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2 RESILIENT EV CHARGING: REV ïExecutive Summary

Decarbonization of the economy will drive a transformation of the GB power

system beyond that already caused by the growth in renewable energy.

By around 2040

Å peak demand is forecast to increase by 50% in all Future Energy

Scenarios (FES1),

Å demand for energy will at least double over the same time period in three

out of four scenarios.

Much of this new demand will come from ñsmartòloads, controlled by

software systems, whose behaviour will be very different to traditional

system demand. Just as inverter-connected generation has brought

new challenges for grid operation, the presence of these new types of

smart load will introduce system risks that have not been seen before.

Phase 1 of Project REV2 has explored what these risks might be for one

rapidly growing group of technologies, Electric Vehicle Charging (EVC) and

Vehicle-to-Grid generation (V2G).

New Smart Loads = New Risks
EXECUTIVE SUMMARY

Future Energy Scenarios, July 2021, National Grid ESO
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1) Future Energy Scenarios, July 2021, National Grid ESO

2) Project REV NIA2_NGESO006

https://www.nationalgrideso.com/document/199871/download
https://www.nationalgrideso.com/document/199871/download
https://www.nationalgrideso.com/document/199871/download
../ESO%20Review/smarter.energynetworks.org/projects/nia2_ngeso006
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Six ways in which Electric Vehicle chargers present a risk to grid security
EXECUTIVE SUMMARY

Mass adoption of EVs will bring a range of new system 

operability challenges for grid operators, not just the 

increase in energy demand.

Ramp +/ -

Step +/ -

5. Demand control: Defences are 

eroded

Å Constant Power loads will not respond to 

voltage reduction.

Å V2G will offset LFDD operation.

6. Restoration: Erratic behaviour after restart 

will hinder the process of restoration

Å Load return depends on restart of hardware, software and 

communication systems. 

Å Risk of tripping on high or low volts during restoration. 

Å Risk of transformer overloads

4. Degraded stability: Increases risk of 

post-fault collapse

Å Constant Power loads will impact voltage, 

transient and oscillatory stability of the system. 

Å V2G lacks inertia and PSS.

3. Oscillations: A group of 

chargers switching on and 

off repeatedly

Å Control system interactions

Å Malicious actors

Oscillation

2. Ramp: Too many chargers switching 

on or off within a few minutes

Å Software-controlled load pick-up

Å Cascade tripping for high or low volts

Å ñPanic chargingò

1. Step: Too many chargers switching 

on or off at the same moment

Å Time of use tariff step (real or accidental)

Å Failure of fault ride-through

Å Software error (EV vendor, DSR aggregator, etc)

Å Malicious actors
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Underlying factors
EXECUTIVE SUMMARY

Urgent action is needed on regulation, system and 

market design to successfully mitigate risk from EVC 

and V2G, and unlock their benefits.

Common-modebehaviourreducingloaddiversity.

The2021FutureEnergyScenarios1 envisagebetween12and26

millionEVsinservicein2035.Withtypical7kWdomesticchargers,just

2%ofthesechargersswitchingonatthesametimewouldgenerateaload

stepofbetween1.7and3.6GW,significantlymoreseverethantheAugust

2019lossofsupplyincident2.

Smartchargingcontrolsystemscouldcausesuchsynchronisedactionby

respondingtoTime-of-Usetariffs,byaccidentorthroughmaliciousintent.

Randomisationhelpssoftenloadsteps,butthevolumeofprice-driven

demandcouldstillresultinrapidmulti-GWramps.

Designforcustomerneeds,notgridrequirements.

ThefocusofEVC/V2Gtechnologydesigniscustomerneedsandcost;it

willdoñjustenoughòtomeetgrid-relatedregulationssuchasfaultride-

throughandhigh/lowvoltagewithstand.Presentregulationswerenot

designedforazero-carbonfuturesowillneedrevision.

Chargingspeedismaximisedbyconstantpower/currentoperation,with

noloadresponsetovoltageorfrequencyexcursions.Thiswillnegatively

impactsystemstability.

Dependence on an interconnected software ecosystem.

Smart charging depends on multiple software systems running on multiple hardware platforms from

multiple vendors connected by multiple communication systems.

This complexity creates the risk of conflicting controls and unforeseen behaviour under normal and

abnormal conditions (loss of comms or restoration after loss of power), and a high risk of cyber

compromise.

An urgent decarbonization agenda.

It is vital that regulations are updated quickly to manage these risks while giving the industry time for

implementation so that we avoid the need for a significant retrospective program (such as

ALoMCP3);

NGESO should consider whether ToU tariffs, in the present half-hour market, will be viable when up

to half of system demand is price-responsive.

Exploiting the full capability of smart EV charging Demand Side Response (DSR) flexibility and V2G

can support decarbonization targets, reducing operating costs and enhancing system resilience.

1) NGESO Future Energy Scenarios July 2021
2) 9 August 2019 power outage report - Ofgem
3) Accelerated Loss of Mains Change Program

https://www.nationalgrideso.com/document/199871/download
https://www.ofgem.gov.uk/sites/default/files/docs/2020/01/9_august_2019_power_outage_report.pdf
https://www.ena-eng.org/alomcp/
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AC
ADMD
AEMO
ALoMCP
ANM
BAU
BEIS
BEMS
BESS
BMS
BS
BSI
CCS
CVR
CP
DER
DC
DCC
DDoS
DG
DPV
DSR
DN
DNO
DSO
ENA
EPRI
ESA
ESC
ESIG
EV
EVC
EVSE

CHAPTER

Abbreviations
FES

FIDVR

FiT

FRT

GB

GFM

GIC

G-PST

HEMP

HEMS

HGV

HP

HV

HVDC

IBR
IC

IEC

IEEE

IET

ISO
ISP

kW

kWh

LCT
LFDD

LV

MV

MW

NEM

NERC

NGESOFuture EnergyScenarios

Fault Induced Delayed Voltage Recovery

Feed in Tarif

Fault Ride-Through

Great Britain

Grid ForMing

Geomagnetic Induced Current

Global Power Systems Transformation

Consortium

High EnergyMagnetic Pulse

Home EnergyManagement System

Heavy Goods Vehicle

Heat Pump

132 kV and above

High Voltage Direct Current

Inverter Based Resource

Inter Connector

International Electrotechnical Commission

Institute of Electrical and Electronics Engineers

Institute of Engineering Technolgy

International Organization for Standardization

Internet Service Provider

kilo Watt

kilo Watt hour

Low Carbon Technology

Low Frequency Demand Disconnection

240V single phase to 11kV three-phase

33-132 kV

Mega Watt

National Electricity Market (Australia)

North American Electric Reliability Council

Alternating Current
After Diversity Maximum Demand
Australian EnergyMarket Operator
Accelerated Lossof Mains Change Program
Active Network Management
BusinessAs Usual
Dept for Business,Energy& Industrial Strategy
Building EnergyManagement System
Battery EnergyStorage System
Battery Management System
BlackStart
British Standards Institute
Combined Charging System
Conservation Voltage Reduction
Charge Point
Distributed EnergyResource
Direct Current
Data Communications Company
Distributed Denial of Service
Distributed Generation
Distributed Photo Voltaic
Demand Side response
Distribution Network
Distribution Network Operator
Distribution SystemOperator
Energy Networks Association
ElectricPower ResearchInstitute
Energy Smart Appliance
Energy SystemsCatapult
Energy SystemsIntegration Group
ElectricVehicle
ElectricVehicle Charging
ElectricVehicle ServiceEquipment

NPL

NGESO

OBCM

OEM 
OFGEM

OVLO

PAS

PLL

PU

PV

REV

RIIO

RoCoF

SCL

SPEN

SSO
SSTI

ToU

TSO 

TN

TWh

UKPN

UL

UPS

UVLO

V2G

V2X

VPP

VS

WAN
WPD

National Physical Laboratory

National Grid Electricity System Operator

On Board Charger Module

Original Equipment Manufacturer

Office of Gas and Electricity Markets

Over-Voltage Lock Out

Publicly Available Standard

Phase Locked Loop

Per Unit

Photo Voltaic

Resilient EV charging project

Revenue = Incentives + Innovation + Outputs

Rate of Change of Frequency

Short Circuit Level

SP Energy Networks

Sub Synchronous Oscillation

Sun Synchronous Torsional Interaction

Time of Use

Transmission System Operator

Transmission Network

Tera Watt hour

UK Power Networks

Underwriters Laboratories

Uninterpretable Power Supply

Under-Voltage Lock Out

Vehicle to Grid

Vehicle to X (X = Building, Home, Load, Grid)

Virtual Power Plant

Vector shift

Wide Area Network

Western Power Distribution

2
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Company Overview
SYGENSYS

This report highlights a wide range of potential issues, 

which working together we can address and enable 

EV charging and V2G to activity support grid resilience.

Sygensys is a start-up developing demand management and energy

storage system solutions to allow effective use of renewable energy

sources. Our vision is to leverage the incredible potential of bi-directional

power flow from electric vehicles and battery energy storage systems to

help balance electricity supply and demand, both on public grids and local

microgrids.

Our solutions will provide a secure supply to domestic and industrial

consumers even when electricity systems are hit by storm damage,

equipment failure or cyber-attack.

Sygensys is developing patented technology to enhance the performance of

Electric Vehicle (EV) charging and Vehicle to Grid (V2G) technology

improving grid resilience. We are working with a wide range of collaborators

including grid operators, regulators, end users and semiconductor vendors

to bring these innovative solutions to market.

Through Project REV, and other collaborative R&D activity, we will enable

resilient demand side response, to provide reliable stability services which

grid operators can depend on to balance the 100% renewable energy

Green-Age Grid1.

1) Power Converters: A Growing Challenge to Grid Stability?

https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9447262


FUTURE

Identify Prepare Detect Adapt Recover
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Core Functions of Resilience

Project 

REV

RESILIENT EV CHARGING: REV - Introductions

Project Resilient Electric Vehicle Charging (REV) is analysing the

potential future impact of Electric Vehicle (EV) charging on electricity

grid short term (1 cycle to 10 seconds) frequency and voltage stability,

and cascade fault prevention and recovery.

This mid-project WP1 report aims to identify, and raise awareness of,

the emerging risks as electrification of transport increases. An

individual charger, typically 7kW, has a relatively small impact on the

grid. The analysis focuses on events which would cause a change in

multiple chargers at the same time and/or in a local area and the

impact on electricity system operations.

This project does not concentrate on the benefits of time-shifting of

demand, which has been investigated in a number of previous studies.

However, it does investigate the impact of these and other control

systems on short-term grid stability.

We need to prepare now for the mass adoption of EVs by the 2030s.

Further analysis, improved system design and regulatory

enhancements are all required for continued smooth and efficient

running of the electricity supply system.

Introduction to Project REV 
FOREWORD

Project REV concentrates on the Identify phase of the 

grid resilience management process. 

Resilience Framework for electricity energy delivery systems, INL

9

https://resilience.inl.gov/wp-content/uploads/2021/07/21-50152_RF_EEDS_R4.pdf
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A key objective of Project REV is to identify the mechanisms which may impact short term grid

stability and recovery from incidents. This has been undertaken through a series of brainstorming

sessions with input from industry sector experts from organizations including:-

Å Sygensys ïProject lead

Å National Grid ESO (NGESO)

Å Energy System Catapult (ESC)

Å UK Power Networks (UKPN)

Å Electric Power Research Institute (EPRI)

Å National Physical Laboratory (NPL)

We thank all contributors for sharing their knowledge.

This report has been produced by Sygensys based on the input of the brainstorming participants,

but it may not reflect the views of those organizations or the individual participants. It is a mid-

project report and final conclusions may be different to the initial findings presented here.

We would welcome feedback from NGESO on the preliminary findings in this report, as well

as from participants in the EV charging supply chain including vehicle and charge point

designers and manufacturers, operators, aggregators and DNOs.

Analysis Process
Project REV

For any inquiries regarding this document please 

contact: rev@sygensys.com

This publication has been prepared by Sygensys Ltd with the 

specific needs of National Grid ESO in mind. Although other parties 

are mentioned, Sygensys Ltd cannot guarantee the applicability of 

the analysis contained within this publication for the needs of any 

third party and will accept no liability for loss or damage suffered by 

any third party.

Information set forth in this presentation contains forward-looking 

forecasts and scenarios. Although forecasts contained in this 

presentation are based upon what Sygensys Ltd believes are 

reasonable assumptions, there can be no assurance that these 

forecasts will prove to be accurate. Some of the scenarios are used 

as examples of potential extreme cases to illustrate the wide range 

of conceivable outcomes, rather than to highlight the most likely 

outcome.

mailto:rev@sygensys.com?subject=Project%20REV
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The new world of EV 

charging technologies
This section provides an introductory briefing that sets the context for the 
findings of Project REV. Many readers will be familiar with some, but probably not 
all, topics. We hope ascan read at least should find some new and interesting 
content for all readers.

CHAPTER CONTENTS

DEMAND GROWTH
Balancing supply and demand after a fault
How will EV charging change grid behaviour?
Decarbonization of transport
Meeting new demand

NETWORK
Transmission and distribution network constraints
Active network management

EV CHARGING
Smart vs unmanaged EV charging
EV charging system
Energy requirements
Vehicle to grid
Smart control and aggregators
Smart charging communication
On-site coordination
Mass charging sites
Rules and regulations

THE NEED FOR REINFORCEMENT
GB LV network design
Distribution network reinforcement
Rapidly changing nature of loads

SUMMARY
Grid modernisation for EV charging
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Electricity supply from generators and demand by consumers must always be closely balanced.

This is essential to maintain the supply frequency to consumers within regulatory limits.

As demand from consumers varies, the output from generators varies to match, keeping the

system in balance. If there is sudden disruption to that balance, for example the failure of a

generator or HVDC interconnector, balance must be restored quickly.

Response that is too slow, or incorrect, could lead to wide deviations in frequency and ultimately

loss of supply for consumers.

Reliable, cost-effective solutions should be employed to maintain grid balance. The whole

system must be designed to be resilient, for example ensuring that generators can ride though

faults to maintain supply to consumers.

We canôtsimply build enough infrastructure and hold enough reserve capacity to

respond to all possible events. Regulations1 therefore set out a reasonable list of severe

events ("contingencies") for which the lights must stay on.

The case study, right, is based on the most significant GB incident of this type in recent years.

Balancing supply and 

demand after a fault

DEMAND GROWTH

The security and reliability of energy supply has to be 

balanced against the cost of infrastructure and 

generation reserve capacity.

ñA power outage caused interruptions 

to over 1 million consumersô electricity 

supply. Several other services were 

disrupted due to the affected service 

providersô own safety systems or 

problems with their back-up power 

supplies. The rail services were 

particularly affected with more than 

500 services disrupted. 

The security and reliability of energy 

supply is a key consumer outcome for 

the sector, a principal objective for 

Ofgem as the energy regulator, and an 

important consideration for the 

future in an evolving electricity 

system.ò 

9 August 2019 power outage report - OfgemThe sequence of events of Friday 9th August 20191) Security and Quality of Supply Standard

Friday 9 August 2019 

https://www.ofgem.gov.uk/sites/default/files/docs/2020/01/9_august_2019_power_outage_report.pdf
https://www.nationalgrideso.com/document/151061/download
https://www.nationalgrideso.com/industry-information/codes/security-and-quality-supply-standards
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EV charging is a major new type of load on the grid. It uses AC to DC power converter

technology. We can learn from the issues experienced with power converter connected

generation and pre-emptively address potential issues which may occur as a result of mass

adoption of EV charging.

When converter-connected resources were initially used for electricity generation, they were

considered small-scale, providing little power, so little if any risk to grid short-term stability. As

the power provided by these resources has increased, their impact on grid stability has

increased. For example, they were a contributory factor in the August 2019 incident, and they

remain a major concern (as evidenced, for example, in the ALoMCP1 programme).

Although EV charging and V2G is at a small scale currently, based on the previous experience

and forecast growth, we should anticipate a range of challenges which may include:-

Å Changing grid transient behaviour

Å New types of failure mode

Å Modelling and analysis challenges

Å The need for updates to related regulations

Å Difficulty deploying remedial updates to installed devices

All these challenges will need addressing in the years ahead.

How will EV charging 

change grid behaviour ?

DEMAND GROWTH

New load types will impact grid stability; now is the 

time to act, rather than waiting until we have a large 

installed base of EV chargers and V2G.

ñEvenwith a requirement to maintain an EV charger in operation for some dip

conditions, few works in the literature cover the impact of voltage dips in the type

of equipment. The impact of the tripping of EV chargers in the grid is discussed

in [19]. The main conclusion of [19] is that the tripping of EV chargers could

result in the loss of a significant proportion of the total load, which could

lead to unacceptable high voltages in the distribution feeders.ò

1). ALoMCP programme

Impact of Electric Vehicle Charging on The Power Grid

[19] S. Kundu and I. A. Hiskens, "Overvoltages due to synchronous tripping of 

plug-in electric vehicle chargers following voltage dips," IEEE Transaction on 

Power Delivery, vol. 29, no. 3, pp. 1147-1156, June 2014.

https://www.ena-eng.org/alomcp/
https://ltu.diva-portal.org/smash/get/diva2:1530550/FULLTEXT02.pdf
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ñTheUK has committed to Net-Zero carbon emissions by 2050.

Transport is currently the largest emitting sector of the UK

economy, responsible for 27% of total UK greenhouse gas

emissions. Over half the UKôstransport emissions (55%) come

from cars.ò¹

In 2020 the government announced a historic step towards

net-zero with ending the sale of new petrol and diesel cars by

2030. Then in 2021 they have confirmed a pledge for zero

emissions HGVs by 2040. This will further accelerate the adoption

of electric vehicles.

To support increasing transport electrification, the government will

mandate electric vehicle charging for new building developments.

The Future Energy Scenarios report² published by National Grid

ESO in 2021 indicates that there could be over 30 million electric

cars on the road in the late 2030s. Demand from vans, buses and a

wide range of other electric vehicles will be additional to this.

Decarbonization of Transport
DEMAND GROWTH
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1). Electric vehicles and infrastructure, December 2021, House of Commons Library

2). Future Energy Scenarios

Number of Battery Electric Cars on the road
Future Energy Scenarios, July 2021, National Grid ESO

https://researchbriefings.files.parliament.uk/documents/CBP-7480/CBP-7480.pdf
https://www.nationalgrideso.com/document/199871/download
https://www.nationalgrideso.com/document/199871/download


Graph of historic total generation 1950 to 2020https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1005772/Electricity_since_1920.xls
And forecast 2021 to 2050 from FESSystem Demand: Total Consumer Transformation Future Energy Scenarios, July 2021, National Grid ESO
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As we decarbonize the economy, other loads, alongside EV charging, will also

increase significantly. For example, the government is promoting the

decarbonization of heating1, encouraging the use of electrically-powered heat

pumps. This will have a major impact on the demand for electricity.

Forecasts for the GB grid show that total energy demand may more than double

from 300 TWh to over 700 TWh between now and 2050.

In terms of TWh/yr, this would be even faster than the previous fastest rate of

change2 of demand that was seen during the build-out of the transmission system

in the 1950s.

This is a new challenge for transmission and distribution grid owners

and operators, where demand has been relatively stable for the last 30 years. The

challenge is not just due to the impact on energy requirements, but also because

of the impact on the techniques required for management to ensure grid stability.

Substantial new investment in generation capacity will be required, together with

energy storage technologies which offer the possibility of smoothing out peaks in

supply and demand.

Meeting new demand
DEMAND GROWTH

The increasing demand from EVs, and other loads, is 

the largest in decades. We need to address the 

challenges to reap the benefits of decarbonization.

Growth in demand on the GB grid

1). Plan to drive down the cost of clean heat

2). Historical electricity data: 1920 to 2020

RESILIENT EV CHARGING: REV ïThe new world of EV charging technologies

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1005772/Electricity_since_1920.xls
https://www.nationalgrideso.com/document/199871/download
https://www.gov.uk/government/news/plan-to-drive-down-the-cost-of-clean-heat
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1005772/Electricity_since_1920.xls


Some part of the GB transmission grid have spare capacity. The size of which varies

through the day. This can support expanded demand and provides resilience in the

event of faults. However, in many areas the availability of appropriate connection

capacity is already a major limiting factor to the adoption of low carbon technologies.

For example, the timescale and cost of connection is a major issue in deciding on the

siting of wind farms and of public EV charge points.

As both generation and demand increases, network constraints will need to be

addressed by significant investment in additional transmission and distribution

capacity. This system reinforcement has major cost and timescale implications as GB

moves to decarbonize the economy.

DNOs have developed plans in RIIO-ED21 to increase distribution capacity to match

increasing demand. This includes conventional network reinforcement via increasing

physical infrastructure capacity, however this is an expensive and time-consuming

process.

Complementary solutions are being deployed supporting Ofgemôsvision2 for a

secure, affordable, net-zero system where all connected resources can flexibly

respond to available energy and network capacity.

Transmission and distribution 

network constraints

NETWORK

16

System reinforcement is not a quick or cheap fix; we 

need to consider regulatory and market design 

approaches to exploit existing surplus capacity.

1). RIIO-ED2 business plans: DNOs confirm billions to support óprofoundchangeô

2).Ofgemôsvision for full chain flexibility

Operability Strategy Report 2022 

ïneed to know

Some boundaries see

peak power flows 400%

greater than existing

capabilities by 2030

400%

RESILIENT EV CHARGING: REV ïThe new world of EV charging technologies

https://www.current-news.co.uk/news/riio-ed2-business-plans-dnos-announces-billions-to-support-profound-change
https://www.ofgem.gov.uk/energy-policy-and-regulation/policy-and-regulatory-programmes/full-chain-flexibility
../ESO%20Review/Operability%20Strategy%20Report%202022%20–%20need%20to%20know


ANM curtailment reports, WPD

ñWehave and are continually rolling out Active Network Management (ANM) in

areas of our network with limited capacity headroom which would otherwise

necessitate significant reinforcement works. ANM negates the need for most of

these reinforcement works or where still necessary, facilitate connections prior to

the completion of the reinforcement works, which can sometimes take several

years. The ANM schemes work on the basis that the distributed control systems

continually monitor limits on the network and then allocate the maximum amount

of available capacity to customers in that area based on the date their application

was submitted.ò

ñThelast mile of the distribution network has previously been all but invisible but

companies can no longer afford to have the low-voltage network as a data blind-

spot. The rapid growth in disruptive technologies such as microgrids, energy

storage and electric vehicles, alongside the increased use of renewables and

distributed energy resources is having a major impact on energy network

management.ò

Low voltage Gridkeyoverview, Lucy Electrical

As an alternative to system reinforcement, with the associated costs and timescales,

Active Network Management (ANM) is being employed. With ANM, the availability of

network capacity for some users is varied over time to fit within the constraints of

network assets. Adoption of ANM will either delay the need or reduce the scale and cost

of the required distribution grid reinforcement.

DNOs are applying the strategy of ñFlexibilityfirstò1 ahead of reinforcement. Currently

this is typically used to manage export overloads from embedded generation.

ANM introduces new control systems for actively controlling power transfer to remain

within network constraints. It helps the network run near full capacity while

simultaneously reducing the risk of equipment damage due to overloads.

As EV charging and V2G grow, DNOs are planning2 to use ANM to manage loads on

the distribution infrastructure. This will take ANM schemes into the territory of domestic

customers.

These systems need to be resilient, continuing to enable constraint management

and avoiding overloading infrastructure, even during and after fault conditions.

This requirement for resilience includes the flexible generation and loads that are being

controlled by ANM, which will include V2G and EV charging.

Active Network Management
NETWORK

17

DNOs already consider the intrinsic value of flexibility of 

demand and generation; we need to ensure that such 

assets can be reliably flexed in a predictable manner.

1). Delivering a Flexibility First Approach

2). LV Connect and Manage

RESILIENT EV CHARGING: REV ïThe new world of EV charging technologies

https://www.westernpower.co.uk/anm-curtailment-reports
https://www.lucyelectric.com/solutions/low-voltage-monitoring-analytics/
https://yourpowerfuture.westernpower.co.uk/delivering-a-flexibility-first-approach
https://www.westernpower.co.uk/projects/lv-connect-and-manage
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When an EV is connected to the supply, just like a mobile phone, it would normally

start charging immediately and only stop when fully charged. Smart charging

modifies this behaviour, controlling the timing of the charging.

Smart charging can be a benefit to the consumer as it can lower the cost of

charging. Suppliers may provide a lower tariff at some times of day, encouraging

time-shifting of demand. This provides a benefit to grid operators by moving some

demand away from peak times. Smart charging can help reduce the need for

grid reinforcements or shift demand to a time when generation is lower

cost. For example, by shifting demand from evening peak time to over night,

when other sources of demand tend to be lower.

Smart charging can also be used to optimize energy flow in the home. Consumers

may choose to charge using power from home PV solar generation, in preference

to supply from the grid. This provides an economic benefit where the price paid

for import from the grid is higher than the price received from export to the grid.

Smart charging may also be used to address constraints in the system, for

example sequentially charging vehicles in a carpark to limit the peak demand to

match the supply rating for the site.

Smart vs unmanaged EV 

charging

EV CHARGING

Smart Charging of EVs can mitigate upgrade needs for 

network and peak generation capacities.

RESILIENT EV CHARGING: REV ïThe new world of EV charging technologies

Mid 2030s forecast showing the potential for 

smart charging to reduce daily peak demand

0

20

40

60

80

100

120

D
e
m

a
n

d
 (

G
W

)

Time of day (hour)

Demand excluding EV Demand with unmanaged EV charging Demand with EV smart charging



AC
Grid EVSE OBCM

AC to DC

conversion

Battery

Pack

Signaling Signaling Signaling

DC

AC AC

B
M
S

3 Phase

ACGrid EVSE +

AC to DC

Conversion

OBCM

AC to DC

conversion

Battery

Pack

Signaling SignalingSignaling

DCDC

B
M
S

19

EV charging (EVC) is the process of taking energy from the grid and 

storing it in the EV battery. The EV charging system must convert the 

AC from the grid into DC for the battery, control the amount of power 

transfer and ensure the safety of consumers.

The most common form of EV charging in GB is domestic AC 

charging, where AC power is supplied to the vehicle via a ChargePoint 

otherwise known as an EV Service Equipment (EVSE). The EVSE 

helps ensure safety of the charging process and includes multiple 

forms of protection. The vehicle uses an On-Board Charger Module 

(OBCM) to convert AC to DC to charge the battery. The OBCMs in 

current vehicle models are typically 32A 7kw single phase, but 

some can support up to 22kW or more when connected to a 3-phase 

AC supply.

For faster charging an off-board, forecourt power converter can be 

used. This bypasses the OBCM power converter, supplying DC direct 

to the battery, with typical power being in the range 50 ï350 kW.

Domestic and public charging systems can often be controlled by 

phone apps via the cloud. Publicly accessible ChargePoints include 

systems to authorise charging and bill for the service, for example 

using contactless cards.

EV Charging System
EV CHARGING

Electric Vehicle

Electric Vehicle

EV charging includes a range of peak capacities, with 

many control options; it is important that modelling 

and mitigations consider this lack of homogeneity.

RESILIENT EV CHARGING: REV ïThe new world of EV charging technologies

7kW domestic single phase AC charging

50kW to 350kW forecourt DC charging
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The amount of energy required to charge an EV depends on factors such as the

type of vehicle, distance travelled and speed of driving. In the UK a typical

private EV car may travel 3 miles per kWh and consume approximately

2,500 kWh per year compared to 3,800 kWh1 per year for a typical home.

Cold or wet weather has a signific impact, increasing EV energy demand for

vehicle heating, aircon and lighting. Winter consumption is typically 30% above

average placing additional demand on the grid at the same time of year as

electric space heating by heat pumps.

A short power interruption can significantly disrupt the charging process. Some

EVSE require manual reset or credit card reauthorization to restart the charging

process.

An EV stores energy in its battery, so unlike most electrical devices the vehicle

can be used during longer power cut. Obviously however, a power cut will

prevent charging, in the same way that a power cut prevents forecourt pumping

of fossil fuel.

If the power outage lasts for a significant time, say a day or more, there will be

considerable extra demand when power is restored to recharge the depleted EV

batteries. This can lead to increased load on the grid when power is restored.

Energy requirements

The normal seasonal, and post -fault -recovery, energy 

profile of the GB grid will evolve significantly with EV 

mass adoption.

Based on a profile for a stock of 180,000 EVs, and 2017 temperature profile.  EV Charging Behavioural Study, Element Energy
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EV CHARGING

1) Review of the average annual domestic gas and electricity consumption levels 

Seasonal variation in energy requirement for EV charging 

http://www.element-energy.co.uk/wordpress/wp-content/uploads/2019/04/20190329-NG-EV-CHARGING-BEHAVIOUR-STUDY-FINAL-REPORT-V1-EXTERNAL.pdf























































































































