar-powered EVs [10]. Ul‘«lunddy
none of these solutions provide the level of personalisation desired.

Against this background, we introduce EVionomy [17)], a route
ﬂnnnqw&nhhﬂmphmmpmhn‘

journeys our al
ders th wrn' refe —m—ofm“bﬂmdnv\n‘
time and costs when foute demon-
stration video is available at htps.,ymlube/livﬂmm

2 THE EVTONOMY APP
In this section, we discuss the und
tation of the EVtonomy app.

pinning design and impl

2.1 Algorithm
Our algorithm considers an EV driver with specific preferences

(AAMAS 29261 X Aldrchena, ¥ h;—un-—.;xks-uiluna 0204
Amtlond New Zealond © 2024 bnternational Fosndaton Sor Assoncemsus Agsnts and
Mubiagent Syvtems (www ifaamas org)

for ch g ch stops which can be paying low cost for the
charge or charging the car as fast as possible. Depending on the
destination, the driver can make multiple stops at various charging
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FEVER Joint Stakeholder Workshop — Fleet and
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FEVER Joint Stakeholder Workshop FEVERES

 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

* Drlain 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

e 30 stakeholders participated in workshop discussions

— Electric fleet operations
— Integration of hydrogen into an off-grid charging solution

— Social acceptance and economic views

38

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

* Policy event in London on 18th April 2024
* Opportunity to

— Share our early findings on how the technological, social and regulatory

. . ] Agenda:
aspects of independent EV charging are developing T T Frem——
Intro to FEVER —
— Get your thoughts on the future challenges to inform our work SRS o B et it deskoved)

. Share draft Policy Brief

Unpicking the EV policy landscape -

* Attended Ofgemm, Sussex Climate Commission, an MP, OZEV and o Wt h EV charging st pollc indssape nd

adoption targets?

M M . What policies are currently in development or under
SO Ut h a m pto n Clty CO U n C I I 10:30-11:30am consideration/consultation?
: ) . Who are the different key stakeholders in the value chain and

what powers do they have to enable or challenge deployment of
new infrastructure, e.g. DfT, OZEV, DNOs, Ofgem, Local

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

11:30-11:40pm | Short refreshment break

How could FEVER be deployed to address EV infrastructure challenges?

. Mapping of different deployment scenarios

. What do the different deployment scenarios mean for policy and
national EV infrastructure, Bridging infrastructure for National
Highways, agricultural setting to charge plant equipment,
community ownership of assets.

11:40-12:30pm

. Role of the regulator

Planning for future collab ion —

. Summary of discussion and agreement of next steps captured
12:30-1:00pm . Group Input into the policy brief

. Policy maker feedback on the future research direction for the

The Electric Vehicle (EV) policy landscape will need to continue evolving to enable
EV adoption targets, in particular to unlock the rollout of new inclusive and
equitable charging infrastructure.

FEVER project

Electric vehicle (EV) ownership and domestic and commercial use in the United Kingdom (UK)
is increasing rapidly, with 41% growth in plug-in cars registered from 2022 to 2023 and 28.3%
of all new cars sold in December 2023 being either fully electric or plug-in hybrids. Predicted
energy demand resulting from the growth in EVs in the UK is anticipated to reach around 30
TWh bv 2030. and around 65-100 TWh bv 2050. 40
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Final words
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Concluding words FEVERES

 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
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