
ELECTRIC  
VEHICLE SMART 
CHARGING
THE KEY TO A RENEWABLE AND  
STABLE GRID

E C O S 



2

SUMMARY
Electric vehicles (EVs) not only help decarbonise the transport 
sector, improve air quality and reduce noise, but they also 
offer a high potential to keep the electric grid stable and 
allow a rapid integration of renewable energy sources. 
However, as the number of EVs is expected to increase in 
the coming years, this potential will materialise only if the 
grid is properly managed. 

“Smart charging” is the adaptation of EV charging to both 
user preferences and the conditions of the power system,  
as a way to cut peak load through flexible behaviour, reduce 
renewable energy curtailment and allow higher shares  
of renewable energy. It also reduces the need for expensive 
grid reinforcement and additional stationary batteries.

The uptake of smart charging is currently faced with barriers  
at both political and technical level. Firstly, policies themselves 
are in need of an update to support a growing number of 
EVs and the accompanying infrastructure. Furthermore, smart 
charging technology has initially been developed through 
pilot projects, which resulted in a series of proprietary solutions. 
Efforts to standardise smart charging at international and 
European level aim to achieve an interoperable, seamless 
and secure system. However, since only few of the standards 
underpinning smart charging are ready, it is unlikely that 
the maturity of these standards will keep pace with the uptake 
of EVs.

To support the uptake of electromobility and in the context of the revision of the Alternative Fuels 
Infrastructure Directive, ECOS urges the European Commission to :

  1.  Proceed with the swift development and implementation of standards that 
support EU regulatory requirements for smart charging. 

    The European Commission should support technical requirements for a smart 
charging system with the swift development of appropriate international  
and European standards. This can be done through a Standardisation Request 
and, until appropriate standards are developed, the European Commission 
should consider the inclusion of transitional methods.

  2.  Create incentives for public or semi-public parking lot distribution systems to 
enhance smart charging.

    Policies should enable and encourage smart charging to take place in public  
or semi-public infrastructures, such as parking lots. Parking lot operators must 
be required to remain neutral and non-discriminatory to any party willing to 
deliver e-mobility services at the parking lot. In return, the parking lot operator 
can be compensated for the service in a way similar to any other grid operator.

  3.  Ensure grid stability in EV charging.
    Policies should ensure that the power inverters involved in EV charging will not 

actively destabilise the grid.

  4.  Require access to EV data to allow smart charging independently from EV 
manufacturers.

    In order to enable EV users to exploit the smart charging potential, policies should 
require that all EV manufacturers provide enough open documentation and access 
to the cars charging control (for example via an onboard diagnostics interface). 
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The potential and challenges of 

A HIGHER EV UPTAKE

1  Europe’s total electricity consumption by electric vehicles will increase from approximately 0.03 % in 2014 to 9.5 % in 2050. EEA

Electric vehicles are key in the transition to a zero-carbon 
transport and energy system. They not only provide several 
advantages over conventional transport, such as lower 
greenhouse gas emissions, reduced dependence on fossil fuel 
imports, improved local air quality and reduced noise, but 
they also offer a high potential for grid balancing services 
and rapid integration of high shares of renewable electricity. 

It is estimated that the demand for passenger EVs will grow 
rapidly, with around 23 % of road transport vehicles 
switching to electric in 2030, according to the International 
Energy Agency (2018). In 2018, EU Member States and the 
European Parliament agreed on a new set of limits on the 
average CO2 emissions for new passenger cars and vans, in 
order to incentivise the supply of zero- and low-emission 
vehicles. Besides, city bans on petrol and diesel, as well as 
motor vehicle manufacturers announcing new electric 
models, make it even more likely that EVs will be cheaper 
and more common on our roads.

The charging of such a high number of EVs will have an impact 
on the electric grid if left unmanaged, even though the 
increase in electricity consumption will not be dramatic 1. Above 
a certain level of market uptake and with their high-power 
profiles, EVs risk creating a local grid congestion, including 
the potential triggering of local protection devices due to  
a power line overload. This means that, if poorly designed, 
EVs will operate in an inadequate electric management system.

Yet, if we recognise EV batteries as electricity storage 
devices, their distribution and their flexibility potential will 
represent an opportunity to secure the stability of the grid 
and to rapidly integrate higher shares of renewable energy. 
To exploit this potential, EV charging needs to be done  
in a smart way and allow the integration of electromobility 
into the electricity system. 



S M A R T  C H A R G I N G  E X P L A I N E D

Thanks to smart charging, 
your electric vehicle can:

Store your locally-produced 
renewable energy and provide 
back-up electricity

Interact with your smart home 
and appliances

SMART MANAGEMENT 
OF THE GRID

Power the grid when there is a lack 
of renewable energy supply

Keep the grid stable by balancing 
supply and demand

Charge when there is excess 
renewable energy supply

SUPPLY DEMAND

SMART STORAGE

Smart charging enables
your electric vehicle to:
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WHAT IS SMART CHARGING ?
One way to address the challenges posed by the EV uptake 
is the use of “smart charging”. It is the adaptation of EV 
charging cycles to both user preferences and the conditions 
of the power system. It has the potential to cut peak load 

through flexible behaviour, reduce renewable energy 
curtailment and allow higher shares of renewable energy, while 
also reducing the need for expensive grid reinforcement and 
additional stationary batteries. 
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The term “smart charging” (SC) is used in many different 
scenarios, which differ in their technical aspects, their 
application and intended objectives. Smart charging involves 
different actors of the power system, including the EV and 

its battery, the EV user, the building and the power grid, 
and requires that the charging cycles adapt to the needs of 
these actors. 

Our vision for smart charging is presented below :

  1.  Smart charging driven by the needs of a grid operator or a service provider :
    (SC.1) Managed charging : Smart grid actors control the charging process by 

adjusting the rate of charging when there is a surplus or a lack of renewable 
energy supply or (local) grid capacity. 

    (SC.2) Managed discharging : Smart grid actors control the vehicle-to-grid discharging 
capabilities and thereby return some of the stored electricity back to the grid. 
The goal of this operation is to provide the energy market with grid services.

  2.  Smart charging driven by the needs of the building or EV owner :
    (SC.3) Managed home charging : The EV owner wants to manage the charging 

process to optimise the power flow and help satisfy the constrains of the local 
grid of the premises. This needs interaction with the local customer energy 
management system.

    (SC.4) Energy storage operation : Vehicle-to-home/-building, where vehicles act as 
an electrical storage for the home (charging and discharging) in order to increase 
the usage of cheap locally produced renewable energy. This needs interaction with 
the customer energy management systems of the home or building.

    (SC.5) Emergency power supply : If the vehicle-to-home service can be provided 
with grid forming capabilities then the EV can provide emergency power in 
case of natural disasters, during planned power outages or in off-grid leisure 
or work applications.
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Does policy support 

SMART CHARGING?

2  European Commission’s Sustainable Transport Forum, Report “Analysis of stakeholder views on key policy needs and options for action in Alternative Fuels 
Infrastructure deployment and consumer services”

3  Transport and Environment, Recharge EU Study, January 2020

4  Following the adoption of the AFI Directive, the European Commission decided to create the Sustainable Transport Forum which gathers Member States and  
32 alternative fuels industry experts, with the support of ad-hoc experts (including ECOS). Its main goal is to assist the Commission in implementing the Union’s 
activities and programmes aimed at fostering the deployment of alternative fuels infrastructure to contribute to the European Union energy and climate goals

Although the increase in the number of EVs on the market  
is evident, as well as their impact on the grid, smart charging 
services are still limited due to barriers posed by European 
policies, as well as international and European standards.

The EU has taken important steps in support of flexible 
behaviour with the Clean Energy Package (i.e. the recent 
recast of the Electricity Market Directive 2019/44), which 
aimed at removing barriers on the side of electricity 
markets, for example by fully enabling non-discriminatory 
access of aggregated loads to all wholesale and ancillary 
markets, enabling DSOs to actively manage their grids and 
purchase flexibility 2. However, more progress on smart 
charging needs to be made in other EU policies, such as 
the Alternative Fuel Infrastructure Directive (AFI Directive, 
2014/94/EU), that is expected to be revised in 2020.

In its current form, the AFI Directive fails to reflect the current 
number of EVs on the roads, or future trends of EV market 
uptake. As a result, public and semi-public infrastructure is 

currently not suitable to allow higher shares of electric 
vehicles 3. The smart charging potential of the infrastructures 
covered by the AFI Directive, e.g. commercial buildings and 
parking lots, is therefore not exploited. A similar situation is 
observed in the case of policies targeting buildings : the 
recent recast of the Energy Performance of Buildings Directive 
(2018/844/EU) (EPBD) contains no obligation for charging 
points to be capable of “smart charging”, although most of 
the smart charging potential lies with private buildings.

Despite these policy barriers, European decision-makers seem 
keen to exploit the tremendous potential of smart charging. 
In 2019, the European Commission’s Sustainable Transport 
Forum 4 showed its interest in the topic by consulting different 
stakeholders on smart charging in public and semi-public 
infrastructure in the context of the upcoming revision of 
the Alternative Fuel Infrastructure Directive.

https://ec.europa.eu/transport/sites/transport/files/2019-stf-consultation-analysis.pdf
https://ec.europa.eu/transport/sites/transport/files/2019-stf-consultation-analysis.pdf
https://www.transportenvironment.org/sites/te/files/publications/01%202020%20Draft%20TE%20Infrastructure%20Report%20Final.pdf
https://ec.europa.eu/energy/en/topics/energy-strategy/clean-energy-all-europeans


Code Title Application Development

IEC 61851 Electric Vehicle Conductive Charging 
System

Safety requirements for charging with 
plugs and cables (AC or DC) and  
the basic communication between 
the charging station and the EV

Published

ISO 15118-2 Road vehicles — Vehicle to grid 
communication interface

Detailed communication between an 
EV (battery EV or a plug-in hybrid EV) 
and a charging station

Currently under 
review

ISO 15118-20 Road vehicles — Vehicle to grid 
communication interface –  
Part 20 : 2nd generation network and 
application protocol requirements

High-level communication between  
a charging station and an EV for the 
control of charging services

To be published  
at the end of 2020

IEC 63110 Management of Electric Vehicles 
charging and discharging 
infrastructures

Remote management of charging 
stations by charging station operators 
and their integration with energy 
management systems

To be published  
in mid-2021

IEC 63119 Charging Service Providers Roaming and payment in the context 
of EV charging services

To be published  
in 2022

EN 50549 Requirements for generating  
plants to be connected in parallel 
with distribution networks

Definition of technical requirements 
for the protection functions and the 
operational capabilities for generating 
plants

Published

EN 50491-12-2 Smart Grid interface and framework 
for Customer Energy Management

Management of power flows inside 
buildings, including exchanges with 
EV charging

To be published  
in 2021
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Smart charging standards : 

OVERVIEW AND CURRENT STATUS
Beyond policy, the uptake of smart charging also faces 
obstacles due to the fact that international standards and 
communication protocols are not yet fully developed. 

In fact, standardisation efforts to support electromobility have 
historically focused on traditional electrotechnical issues, 
such as plugs, outlets and electrical safety. However, in order 
to ensure compatibility and communication between charging 

points, electricity distribution networks and electric vehicles, 
appropriate communication interfaces and data models also 
need to be standardised. Standardisation is therefore essential 
to allow an effective integration of electric vehicles into the 
smart grid and solve vendor lock-in by proprietary solutions. 

An overview of the existing standards is provided in the 
table below :

The creation of an ICT link between EVs and energy markets 
to allow smart behaviour has been, so far, primarily developed 
as pilot projects outside of the standardisation system. This 
siloed approach led to fragmented and proprietary solutions, 
which is one of the reasons why standardisation efforts  
in EV communication protocols are progressing at such a 
slow pace. 

To overcome this, many new standards are developed or 
revised within international and European standardisation 

organisations, such as the International Electrotechnical 
Commission (IEC), International Organisation for 
Standardisation (ISO) and the European body CENELEC.  
The support for all smart charging scenarios is a key goal 
for all the ongoing efforts, even though they are still  
at an early stage of development, and it is too early in the 
process to draw any firm conclusion as to whether or when 
their goal will be met.
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Currently, the most mature standard for electromobility is 
IEC 61851 on “Electric Vehicle Technologies”. It defines safety 
rules for charging with plugs and cables (AC or DC) and  
the necessary low-level communication between the charging 
station and the EV. The mandatory safety “PWM-Signal”  
can be used to implement a trivial form of the “Managed 
(home) charging” scenarios (SC.1 and SC.3). However, 
discharging (bidirectional power flow) cannot be achieved 
with the IEC 61851 technology.

Used as a layer on top of IEC 61851, the international standard 
ISO 15118 on “Road vehicles — Vehicle to grid communication 
interface” defines a high-level communication between  
a charging station and an EV for the control of charging 
services. Early EVs are using the first edition of ISO 15118-2 
with the view to enable direct current (DC) fast charging. 
However, due to technical issues resulting from overcomplexity 
within ISO 15118-2, none of the smart charging scenarios 
can be satisfied reliably. For that purpose, the revision of 
this standard has already been launched.

The new standard, known as ISO 15118-20 “2nd generation 
network and application protocol requirements”, was written 
to enable all smart charging scenarios mentioned above. 
However, the first publication of ISO 15118-20 is expected 
for the end of 2020 and the full set of testing specifications 
and compliant products should not be expected prior to 
2023 to 2025. 

Once published, the ISO 15118-20 will deliver the following 
important new features for smart charging :

    Precise time synchronisation between charging 
station and EVs (essential for all SC scenarios)

    Multiplexed communication capabilities (helpful  
for all SC scenarios)

    Dynamic control mode (helpful for SC.1 to SC.4)

    Bidirectional power flow (essential for SC.2, SC.3  
and SC.5)

     Support for grid code-compliant operation  
(essential for all SC scenarios)

     Support for “grid forming” generator behaviour 
(essential for SC.5)

To cover the remainder of charging infrastructure, another 
standardisation project, IEC 63110 “Charging Station 
Management”, was launched in 2017. The goal is to define 
the remote management of charging stations by their 
operators and the integration with energy management 
systems. Moreover, IEC 63119 “Charging Service Providers” 
will be the international standard for roaming and payment 
in the context of EV charging services. 

It is also worth mentioning that IEC 61850 “Communication 
networks and systems for power utility automation” is  
a well-established standard for the management of smart 
grid assets by grid operators. Although one part of the standard 
defines EV charging (IEC 61850-90-8), these specifications 
are not used and are not aligned with recent developments 
in the context of EV charging. It is unclear if or how this 
standard will interact with EV charging solutions. The planned 
alignment with the work on IEC 63110 was cancelled in late 
2019 and the future of IEC 61850-90-8 remains undetermined.

At the European level, the standard EN 50549 is a recently 
revised standard with requirements for generating plants  
to be connected in parallel with distribution networks. Most 
countries seem to agree that it also applies to EVs in all 
scenarios where they discharge back into the grid. But so far 
EN 50549 does not cover adjustable loads (i.e. EVs that are 
just charging) and therefore the mandatory grid stability 
requirements are not implemented by EV manufacturers inside 
the power inverters of today’s EVs or the charging stations. 
Within the same family, the standard CLC EN 50491-12 “Smart 
grid interface” is currently under development to define  
the core principles (control types) for the energy management 
inside buildings and will include also alignment with EV 
charging standards. 

Finally, it should be kept in mind that alternatives to official 
standards also exist on the market. These include, for 
instance, open protocols (such as OCPP or OpenEMS) which 
are often industry-driven initiatives that help overcome 
some limitations given by international standards, such as 
the possibility to get a faster update. However, these 
alternatives to standards are constrained by a low level of 
communication capabilities of the electric vehicle itself.
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CONCLUSIONS 
and recommendations
Smart charging aims at maximising the flexibility the EV owners 
can provide to the grid. As shown in this briefing, policy  
and technical barriers persist, making it impossible to unlock 

the potential of smart charging. In order to overcome those 
barriers, ECOS proposes to :

  1.  Proceed with the swift development and implementation of standards that support 
EU regulatory requirements for smart charging. 

  In the context of the revision of the AFI Directive, we urge the European Commission 
to develop minimum technical requirements for smart charging and to support these 
requirements with appropriate and tested standards. By issuing a Standardisation 
Request to European Standardisation Organisations, the European Commission would 
steer the standardisation work in the direction of the minimum technical requirements 
set in the AFI Directive, enabling the development of timely standards. 

 2.  Create incentives for public or semi-public parking lot distribution systems. 
  Unlike conventional fuelling of internal combustion engine vehicles, smart charging 

will need a behavioural change related to the time needed to recharge our vehicles. 

  While this will not impact the EV charging in private spaces (workplace parking lots, 
homes), it is in direct conflict with regular business models for operating EV charging 
stations, which have an interest to maximise customer turnover and reduce the overall 
time during which the charging station is in actual use. In order to enable the smart 
charging potential outside the private home, the risk of reimbursement for operating 
charging stations needs to be decoupled from the actual transfer of energy, something 
which is currently the norm in the unbundled energy market for all transmission  
or distribution system operators. 

  Policies should enable and encourage a new type of regulated “parking lot distribution 
system” within the normal distribution networks. There is no need for parking lot 
operators to be identical to the upstream distribution system operator, but they 
must be required to remain neutral and non-discriminatory to any party willing to 
deliver e-mobility services at the parking lot. In return, the parking lot operator can 
be compensated for the service in a way similar to any other grid operator.

 3.  Ensure grid stability in EV charging. 
  Policies should ensure that the power inverters involved in EV charging will not actively 

destabilise the grid, by incorrect reaction to voltage or frequency deviations or 
similar physical phenomena of the AC grid. To this purpose, EN 50549 must quickly 
be expanded to explicitly cover “adjustable loads”, while related tests should be 
mandatory for all charging stations and EVs during homologation.

 4.  Require access to EV data to allow smart charging independently from EV manufacturers. 
  In order to enable EV users to exploit the smart charging potential, policies should 

require that all EV manufacturers provide enough open documentation and access 
to the cars charging control (for example via an onboard diagnostics interface). 

  This would, for instance, allow e-mobility service providers and EV users to automatically 
install the necessary contract certificates, or integrate the car into a sophisticated home 
energy management or a fleet management system, even when EV manufacturers are 
not able or willing to support emerging technical standards that enable smart charging.



ECOS is the only environmental organisation 
worldwide specialised in standardisation.
We are an international network of members sharing a vision of a clean and healthy environment where 
people live in respect of the planet and its natural resources, preserving them for future generations.  
ECOS aims to influence the development of ambitious standardisation, legislation and political strategies  
to promote the transition to a clean and circular economy that respects planetary boundaries. 
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processes is highly valued and widely recognised.
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