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EURELECTRIC is the voice of the electricity industry in Europe.  

We speak for more than 3,500 companies in power generation, distribution, and supply. 

We Stand For:  

Carbon-neutral electricity by 2050 

²Ŝ ƘŀǾŜ ŎƻƳƳƛǘǘŜŘ ǘƻ ƳŀƪƛƴƎ 9ǳǊƻǇŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ŎƭŜŀƴŜǊΦ ¢ƻ ŘŜƭƛǾŜǊΣ ǿŜ ƴŜŜŘ ǘƻ ƳŀƪŜ ǳǎŜ ƻŦ all low-carbon technologies: more 
renewables, but also clean coal and gas, and nuclear. Efficient electric technologies in transport and buildings, combined with the 
development of smart grids and a major push in energy efficiency play a key role in reducing fossil fuel consumption and making our 
electricity more sustainable. 

Competitive electricity for our customers 

We support well-functioning, distortion-free energy and carbon markets as the best way to produce electricity and reduce emissions cost-
efficiently. Integrated EU-wide electricity and gas markets are also crucial to offer our customers the full benefits of liberalisation: they 
ensure the best use of generation resources, improve security of supply, allow full EU-wide competition, and increase customer choice.  

Continent-wide electricity through a coherent European approach 

9ǳǊƻǇŜΩǎ ŜƴŜǊƎȅ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƭƭŜƴƎŜǎ Ŏŀƴ ƻƴƭȅ ōŜ ǎƻƭǾŜŘ ōȅ European ς or even global ς policies, not incoherent national measures. 
Such policies should complement, not contradict each other: coherent and integrated approaches reduce costs. This will encourage 
effective investment to ŜƴǎǳǊŜ ŀ ǎǳǎǘŀƛƴŀōƭŜ ŀƴŘ ǊŜƭƛŀōƭŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ŦƻǊ 9ǳǊƻǇŜΩǎ ōǳǎƛƴŜǎǎŜǎ and consumers. 

EURELECTRIC. Electricity for Europe. 



 

 
 

 
 

A EURELECTRIC paper March 2015 
 

This paper presents the potential of smart charging and related benefits for customers, the power 
system and society more generally. Shedding light on industry examples and projects, it concludes by 
outlining key actions to ensure the effective roll-out of smart charging, thus contributing towards the 
implementation of a low-carbon energy system and sustainable transport. This paper addresses EU 
policymakers, regulators, electricity and e-mobility stakeholders, as well as customers. It is divided 
into four main parts:  
 

¶ First, it explains the challenges that increasing numbers of electrical vehicles loads can pose 
for electricity distribution grids.  
 

¶ Second, it shows that by coordinating the charging process, the risk of technical bottlenecks 
can be overcome and investments can be avoided or at least minimised. The flexibility that 
such 'smart charging' can provide will ultimately benefit customers as energy costs are 
reduced and new services are created. Smart charging will also benefit society at large, in 
that it optimises the use of the power system and supports renewables integration.  

 

¶ Third, the paper looks at different examples of how the industry is engaging in smart 
charging ς ranging from using simpler load management techniques to using electric vehicles 
as decentralised storage and spare balancing capacity. In this regard, the paper benefits from 
latest RD&D activities carried out by EURELECTRIC members in Europe.  

 

¶ Finally, the paper sets out seven key recommendations and actions for policymakers, 
regulators and e-mobility industry stakeholders to ensure that smart charging becomes a 
reality in Europe.  

 
The content of this paper is supported by the results of a EURELECTRIC survey on the effects of e-
mobility and smart charging in particular, carried out in autumn 2014 and based on a modelling tool 
developed by Endesa. Respondents from 11 countries participated, including distribution system 
operators, retailers and industry associations.  
 
The main aspects covered by the survey included long-term e-mobility market estimates, smart 
charging trends and active customers, the impact on the distributions grids, as well as power mix 
trends and emissions. The survey questions and results can be found in the annex of this paper.  
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Executive Summary 

The power system is in the midst of transformative change. ¢ƘŜ 9¦Ωǎ short-term 2020 and medium-term 
2030 agenda for emissions reductions, increased renewables penetration and efficiency improvements is 
fostering the development of decentralised generation and electric vehicles (EVs). To integrate the flows of 
the new sources of supply and the new forms of demand, the power system will need to become smarter.    

[ƛƪŜǿƛǎŜΣ ǘƘŜ 9¦Ωǎ ǘǊŀƴǎǇƻǊǘ ǎŜŎǘƻǊ ƛǎ ǳƴŘŜǊƎƻƛƴƎ ǎǳōǎǘŀƴǘƛŀƭ ŎƘŀƴƎŜǎ towards sustainable mobility. 
Transport is responsible for about a quarter of EU emissions and is almost exclusively dependent on oil.  
EVs provide an important part of the solution towards more sustainable transport. They are cleaner, 
quieter and three times more energy efficient than their conventional counterparts.  

As the share of EVs grows, the electricity distribution grids at local level will most likely be first affected. 
Even at low market shares, EVs could easily congest local transformers and disrupt voltage levels. Faced 
with this situation, as networks were designed to meet demand at all times, tƘŜ ǘǊŀŘƛǘƛƻƴŀƭ άŦƛǘ-and-ŦƻǊƎŜǘέ 
approach to distribution network development would imply building more lines and transformers. But this 
approach may no longer be the most cost-effective as it involves high technology adoption costs that might 
be burdening the national power systems and preventing e-mobility from truly hitting the mass market. 

Another solution also exists. In electricity and transport, the key enabler for electric vehicles ƛǎ Ψǎmart 
chargingΩ. Smart charging involves the intelligent charging of the batteries in electric vehicles: charging 
them in a way that avoids excessive and costly spikes in power demand and also ς in the years to come ς 
using the batteries of the cars as storage to deliver valuable services to the electricity system, as well as 
maximising local integration of renewable energy sources (RES).  

Smart charging can deliver numerous benefits for customers, the power systems and society as a whole:   

¶ Customer participation in smart charging is only possible if customers receive clear financial 
benefits that can lead them to play a more active role  

With 90% of the charging estimated to take place at household and workplace locations, it is important 
that smart charging measures are adopted and made available to customers. With smart charging, 
customers will be able to charge their EV at home without having to increase the buildingΩǎ maximum grid 
connection power and thus manage their own load. This reduces the need to reinforce the grid leading to 
lower energy costs. The same argument can also apply for fleets (e.g. corporate fleets) that can benefit 
from advanced pricing models building on the smart charging concept.  

Moreover, customers will be able to save on their energy bill by agreeing to shift their consumption to 
off-peak hours with cheaper electricity tariffs. In doing so, and adding further savings from fuel switching, 
ŎŀǊ ƻǿƴŜǊǎ Ŏŀƴ ōŜƴŜŦƛǘ ŦǊƻƳ ŀ ǊŜŘǳŎǘƛƻƴ ƻŦ но҈ ƛƴ ŀƴ ŜƭŜŎǘǊƛŎ ŎŀǊΩǎ ǘƻǘŀƭ Ŏƻǎǘ ƻŦ ƻǿƴŜǊǎƘƛǇ ό¢/hύ as 
ŎƻƳǇŀǊŜŘ ǘƻ ŀ ŎƻƴǾŜƴǘƛƻƴŀƭ ŦǳŜƭ ŎŀǊΦ ¢ƘŜǎŜ ǎŀǾƛƴƎǎ ŀƭǎƻ Ŝŀǎƛƭȅ ƻǳǘǿŜƛƎƘ ǘƘŜ 9±Ωǎ ƘƛƎƘŜǊ ǇǳǊŎƘŀǎƛƴƎ ǇǊƛŎŜΦ  
To make smart charging attractive for customers, it is important that customers are incentivised and made 
aware of the financial benefits involved. Regulation should also be adapted to support smart charging.    

¶ Smart charging can enable EVs to act as flexible loads and decentralised storage resource that 
can benefit the power system as a whole and minimise or eventually avoid grid reinforcements  

Our analysis shows that even if all the cars on the road today were electric the current electricity system 
could cope with the resulting increase in electricity demand: i.e. a corresponding 802 TWh or 24.3% 
increase in the total demand ς but only if the charging of those cars is carefully managed. Indeed, while 
providing a fully electrified fleet is possible in terms of energy used (kWh), in case of uncoordinated 
charging, EVs could have a huge impact on demand (kW) of electricity at certain times.  
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By coordinating the loads, smart charging can help avoid major overloads while optimising the use of the 
grid and generating capacity. In this way, investments in distribution grids can be minimised by avoiding 
major grid reinforcements. In addition, smart charging can help to tap the significant storage potential of 
EVs - especially at the household level when the whole integration of EVs, storage and solar power system 
is put in place. Indeed, it can enable electric vehicles to be charged when there is surplus renewable 
capacity available e.g. solar at noon and wind at night. In the long-term and mass rollout of EVs, electric 
vehicles could act as distributed storage resource to support power system integration.   

¶ Ultimately, smart charging can deliver important sustainability gains for society at large  

E-mobility brings important societal benefits as it improves energy efficiency, air quality and urban noise, 
and reduces CO2 emissions. As an indication, with a power sector carbon intensity of 330 g CO2/kWh in 
2010, a typical electric car would result in emissions of around 66 g CO2/km, compared to an average of 
126 g CO2/km for new cars in 2013. Electricity as a transport vector is thus an extremely effective way of 
solving the 9¦Ωǎ ǘǊŀƴǎǇƻǊǘ ŜƳƛǎǎƛƻƴǎ ŎƘŀƭƭŜƴƎŜ while ƭƻǿŜǊƛƴƎ ǘƘŜ ŀƴƴǳŀƭ Ŏƻǎǘ ƻŦ ǘƘŜ 9¦Ωǎ ƻƛƭ ƛƳǇƻǊǘ ōƛƭƭ.  
 
The uptake of electric mobility and smart charging is expected to establish a positive loop with renewables 
integration, given that e-mobility is a power-dense, mobile and controllable load. In this regard, smart 
charging could lead to almost decarbonisation of electric transport as less emitting power plants outside 
peak hours are used and more renewable capacity is utilised - achieving in addition annual savings of 
1,863 million EUR as a result of avoided costs on CO2 emissions in 20501.  
 
In addition, the EV potential in terms of reducing energy consumption is also significant. Electric vehicles 
can be three times more energy efficient than conventional cars, with a potential to achieve a net 
reduction of 137 Mtoe (million tons of oil equivalent) per year. Smart charging will help boost these 
values, as it reduces societal costs and benefits the environment, while increasing power system efficiency.  

 

Seven key actions for policymakers and e-mobility stakeholders  

1. Set up supportive policies for e-mobility and smart charging: Provide a stable, supportive 
framework for e-mobility roll-out which has to include, from the outset, supportive measures for 
smart charging.   

2. Incentivise innovative smart charging solutions through smart regulation: Incentivise distribution 
system operators (DSOs) and electric mobility market participants to invest in smart charging 
solutions and services, including innovative grid fees and/or ICT infrastructure financing models, 
depending on the market model in place.   

3. Support the customer who has the right to be informed and empowered: Work on winning 
strategies for the customers through efficient price signals and smart contract based control signals. 
Understand customer behaviour and create awareness of the possibilities to use load management. 

4. Develop innovative smart charging technologies and services: Develop energy and power flow 
management systems that allow for optimal EV charging and most cost-efficient solutions, including 
investments in ICT systems, intelligent charging infrastructure or advanced algorithms for local 
integration with distributed energy sources.   

5. Prioritise demonstration and commercialisation: Private and public actors have to increase 
cooperation to enable the roll-out of large scale demonstration and pilot projects.  

6. Ensure EU-wide interoperability, common standards and efficient exchange of information: Agree 
and develop common interoperable standards (both at physical and ICT layers) and on clear actor 
definitions and roles for smart charging.  

7. Create win-win synergies and exchanges between electricity, automotive and manufacturing sectors: 
The electricity industry should increasingly engage with e-mobility stakeholders in raising awareness 
and developing best practices with a focus on customer opportunities.  

                                                        
1
 Based on 15 ϵ/ton assume in 2050; smart charging results in BEV emissions of 10g CO2/km and PHEVs of 45g/km  
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Introduction  

E-mobility and electric vehicles2 are a great opportunity for the electricity industry. But they can also 
represent a big challenge as they can disrupt the power system in a major way, adding additional peaks to 
the already observed peaks created by variable RES. At the same time, EVs can act as flexible loads and 
decentralised storage resources that can provide additional flexibility to support power system operation.  
 
The answer to the negative and the positive scenario is the same: smart charging, as a way of coordinating 
the charging process according to conditions regarding customerǎΩ preferences, distribution grids 
constraints or local RES availability. Only smart charging helps to avoid major overloads, and lets e-mobility 
contribute to an improved power system.   
 
To optimise mobility and energy use, it is crucial to move towards charging of electric vehicles, as well as 
other electricity loads, in a smart way. An intelligent exchange of information and connecting electric 
vehicles and recharging points with the help of smart meters or other intelligent infrastructure will be 
needed to optimise the system and empower customers with the information they need.     
 
Studies have shown that cars in general, including EVs, are parked for about 90% of their lifetime. This, 
combined with their significant storage capacity and the fact that the battery is usually not fully spent in 
the average daily journey, can make EVs an attractive flexibility solution to supporting system operation. 
There is significant capacity available to be harvested by services enabled through smart charging.  
 
Smart grids could enable electric vehicles to provide flexibility services to the power system in two ways. 
 
First, with load management for electric vehicle charging, the charging process can be controlled by shifting 
the charging period to times of lower demand, reducing or increasing the charging power, or interrupting 
ǘƘŜ ŎƘŀǊƎŜ ƻŦ ǘƘŜ ŎŀǊΩǎ ōŀǘǘŜǊȅ ƛƴ case of emergency situations. The charging can also be scheduled to 
coincide with available RES such as wind or solar, thereby promoting renewables integration.   
 
Second, in the longer term, EVs could bring even greater flexibility to the system by supplying power back 
to the grid or home in a Vehicle-to-Grid (V2G) or Vehicle-to-Home (V2H) scenario.  The cars can be used to 
store excess power from RES and discharge it at times of high demand. Using EVs as decentralised storage 
could be attractive in the long term as the numbers of EVs and renewables continue to grow. This could 
include the full integration of EVs with storage and DERs.  
 
In times of high peak production today loop flows currently upset neighbouring systems. Alternatively 
generation sources are turned off in order to avoid major disturbance. With e-mobility and smart charging, 
in contrast, intelligent load management could take place and an extended integration of loads and 
production systems can be performed.   
 
  

                                                        
2
 Electric vehicles in this report are defined as vehicles that depend on the electricity grid (non plug-in hybrids and fuel 

cells are not included)  
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1. ²Ƙȅ ƴƻǘ Ƨǳǎǘ άŎƻƴƴŜŎǘ ŀƴŘ ŦƻǊƎŜǘέΚ  

 
E-mobility market uptake  
E-mobility provides an important part of the solution to energy and transport challenges. Clean and energy 
efficient vehicles have a key role to play in achieving the EUΩǎ transport policy objectives of reducing energy 
consumption, CO2 emissions, and pollutant emissions. Used smartly, electric vehicles with rechargeable 
batteries play a crucial role in the future electricity system. However, greater links between the transport 
and the electricity sector will be needed to realise this potential.  
 
Current market growth forecasts for EVs still involve a wide degree of uncertainty and depend on a variety 
of factors, including government policies, purchasing costs and ŎǳǎǘƻƳŜǊǎΩ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ōǳȅ ǘƘŜ ƴŜǿ ŎŀǊǎΦ 
According to the EURELECTRIC survey on smart charging and e-mobility carried out for this paper, a 
transition scenario would achieve a 10% electric vehicles share in terms of accumulated market shares in 
2035. This figure is achieved by following ŀƴ ά{-ŎǳǊǾŜέ development of market growth that saturates at 
22% by the same year, representing the limit for market growth in annual sales in 2035.  
 

 
Figure 1: EV market uptake in a transition scenario (%) (theoretical approach S-curve vs exponential curve) 

Source: EURELECTRIC smart charging and e-mobility survey  
 

 
We can expect an uptake of fast growth starting in 2021, possibly because cars with higher battery capacity 
of more than 300 km would by then become available on the market at a cost-ŜŦŦŜŎǘƛǾŜ ƭŜǾŜƭ ƻŦ ϵκƪ²Ƙ. 
Figure 2 and Table 1 show related developments for the e-mobility market uptake under all three scenarios 
(slow, transition, revolution) in terms of both annual market shares and accumulated market shares.  
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Figure 2: EV market uptake in the three scenarios. Upper graph: Annual Market Share (%) and Sales (Million). Lower 
graph: Accumulated Market Share (%) & Sales (Million); Source: EURELECTRIC smart charging and e-mobility survey 

 

EV Mill - % Slow Transition Revolution 

2025 1.9M - 0.8% 3.7M - 1.5% 5.5M - 2.2% 

2035 12.7M - 5% 25.4M - 10% 37.5M -15% 

2050 37.1M - 15% 74.2M - 29% 109.7M - 43% 

 
Table 1: Accumulated Sales (Million) and Market Share (%) 
Source: EURELECTRIC smart charging and e-mobility survey 
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According to estimates a simultaneous development with an equal share of both plug-in hybrids (PHEVs) 
and fully battery electric vehicles (BEVs) could develop by 2035. In comparison to BEVs that only use an 
electric engine and a battery that can be charged from the grid, PHEVs also use an additional conventional 
ŦǳŜƭ ŜƴƎƛƴŜΦ !ƭǘƘƻǳƎƘ tI9±ǎ Ƴŀȅ ƘŀǾŜ ŀ ǎƳŀƭƭŜǊ ōŀǘǘŜǊȅΣ ǘƘŜȅ Řƻ ƴƻǘ ƘŀǾŜ ǘƘŜ άǊŀƴƎŜ ŀƴȄƛŜǘȅέ ŀƴŘ ŎƻǳƭŘ 
drive more km per day on average than BEVs. Nevertheless, PHEVs and BEVs may have different impacts on 
the grid depending on the country, use case or the availability of recharging infrastructure.    

 
Figure 3: Share of accumulated PHEVs & BEVs by 2035 in a transition scenario (% and million); Source: EURELECTRIC 

smart charging and e-mobility survey 

 
The major barriers for e-mobility are currently seen today in the: 
 

¶ cost of battery, ƛƴ ǘŜǊƳǎ ƻŦ ϵκƪ²Ƙ, and therefore the cost of the electric car in general, of which 
the battery represents a significant part (normally not lower than 25%); 

¶ limited electric storage capacity that influences the ŎŀǊΩǎ ǊŀƴƎŜΤ ŀƴŘ   

¶ lack of charging infrastructure, including smart charging business models availability 
 
On the other hand it is evident that fuel costs are very competitive: despite the recent fall in the oil price, 
experts converge that the oil prices will remain volatile and rather increase than decrease in the future. In 
addition, an eventual spike in the price of oil could have even further negative consequences for 
customers.  A higher share of electrification is therefore essential to reducing emissions, oil consumption 
and air pollution thereby leading to a more efficient and sustainable transport and power system.    
 
We also witness promising trends on several of the barriers associated with e-mobility. As for the range, 
there is a positive trend in battery technology, which could see their capacity increase between 36 kWh and 
43 kWh in 2025 in a slow or revolutionary scenario respectively. These figures mean that an average car will 
be able to provide a higher autonomy of more than 300 km, thereby overcoming range anxiety3. The 
battery of an average vehicle is also estimated to achieve an energy density of 287 Wh/kg in 2025. 
 

                                                        
3
 Assumptions based on Nissan Leaf battery of 24kWh with a given manufacturing range of 200 km.   
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At the same time, the costs of batteries, a critical component of the overall cost of a car and range, are 
expected to experience a promising learning curve, with a significant decline in costs in the years to come. 
A battery pack of 39 KWh would see a reduction of 48%, reaching the value of 153 ϵκƪ²Ƙ ƛƴ 2025 in the 
transition scenario. For comparison, estimates from McKinsey expect battery costs to drop to about 173 
ϵ/kWh by 20204, thereby falling between the EURELECTRIC transition and revolutionary scenario.  

 
 

Figure 4: Development of battery costs όϵύ and capacity (kWh) in the three scenarios; Source: EURELECTRIC smart 
charging and e-mobility survey  

 
Overall, lower battery prices will be a key driver for mass-market adoption, as well as mass-market 
adoption can trigger lower battery prices. Battery efficiency and the number of times they can recharge is 
also important. As an example, even if the battery can be recharged 5,000 times (80% state of charge), the 
total amount of km an average EV can drive over its lifetime is higher than current expectations of internal 
combustion engine (ICE) cars5.  
 
As for the argument that EVs are more expensive than ICE cars: it is important to remember that the cost 
structure is very different for both types of vehicles. Indeed the purchase price of an EV can be about 14% 
higher. But customers ƛǘ ƛǎ ŀƭǎƻ ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŀƛǎŜ ŎǳǎǘƻƳŜǊΩǎ ŀǿŀǊŜƴŜǎǎ that the totaƭ Ŏƻǎǘ ƻǾŜǊ ŀ ŎŀǊΩǎ 
lifespan could be around 23% less expensive due to energy cost savings, but also lower maintenance costs. 
On our findings, the major saving is due to the energy cost which is three times lower as oil is substituted 
with electricity (see Chapter 3a)). Real price parity of EVs and ICEs is expected for 2020. If battery prices 
decrease the EV can either become more affordable or have an extended range, both of which can then 
have an even stronger impact on the total cost of ownership comparison of EVs to ICE cars.   
 

                                                        
4
 https://handlemanpost.wordpress.com/2013/12/24/cost-projections-for-lithium-ion-batteries/. Convergence 

dollar/euro at 1 EUR = 1.15462 USD, January 2015  
5
 Assuming a battery of 25 kWh and efficiency of 5 km/kWh  
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Regarding the last challenge, the electricity industry is actively engaging with other private and public 
stakeholders to promote the necessary charging solutions and infrastructure, as well as ensure customers 
can conveniently access the infrastructure. Member states are also expected to make significant progress in 
this area as they are required to prepare national plans by end-2016 with own targets for recharging 
stations as part of the 9¦Ωǎ ŘƛǊŜŎǘƛǾŜ for the deployment of alternative fuels infrastructure.  
 
As more governments encourage the adoption of EVs through buying bonuses, tax breaks and other 
measures, e-mobility is set to take off even more strongly. The recent German law offering free parking and 
ǇŜǊƳƛǎǎƛƻƴ ǘƻ ǳǎŜ ōǳǎ ƭŀƴŜǎ ƻǊ ǘƘŜ CǊŜƴŎƘ ƎƻǾŜǊƴƳŜƴǘΩǎ proposal for additional measures to increase the 
buying bonus for electric vehicles (up to ϵ10,000 for cars older than ten years) are just two examples of 
measures that can significantly boost EV uptake.  
 
Electric vehicles loads and impact on the power system  
 
A key factor to understand EVs interaction with the power system relates to when and how they are 
recharged. According to our survey, 90% of the charging is expected to occur at home, parking lots near 
home or at the office. As a result, the low-voltage distribution grids in residential or commercial areas are 
likely to be the first influenced by an increase in electric vehicles loads. Moreover, unlike other loads, 
electric vehicles are mobile and therefore are not always connected to the same place in the grid.  
 
From a power system perspective, utilities are conscious of two elements with regard to the systemΩǎ 
ability to introduce additional loads: the energy used at (kWh) and the capacity/power required (kW). Our 
analysis shows that the additional electricity demand due to EV loads in terms of increase in total energy 
demand is feasible: even a hypothetical 100% electrified fleet will add 802 TWh or a 24.3% increase in total 
electricity demand provided that those vehicles were charged outside peak hours. However, depending on 
their usage patterns, and thus the timing and the amount of charging power they draw from the grid, EVs 
could have a significant impact on the peak demand (GW) of electricity at certain times and locations.  
  

 
Figure 5: Stress on the electricity grid during the day due to EV charging on e-laad charging stations 

Source: e-Laad foundation 

 
The typical usage of an electric car shows that during the day the car is normally on the road, implying that 
the charging will be concentrated in the evening, when commuters arrive home from work (except if the 
cars charge when parked at the office). This means that the increased load will most typically coincide with 
the already existing evening peaks in residential areas. As parking for longer hours is largely related to 
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commuter usage behaviour, there is also an additional risk that electric car usage could lead to late 
morning peaks when the drivers park their car at work, mainly in commercial or industrial areas.  
 
Under these circumstances, uncoordinated charging could result in excessive peaks that occur for just a few 
hours a day, while the remaining part of the day is unaffected. This could have far-reaching consequences 
for all the stakeholders involved: distribution grids congestions due to power peaks and voltage drops, 
increased costs of electricity connection and use, expensive generation and grid reinforcements, as well as 
wider societal and environmental effects. Such situations could easily be overcome if the charging was 
actively managed to make better use of the available generation and grid capacity.   
 
On the other hand, the fact that cars are parked for a long period of time during the night, and for several 
hours during the day means that electric vehicles can make use of the available storage potential and 
balancing power. Smart charging will make it possible to avoid most network reinforcements and 
associated costs, and tap the power and storage potential of electric vehicles according to the business 
model in place. The cars can also be scheduled to be charged when buildings producing more power that 
they consume i.e. at noon when there is enough solar power available.  
 
In addition to the challenges and flexibility potential that electric vehicles may bring concerning grid 
impacts, electrification of transport presents the electricity industry with a significant opportunity. They can 
increase their revenues through increased sales of electricity by tapping into a new market and develop 
new business models for charging infrastructure and innovative smart charging products and services.  
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2. What is smart charging? 

EURELECTRIC is aware of the on-going discussions to agree on a definition of smart charging, amongst 
others, the CEN-CENELEC Ad Hoc Group Smart Charging under Mandate 468.  
 
This paper takes as definition for smart charging the one used by CEN-CENELEC6. Here it is described as 
άsmart charging of an EV is when the charging cycle can be altered by external events, allowing for adaptive 
charging habits, providing the EV with the ability to integrate into the whole power system in a grid- and 
user-friendly way. Smart charging must facilitate the security (reliability) of supply and while meeting the 
mobility constraints and requirements of the user. To achieve those goals in a safe, secure, reliable, 
sustainable and efficient manner information needs to be exchanged between different stakeholders.έ  
 
The CEN-CENELEC paper also mentions that smart charging involves άǘƘŜ ŎƘŀǊƎƛƴƎ ƻŦ ŀƴ EV controlled by 
bidirectional communication between two or more actors to optimize all customer requirements, as well as 
grid management, and energy production including renewables with respect to system costs, limitations, 
relƛŀōƛƭƛǘȅΣ ǎŜŎǳǊƛǘȅ ŀƴŘ ǎŀŦŜǘȅέ. Several actors can influence smart charging and can play different roles 
depending on the market model in each country. More details can be found in Annex 3.  
 
In any case, smart charging is a process driven by both:  

¶ Price signals: where flexible EV loads respond to time-of-use, dynamic hourly price of energy, price of 
maximum instantaneous power demand, etc. 

¶ Control signals: according to grid and market situations (request for temporary demand power 
reduction, allowance for increase in the power, etc.) 

 
The control mechanism can be enabled by the grid, by the charging point, or by the vehicle itself, while a 
communication system with the grid allows the charging process to take actual grid capabilities into 
account (intelligent algorithms can be distributed at all three levels) as well as customers preferences. Price 
or control signals can be communicated through an ICT infrastructure (e.g. intelligent metering system, 
communication between charging stations and back-end systems) in order to allow algorithms to take 
generation and grid constraints into consideration, as well as to enable the customers to benefit from price 
opportunities. Smart charging should respect customer's needs and charging requirements regarding 
vehicle availability as long as there are no critical limitations by the grid or the energy supply.  
 

  

                                                        
6
 WG Smart Charging Report ς Smart Charging of electric vehicles in relation to smart grid, CEN-CENELEC e-Mobility 

Coordination Group, CEN-CENELEC-ETSI Smart Grid Coordination Group   
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3. Challenges and opportunities of smart charging: customers, power system, 
society  

Smart charging can represent an opportunity for all the stakeholders involved:     
 

¶ Customers:  satisfaction, reduced energy costs and ecological value; 

¶ Power system: optimising generation and grid capacity, cost efficiency by minimising network 
reinforcement costs,  facilitating renewables integration; 

¶ Society: reducing local and global CO2 emissions and related costs, in addition to increasing energy 
efficiency and social welfare 
 

a) Maximising customer convenience while reducing costs 
 
Studies show that EV users prefer to charge their cars in regular patterns, mostly at home or at work, which 
means that the residential low-voltage grids will likely be the primary charging point for EVs at least in the 
medium- term. As seen previously, 9¦w9[9/¢wL/Ωǎ ǎǳǊǾŜȅ also shows that 90% of the charging is predicted 
to take place with normal and medium power in locations such as households and workplaces by 2035. This 
charging behaviour demonstrates the need for smart charging to change customer behaviour.  
 
At the residential level, the EV has the potential to even double the power consumption of a household in 
some countries. Significant upgrades of the home grid might therefore be required (i.e. need to increase 
the level of connection and subscription power), which may come at an increased cost. In contrast, if the 
charging can be managed, customers can optimally use the moment when the charging process can be 
accommodated within the existing infrastructure. With mode 3 charging, customers are also able to 
manage the power level (the amperage). 
 
In order to implement smart charging it is crucial to inform and empower customers about the active role 
they can play in avoiding the increase of the cost of electricity. Customers must be made aware that their 
cars might be charged with a delay or that the battery may not be fully charged at the start of a trip, but 
that neither necessarily has an impact on their mobility needs while it can improve the ǇƻǿŜǊ ǎȅǎǘŜƳΩǎ 
economic and environmental performance. Customer acceptance will depend on actors7 (be it electricity 
retailer, e-Mobility Service Provider, etc) respecting a set of customer-defined requirements. Customers 
can for instance set ǘƘŜ ŎŀǊΩǎ departure time or the required battery capacity reserve. The charging station 
then determines the current battery status and calculates the energy necessary to reach the desired state.  
 
In addition, customers could more easily accept a smart charging service if it is economically convenient. 
Indeed, smart charging could lead to significant cost savings if customers use cheaper ŜƭŜŎǘǊƛŎƛǘȅ ŀǘ άƻŦŦ-
ǇŜŀƪέ ǘƛƳŜ. This is possible when time-varying prices are applied (i.e. time-of-use or dynamic prices) that 
can incentivise drivers to charge at more favourable times for power system operation (e.g. overnight). 
Customers may take the price signal into account or they may decide not to and pay a higher price as a 
result. New charging models with premium prices that penalise peak usage are also being considered.  
 
Figure 6 shows that cost savings between 24% and 41% are possible when the charging is deferred to off-
peak periods. The reduction is due to the significant price gap between on-peak and off-peak hours. To 
reduce such peaks, it is important that price signals are established that will encourage customers to curb 
their consumption at peak times, as well as that customers are informed about these opportunities. The 
roll-out of smart meters alone will have no or limited impact on peak demand, but should be accompanied 
by time-varying prices to provide the appropriate price signals to customers.  

 

                                                        
7
 See Annex 3 for a description of actors involved in smart charging  
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Figure 6: % of discount for EV demand response based on on-peak and off-peak prices όϵκa²Ƙύ ƛƴ ǎƛȄ 9¦ ŎƻǳƴǘǊƛŜǎΤ 

Sources: Platts, EURELECTRIC smart charging and e-mobility survey  

 
Customers could access the reward or cost savings through a smart charging option via their supplier or via 
their e-mobility contract with their e-Mobility Service Provider (eMSP). In case of private charging, the 
smart charging option can be planned automatically ōȅ ǘƘŜ ƘƻǳǎŜƘƻƭŘΩǎ L¢ system. Usually in case of public 
and semi-public locations, customers can be rewarded the benefit via their contract with their 
eMSP/supplier that includes a smart charging service. In any smart charging strategy the customer should 
always be in control, either directly or indirectly through automated systems. Customers should be able to 
override any automatic load control signal if they need an immediate battery charging. 
 
Active demand response is already happening today for other types of electricity loads. In some countries, 
ŎǳǎǘƻƳŜǊǎ ŀƭǊŜŀŘȅ ƘŀǾŜ ŀ ǎȅǎǘŜƳ ǘƘŀǘ ƳŀƴŀƎŜǎ ǘƘŜƛǊ ƘƻƳŜ ŀǇǇƭƛŀƴŎŜǎΩ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΦ CƻǊ ǘƘŜǎŜ 
customers, the coupling of the smart charging system with their energy management system will help to 
optimise energy consumption for their whole household.  

 

Example of demand response in France: boilers and electrical heating systems  

Today in France it is possible to control sanitary boilers (i.e. water is heated during the night and stored for 
daily use) and heating systems in response to price signals from the energy retailer. The price signals are 
sent by the DSO, on behalf of the retailer, from the primary substation directly to the meter located at the 
ŎǳǎǘƻƳŜǊǎΩ ǇǊŜƳƛǎŜǎ Ǿƛŀ ŀ t[/ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƭƛƴƪΦ Lƴ ŎŀǎŜ ƻŦ ƎǊƛŘ ŜƳŜǊƎŜƴŎȅΣ ǘƘŜ 5{h ǳǎŜǎ ǘƘŜ ǎŀƳŜ 
process to send load-shedding/shifting orders to customers. Customers can always override the systems if 
needed, at the cost of higher electricity prices.  

In addition, so-called energy boxes are being developed by energy suppliers or ESCOs. These energy boxes 
are able to manage and optimize the energy consumption of the in-home electrical devices, depending on 
criteria that can be selected by the customer (energy prices, time-of-day, etc.).  
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The Grid for Vehicle8 project carried out a survey on customersΩ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ delay charging to off-peak 
times (10 p.m. ς 6 a.m.). Overall, the respondents answered positively but concerns about not being able to 
use their car were the most frequent reason for not being interested. Faced with the option of having their 
ōŀǘǘŜǊȅ ǇŀǊǘƛŀƭƭȅ ǊŜŎƘŀǊƎŜŘ ƛƳƳŜŘƛŀǘŜƭȅ ƛƴ ƻǊŘŜǊ ǘƻ ƘŀǾŜ ŀ ǇǊƛŎŜ ƛƴŎŜƴǘƛǾŜΣ ǘƘŜ ŎƘƻƛŎŜǎ ǘƻ ŎƘŀǊƎŜ пл ƪƳ όнϵύΣ 
ул ƪƳ όнΦрϵύ ƻǊ мнл ƪƳ όоϵΣ Ŧǳƭƭ ǊŀƴƎŜύ ǿŜǊŜ ŀƭƳƻǎǘ Ŝǉǳŀƭƭȅ ǇǊŜŦŜǊǊŜŘ ōȅ ǊŜǎǇƻƴŘŜƴǘǎΣ ǿƛǘƘ ŀ ǎƭƛƎƘǘ 
tendency for a full battery immediately. The interest in participating in V2G was significantly lower than the 
interest in delayed charging. The low level of benefits expected as a result of participation was given as the 
prime reason (45% of respondents). Offers to choose betweŜƴ нлϵ ŀƴŘ слϵ ǎƘƻǿŜŘ that a higher benefit is 
naturally more attractive for people and stimulates participation.  

The EURELECTRIC survey results also show that only 5% of EVs connected to grid at peak time could be able 
to provide V2G services by 2035. Results show that customer acceptance of discharging schemes are mainly 
related to range anxiety issues and price incentives. Customers would need a 30% reserve capacity left in 
the battery when unloading once a day is considered, and demand response with price incentive discounts 
of 20% to 30%. The fact that EVs are parked for about 90% of their lifetime could nevertheless provide a 
good opportunity for their battery to be used as power supply feeding electricity back into the grid. Effects 
on the battery usage due to charging/discharging, metering and regulatory issues as well as economic 
viability represent additional issues to be considered in order to fully exploit this technology in the future.  

In addition, customers are more likely to accept an alteration or interruption in the charge with normal 
power recharging (even up to 22 kW) as the charging process is likely to coincide with the parking. High-
power DC charging is likely to be more associated with en-route charging when a customer has stopped at 
a motorway service station to recharge on a longer journey. As they would like to continue the journey 
after a relatively short recharging stop, the charging time may prove more critical for an interruption, 
despite the financial benefit involved. It is however estimated that few fast public charging points will be 
necessary because most cars will spend most of their time parked at home or at work. 

Lower total cost of ownership 

The total cost of ownership (TCO) can represent an important factor in assessing the benefits of smart 
charging for EV customers. In addition to fixed costs (i.e. capital costs), the TCO also includes other key 
ǇŀǊŀƳŜǘŜǊǎ ƻŦ ŀ ŎŀǊΩǎ ǊǳƴƴƛƴƎ Ŏƻǎǘǎ ǎǳŎƘ ŀǎ energy and maintenance costs, which are comparatively lower 
than for an ICE car. 

EV owners will be able to save on their energy bill and benefit from a lower total cost of ownership. Our 
findings show that todayΩǎ TCO including subsidies is already more attractive for EVs as a result of energy 
cost savings derived from the substitution of oil with electricity. Over a ten-year lifetime of a car, 
customers can benefit from a cost reduction of up to 23% when the conventional fuel car is replaced by a 
comparable electric car and when smart charging is used. This figure also includes the future scenario 
when the EVs will have reached capital cost competitiveness with ICE cars. 

EV owners could reduce three times their energy bill due to the EV consumption. With smart charging, the 
bill will decrease by another 30% (Figure 7). Therefore, in addition to the reduction in the energy bill 
ǊŜŀƭƛǎŜŘ ōȅ 9± ŎǳǎǘƻƳŜǊǎ ƻǾŜǊ ŀ ǾŜƘƛŎƭŜΩǎ lifetime, smart charging has an additional potential to reduce 
energy costs due to cheaper electricity tariffs at off-peak hours. Also, as it can be seen in the figure below, 
the purchasing price of an average EV in 2014 was 14% higher than the average conventional fuel car. But 
this higher capital cost is largely offset by the energy cost savings.  

 

 

 

                                                        
8
 http://www.g4v.eu/  

http://www.g4v.eu/
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Figure 7: Estimated Total Cost of Ownership
9
 EV (e-cars) vs. ICE  (10 years, in ϵ); Source: EURELECTRIC smart 

charging and e-mobility survey 

Period  
(years) 

A,B,C,D segment        
EV-cars 

Today with Smart 
Charging 

Smart Charging & 
same vehicle price 

5 -6% -7% -16% 

10 -13% -15% -23% 

 
Table 2: Total Cost Ownership (savings EV vs ICE); Source: EURELECTRIC smart charging and e-mobility survey 

 
As explained above, the major contributor to recovering the difference from the higher capital cost are the 
lower energy costs which account for about 70% in terms of total cost savings ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƛƴ ŀ ǾŜƘƛŎƭŜΩǎ 
lifetime. To realise smart charging, additional infrastructure such as ICT devices or smart metering might 
need to be installed which is also more than offset by the savings incurred. Moreover, EVs with higher 
battery capacity and greater range (C, D) can achieve greater savings than smaller vehicles (A,B) because 
the cost of the battery represents a significant weight in the total price of a vehicle.  
 
 
 
 
 

                                                        
9 Assumptions: e-cars  (battery electric vehicles), A segment: mini (e-) or ICE-  cars, B segment: small e- or ICE- cars; C segment: 
medium e- or ICE- cars; D segment: large e- or ICE- cars; E-segment: executive e- or ICE- cars; Lifetime: 10 years, mileage 15,000 km, 
ŀǾŜǊŀƎŜ ŎƻƴǎǳƳǇǘƛƻƴΥ нл ƪ²ƘκмллƪƳΤ ŜƭŜŎǘǊƛŎƛǘȅ Ŏƻǎǘ лΦмп ϵ/kWh, ; price of oil: 1.41 ϵκƭ; discount factor: 7%  (ICE ς internal 
combustion engine)  

22,364 
25,541 25,541 

22,364 

10,092 3,279 2,295 

2,295 

0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

Today A,B,C,D segment

cars

Today A,B,C,D segment

e-cars

Today with Smart

Charging

Future Smart Charging

with same vehicle price

Acquisition (Vehicle) Acquisition (Charging Infrastructure)

Energy Maintenance

Insurance Anual motor tax

13% 15%
23%

û



21 

b)  Power system benefits for generation and the grids   

Enable grid management for a flexible system  
EVs represent a new mobile, power-dense and variable type of electricity load that will mostly be 
connected to the distribution grids at the low voltage level. As EVs were not considered at the initial stage 
of network planning, they could cause serious network congestion and assets overloads.  Smart charging 
will therefore need to take into account network constraints in order to avoid overloading the grid.  
 
¢ƻŘŀȅΩǎ ŘƛǎǘǊƛōǳǘƛƻƴ networks are designed to meet peak demand. However, with increasing penetration of 
EV loads and DERΣ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ŀǇǇǊƻŀŎƘ ƻŦ άŦƛǘ ŀƴŘ ŦƻǊƎŜǘέ Ƴŀȅ no longer be cost-effective. In many 
cases, peaks occur often for only a few hours a year and the utilisation rate of network assets declines. The 
major risk therefore is when the demand caused by EV loading exceeds the capacity of a network i.e. 
charging coincides with already existing peaks. Moreover, peaks need to be considered at the different 
scales of the power system: from the global where the balancing between supply and demand takes place 
(generally the transmission level) to the local (house, building, city, etc).  
 

How to understand peak demand  

When analysing the impact of EVs, it is important to clarify how peak demand is considered in the power 
system in order to design effective smart charging solutions. Peak demand needs to be considered at the 
following levels:        

¶ Wholesale markets level where contractual demand meets contractual offers. Peak times where 
high demand and low availability create high energy prices.  

¶ TSO grid level  where a high demand for auxiliary services with low availability of offers creates 
high balancing prices for system services (frequency control and reserve power)  

¶ DSO grid level where electricity is transmitted to end users. Peak demand can cause physical 
capacity constraints (overload of lines, transformers, voltage drops) 

EV ƭƻŀŘ ǇǊƻŦƛƭŜǎ ŀƴŘ ǘƘŜƛǊ ǊŜƭŀǘƛǾŜ ƛƴŎǊŜŀǎŜǎ ƛƴ ǘƘŜ άǇŜŀƪέ Ƴŀȅ ŀǇǇŜŀǊ ǘƻ ōŜ ǾŜǊȅ ŘƛŦŦŜǊŜƴǘΣ ƛƴ ǘƛƳŜ ŀƴŘ 
value, depending on the place considered in the power system - be it at the electricity market level, 
transmission level or at the distribution level. EV charging concentration on the same grid could create 
potential extreme local demand. These peaks are independent from one another: a peak load in a local 
grid does not necessarily affect other parts in the rest of the power system.   
 

 
Figure 8: Peak demand of electric vehicles in the power system. Source: ERDF  
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* 

Although it depends greatly on the location on the grid and the individual grid itself, the increased load 
from EVs could expose the grid to a dramatic increase in peak demand at certain times and locations. This 
can lead to major network overloads such as voltage drop or thermal overstress which could result in grid 
assets ageing or eventually can cause service interruption. In that case, heavy investments could be 
required to upgrade the electricity cables connecting households to transformers and the transformers 
themselves. Investments in the upstream grid could also be needed. These investments may burden 
therefore the electric mobility technology adoption at national and international scale.  
 
In assessing the ability to introduce EV loads on peak demand, we use as reference the IEA methodology of 
estimating peak load and the potential of smart grids to reduce it10. Peak demand serves as an important 
key design metric for grid operators and planners to assess current and future infrastructure needs and 
which helps to define the generation, transmission and distribution capacity of an electricity system. As the 
distribution system was designed to deliver the maximum load at any point in time, the gap between off-
peak times and peak means an underutilisation of capacity and investments. 
 

 
 

Figure 9: Load curves of six largest EU countries (hourly load values every 3rd Wednesday (MW) summer and winter 
(DB: 02.09.2014); Source: ENTSO-E (*gap between winter and summer is justified by the high proportion of electric 

heating in France) 

 
If we define the peak load as the maximum load of a power system, we could then also assess the average 
load by dividing the annual generation demand by the total hours of a year. To illustrate, Figure 10 shows 
the peak load and the average load of the six largest EU countries based on current load curves, as well as 
for the EU-28.  

                                                        
10

 IEA Impact of Smart Grids Technologies to 2050  

http://www.iea.org/publications/freepublications/publication/smart_grid_peak_load.pdf
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Figure 10: Peak load of six largest EU countries and EU-28 (GW) (reference case); Source: EURELECTRIC smart 

charging and e-mobility survey  

 
Further, we consider that the evolution of the peak will depend on the coefficient of the peak load (CPL) or 
on its utilisation factor (UF)11. The CPL is defined as the ratio of peak load to average load and is an 
indication of the flatness of the load curve. The UF is used in the planning stage of infrastructure. Its values 
depend on the degree of interconnection of each electricity system. Values close to 1 show an optimised 
system. In the example below, countries such as Italy or Spain display values that could imply additional 
Ŏƻǎǘǎ ŘǳŜ ǘƻ ƭƻǿŜǊ ǎǳǇǇƻǊǘ ŦǊƻƳ ƻǘƘŜǊ ǎȅǎǘŜƳǎ όƛΦŜΦ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴύΦ ¢ƘŜȅ ǎƘƻǿ ōŜƘŀǾƛƻǳǊ ƻŦ άƛǎƻƭŀǘŜŘέ 
systems which can indicate strong potential to optimise the grid asset utilisation.      

 
 

Figure 11: Coefficient peak load (CPL) and utilisation factor (UF) of six largest EU countries and EU-28 (%)
12

; Source: 
EURELECTRIC smart charging and e-mobility survey  

 

                                                        
11

 CPL = peak load PL (GW)/load average LA (GW). The values go from 1.25 to 1.72 (1.48 average at European level). 
These values are correlated with the reversed Utilisation Factor (UF) (68% average). UF = 1/CPL. 
12

 Based on ENTSO-E SWD (2013) 438. 
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Figure 12: Evolution of Peak Load for EU-28 and six EU countries (GW). Source: EURELECTRIC smart charging and e-

mobility survey 

 
Based on the European CommissionΩǎ trends to 2050 reference scenario, we estimate the evolution of the 
European peak load13. The estimates also include assumptions from the EURELECTRIC survey. Three major 
uncertainties are considered: EV market uptake, evolution of storage technology and policy support for 
smart charging. In assessing the peak load projection up to 2050, estimates for the evolution of the CPL and 
the load average are also taken into account in the process for the six countries considered. Figure 12 
shows the evolution of the peak demand towards 2050 - no electrification of transport is considered. 
 
Impact of 100% electric vehicles on peak demand   
The increasing demand from electric vehicles could pose a serious challenge for the network as EV loads 
have the potential to exacerbate the peaking of the load curve. This can happen at the same time with 
increased electrification from other applications, such as heating and cooling that could also contribute to 
increasing demand at peak hours. The electricity generation in the EU-28 is estimated to reach 3,806 TWh 
by 2035, and the European peak demand 617 GW.  
 
Assuming the hypothetical scenario of 100% car electrification, EV loads would add 92 GW to the load 
average and 130 GW to the peak load by 2035. In case the charging is uncontrolled, the additional demand 
from EVs could raise the peak demand by 21.1% by 2035 according to the expected growth in the co-
efficient peak load by that year (Figure 13). This assumes that the load is uniformly spread across the 
peaking of the load curve. However, we can also expect that in some cases the peak load could be much 
higher. Figure 14 thus also assesses a scenario where the peak load at the European level could increase 
further to 30%, assuming a case when the co-efficient peak load doubles.  
 
 
 
 
 
 

                                                        
13

 EU Energy, Transport and GHG Emissions Trends to 2050  
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100% EVs Unit EU 28 

    What is the Load Factor (2035)   

LA (Load Average) GW 434 

PL (Peak load) EURELECTRIC GW 617 

PL-LA GW 183 

% Reserve (PL-LA)/LA % 42,0% 

CPL (GW) = PL (GW)/LA (GW) # 1,42 

Utilisation factor (UF = 1 / CPL) % 70,4% 

    What is the Impact in Load  Average & Peak Load (2035) 

LA (Load Average) 100% EV GW 92 

New LA (Load Average) GW 526 

PL (Peak load) 100% EV assuming CPL = 2 GW 183 

New total PL (Peak Load)  GW 800 

Dumb charging  (increase electricity Peak)  %  29.7%  

PL (Peak load) 100% EV assuming CPL current GW 130 

New total PL (Peak load)  GW 747 

Dumb charging (increase electricity Peak)  % 21.1%  

PL (Peak load) 100% EV assuming CPL=0 GW 0 

New total PL (Peak load)  GW 617 

Smart Charging (increase electricity Peak) % 0,0% 

CPL (GW) = PL (GW)/LA (GW) (with EVs) # 1,17 

New Utilisation Factor (with EVs) % 85% 

Dif CPL (%.) % -17,4% 

Dif Utilisation Factor (p.b.) % 14,8% 

 
Figure 13: Impact of 100% EVs on peak load by 2035; Source: EURELECTRIC smart charging and e-mobility survey 

 

Figure 14: European Peak Load (GW) evolution in case of 100% EVs by 2035 and potential of smart charging to 
reduce the peak load between 15% - 30%; Source: EURELECTRIC smart charging and e-mobility survey 

 

617

747

709

800

400

450

500

550

600

650

700

750

800

850

2015 2020 2025 2030 2035

PL (Peak Load) Smart Charging 100% EVs CPL=0 - Eurelectric

PL (Peak Load) Dumb Charging 100% EVs CPL=Current

PL (Peak Load) Dumb Charging 100% EVs CPL=1

PL (Peak Load) Dumb Charging 100% EVs CPL=2 (Domestic)

GW

14,8%

21,1%

(100% EVs)

29,7%

0,0%



26 

But if the charging is coordinated to make better use of the available grid capacity at off-peak hours, smart 
charging has a potential to reduce the peak load to zero. At the same time, the utilisation factor will 
improve by 14.8%. Thus smart charging has a strong potential to optimise the grid asset utilisation, thereby 
decoupling electricity capacity growth from peak load growth ς and generating a whole new value chain 
from this decoupling.  

 

Using the same rationale, we can analyse the increase in the peak load and the potential for smart charging 
for the three e-mobility scenarios (slow, transition, revolutionary). Depending on the degree of EV 
penetration in each scenario, EVs can increase the peak demand by 1.1 % to 3.1%, which could be reduced 
with smart charging. This means an improvement in the utilisation factor from 0.8% to 2.2%.  
 

 

 
Figure 15: Impact of 10% EV on Peak Demand by 2035; Source: EURELECTRIC smart charging and e-mobility survey 

  

% Slow Transition Revolution 
Peak Demand  
(CPL = 2 Domestic)  1.6% 3.0% 4.4% 
Peak Demand 1.1% 2.2% 3.1% 
Utilisation Factor 0.8% 1.5% 2.2% 

 
Table 3: Main impacts by scenario (%); Source: EURELECTRIC smart charging and e-mobility survey 

 

While price signals may provide an effective method to customers to lower their load at peak times, they 
may not always reflect network conditions, especially if they are heavily loaded. Price signals in the 
wholesale electricity markets do not always match price signals in network tariffs reflecting local grid 
congestions on the DSO network. We can have a situation where grid fees will increase due to the 
increased load, while the prices on the wholesale prices decrease. To prevent network overload and 
congestion at the local level, the DSO may want to make use of different flexibility measures to solve areas 
in addition to price signals. The DSO may adopt future flexibility solutions such as flexible network tariffs 
that could incentivise smart charging (i.e. capacity, time-varying), contract-based based smart charging (i.e. 
via eMSP including flexibility services for the DSO) or other services.  Smart charging solutions will therefore 
require new innovative solutions and services, as well as an adequate regulatory framework that allows for 
flexibility for both network operators and market participants.    
 

10% EVs Unit EU 28 

    What is the Impact in Load  Average & Peak Load (2035) 

LA (Load Average) 100% EV GW 9 

New LA (Load Average) GW 444 

PL (Peak load) 100% EV assuming CPL=2 GW 19 

New total PL (Peak load)  GW 636 

Dumb Charging (increase electricity Peak) % 3,0% 

PL (Peak load) 100% EV assuming CPL=0 GW 13 

New total PL (Peak load) GW 630 

Dumb Charging (increase electricity Peak)  % 2.2%  

PL (Peak load) 100% EV assuming CPL=0 GW 0 

New total PL (Peak load) GW 617 

Smart Charging (increase electricity Peak) % 0,0% 

CPL (GW) = PL (GW)/LA (GW) (with EVs) # 1,39 

New Utilisation Factor (with EVs) % 72% 

Dif CPL (%.) % -2,1% 

Dif Utilisation Factor (p.b.) % 1,5% 
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Electricity retailers and third party providers are best placed to provide the service to the customers. They 
can offer simple and integrated services with smart charging based on both price signals and control signals 
that would help to take into account network constraints (overload risk, coordination between different 
loads to avoid peak demand). The DSO would need to constantly monitor the state of the grid and, in case 
of congestion, send control signals to the retailer or the third party provider (e-Mobility Service Provider). 
An intelligent connection will be necessary to combine wholesale price signals and grid signals.  

 
To manage the operation of distribution systems, tariffs could be accompanied by ŀ άǘǊŀŦŦƛŎ ƭƛƎƘǘ 
ǎŎƘŜƳŜέ to influence smart charging. ¦ƴŘŜǊ ƴƻǊƳŀƭ ŎƻƴŘƛǘƛƻƴǎ άƎǊŜŜƴ ƭƛƎƘǘέΣ ǘƘŜ ƎǊƛŘ ǿƻǳƭŘ 
operate following the market procedures, without any restrictions for network customers. In 
ŀƭǘŜǊκƛƴǎŜŎǳǊŜ ǎǘŀǘŜǎ άȅŜƭƭƻǿ ƭƛƎƘǘέΣ ǘƘŜ 5{h ŎƻǳƭŘ ǳǎŜ ƳŀǊƪŜǘ-based procedures to incentivise 
grid users to adapt production and/or consumption to the grid situation. In well-defined 
ŜƳŜǊƎŜƴŎȅ ŎƻƴŘƛǘƛƻƴǎ άǊŜŘ ƭƛƎƘǘέΣ ǘƘŜ 5{h ǎƘƻǳƭŘ ōŜ ŀōƭŜ ǘƻ ǳƴŘŜǊǘŀƪŜ direct load management 
or emergency interruption of supply after the contracted options have been exhausted. In any 
case, the DSO still ƘŀǾŜ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ǘƘŜ ŎǳǎǘƻƳŜǊǎ ǘƘŀǘ ŀǊŜ ǎǳōƧŜŎǘ ǘƻ ǎǳŎƘ άƛƳǇƻǎŜŘ 

ŀŎǘƛƻƴǎέΣ ŜƛǘƘŜǊ ōŀǎŜŘ ƻƴ ŎƻƳǇŜƴǎŀǘƛƻƴ ǊǳƭŜǎ ŀƎǊŜŜŘ ǿƛǘƘ ǘƘŜƛǊ bw!ǎ ƻǊ ōŀsed on contractual arrangement.  

 
Ensure a cost-effective solution by avoiding unnecessary grid investments   

Therefore by optimising the grid utilisation (i.e. by making sure the demand does not exceed grid capacity), 
smart charging can also help to avoid grid reinforcements costs. 
 
!ǘ άƘƻƳŜ ƎǊƛŘέ level14 (being a house, a multi-dwelling or business building, a plant etc.), a dedicated line 
from the low-voltage (LV) source has generally to be installed to connect the additional charging point(s). 
The addition of EV charging on top of other existing loads in the building may require a reinforcement of 
the connection line to the DSO grid, and the subscription of a higher maximum rated power at the delivery 
point. Overall, simplistic charging regulation (e.g. time-varying) or more elaborated regulation (e.g. 
maximum power control of each charging point through an energy management system) has to be chosen 
in relation with the economy of investment and operation.  
 
Moreover, for fleet garages, it has to be considered that some charging points may be designed for 
accelerated or high power charging. The higher is the charging power requirement, the more is the need 
for smart charging proved. However, high power recharging of more than 22 kW (usually > 43 kW) may be 
less acceptable for customers for load management purposes due it short duration. In any case, high-power 
recharging is likely to be a premium-priced service (peak demand pricing) for the EV driver. 
 
For single homes, the economy at stake generally requests simplified smart charging such as time 
regulation (i.e. overnight charging). For buildings with EV fleets, a computation on a ten-year period, taking 
into account 20 electric vehiclesΣ ƭŜŀŘ ǘƻ ŀ ǘƻǘŀƭ Ŏƻǎǘ ƻŦ ол ƪϵΣ ŦǊƻƳ ǿƘƛŎƘ нн ƪϵ Ŏŀƴ ōŜ ŀǾƻƛŘŜŘ ōȅ ǎƳŀǊǘ 
charging, to be compared to the cost of an energy management system deployment and operation at the 
building in order to prove smart charging cost-effectiveness.  
 
At DSO grid level, investment costs for the DSO result from the reinforcement of grid lines and 
transformers, plus its share of the cost of home grids connections according to the regulation (e.g. in 
France ~50% of the total cost of connection of a customer). The size of the reinforcements result from 
statistical calculations that take into account a forecast of customer behaviour, and particularly their 
implementation of smart charging. 
 
Considering low-voltage grids, calculation made in France by ERDF lead to the following costs assessment 
without smart charging, and resulting costs savings due to smart charging (costs are assessed per unit equal 
to 1 MEV = 1 million EV globally travelling): 
 

                                                        
14

 See Annex 3 for a description of different levels of smart charging in private locations  
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Total LV grid reinforcement cost  
per million EV for:  

Cost without smart charging Cost reduction 
due to smart charging 

EV charging in single houses нлл aϵ 
нлл aϵ 

(almost total cost avoided) 

Multiple EV charging in multi-dwelling 
or business buildings 

срл aϵ прл aϵ 

Public charging spots in the streets 
and parking lots 

нпл aϵ мнл aϵ 

 
Table 4: Reinforcement costs (Million ϵύ for low-voltage grids and cost reduction with smart charging; Source: ERDF 

 

Considering the main substations and medium-voltage lines, their reinforcement without smart charging 
ǿƻǳƭŘ ǊŜǉǳŜǎǘ ул aϵ ǇŜǊ Ƴƛƭƭƛƻƴ ƻŦ ǘǊŀǾŜƭƭƛƴƎ 9±s, to be added to the LV grid costs. Smart charging could 
reduce most of this cost, and consequently related upstream costs at the TSO level. 
 
The total of these costs will be borne by the DSO, but will be passed on to the customers later due to the 
tariff system. Therefore, the following question is raised: will the existing costs signals and system 
regulations naturally push home grid operators to adopt smart charging inducing cost-efficiency at DSO grid 
level? We have reason to think that it will not be the case, and that more effective signals and incentives 
have to be designed in order to achieve best global economy of grids. They will have to be combined with 
those related to wholesale power demand and production balancing. 
 
A benefit resulting from avoiding reinforcement costs at a system level would be that they could be used to 
be redistributed as a business opportunity across the smart charging value chain, with e-mobility service 
providers and charging station operators possibly providing ancillary services to the DSO.  
 

Optimising the efficient use of generation capacity  
 
Any additional demand triggered by EVs could also require additional efforts with regard to electricity 
generation optimisation. In the long-term, the use of flexible EV demand will not only result in more efficient 
grid usage, but could also avoid unnecessary investment in generation capacity, resulting in longer asset lifetime.  
 
In case of uncontrolled charging, it is likely that the availability of generation to meet peak demand could lead to 
a decrease in efficiency ς where increased peaks can put greater strain and result in reduced efficiency of the 
thermal units providing electricity, as well as potential increase in the cost of electricity generation. With smart 
charging, charging energy requirements are more evenly spread throughout the system, enabling a more 
optimal use of the available generating capacity. Therefore, it reduces the need for expensive peaking plants 
which are usually more expensive to run and more carbon-intensive.   
 
One major issue for the power system is by how much and to which extent the grid and the generation capacity 
can cope with an increased electrification of transport. A large share of electric vehicles connected to the grid 
will naturally be followed by an increase in the total electricity demand in the respective grid. The results of our 
findings suggest that there is enough generating capacity to accommodate 100% electric cars by using the 
existing grid infrastructure ς but only if those cars were charged outside the peak periods. 
 
Even if all the European car fleet on the roads today was electric there would be about 249 million batteries 
drawing power from the grid with a corresponding 802 TWh as additional demand. This translates into a 24.3% 
increase in electricity demand, and respectively about 17% increase in the load factor15 in the power system. In 
2035, the same hypothetical share would add a lower 21.1% to total electricity demand as the electricity 
generation is estimated to increase by that time. Assuming a 10% EV growth in Europe by 2035 as in our 
transition scenario, e-mobility will account for just 2.2% of total electricity demand in 2035.  
 
However, whereas the increase in terms of energy used is feasible, even at very high penetration levels, they can 
lead to excessive increases in peak demand (see previous section). 

                                                        
15

 Load Factor equals:  total electricity energy used (=existing + passenger cars) / Max demand * hours per year (8760 
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100% EVs Unit EU 28 

What is the total electricity energy used? 100% EVs   
Total numbers of Cars in the EU (2015) Mill  249 

Average annual distance per car  km 15,000 

Electricity consumption if all were electric  kWh/km 0.20 
Losses % 7 
Total Electricity consumption if 100% were electric TWh 802 
   
What is the maximum demand today?    
100% Passenger Car electrification  TWh  802  
Gross Electricity Generation   TWh  3,295.5 
Percentage of increased electricity consumed 100% EVs (today) % 24.3% 
   
What is the maximum demand in 2035?    
100% Passenger Car electrification TWh 802 
Gross Electricity Generation  (2035) TWh 3,806.1 
Percentage of increased electricity consumed  100% EVs (2035) % 21.1% 

10% EVs    

What is the total electricity energy used? 10%  EVs    
Total numbers of Cars in the Relevant Area (2035) Mill cars 25 
Total Electricity consumption if 10%  were electric  TWh 82 
Gross Electricity Generation (2035) TWh 3,806.1 
Percentage of increased electricity consumed 10%   EVs (2035)  % 2.2% 

 
Figure 16: Impact of 100% EV on electricity demand & impact of 10% EVs on electricity demand in the transition 

scenario; EURELECTRIC smart charging and e-mobility survey 

 

 
Figure 17: Percentage of increased electricity consumed due to EVs in 2035 (%); Source: EURELECTRIC smart 

charging and e-mobility 

 
Facilitating renewables and making efficient use of available capacity   

Since electricity demand varies widely and supply of generation cannot yet be stored economically on a 
large scale, the traditional power system has been designed so that supply always meets demand. When 
high demand occurs, most of the power plants are working flat out while at times of low demand many are 
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left idle. The growing shares of unpredictable, variable RES challenge the traditional way.  Given their 
volatility, wind and solar power can create excess energy output, causing significant peaks in the power 
system. Several options could be used to stabilise and reduce fluctuations: use of flexible back-up 
generation such as hydro or gas combined cycle units, large storage systems or demand response.  
 

 
Figure 18: Ireland - Wind Generation as % of System Demand Monday 5/04/ 2010; Source: Eirgrid, Ireland  

 

Electric vehicles with rechargeable batteries and thereby inherent storage capacity represent yet another 
form of demand that could contribute to system flexibility. With smart charging, EVs have the potential to 
shift their loads into periods of lower demand or store electricity for later use. This coordinated charging 
could therefore allow to integrate RES in a cost-effective way benefiting both the customers and the 
generators. The customers will be able to benefit from more attractive prices due to the abundance of 
renewable energy i.e. such as wind power at night or solar during the day. The generators will also benefit 
as they will have the opportunity to sell their production at any time.  
 
EU-project GridTech has analysed EV smart charging integration of RES as illustrated below.  
 

 
Figure 19: EV smart charging supports RES integration (MW); Source: GridTech EU project  

 
Self-consumption of electricity with solar power and electric vehicles  
Smart charging can also help to maximise self-consumption from ǎƻƭŀǊ ǎȅǎǘŜƳǎ ƛƴǎǘŀƭƭŜŘ ƻƴ ŎǳǎǘƻƳŜǊǎΩ 
houses combined with available storage and recharging infrastructure. This use case can be very interesting 
for utilities, as it can be deployed as a new end-customer service combining energy efficiency, household 
DER financing and EV charging costs minimisation.  
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Controlling the charging (and discharging) process at a smart home may help to both avoid peaks and 
maximise the energy supplied by solar panels ς making it possible to recover the upfront investment for 
local assets (charging stations, solar panels, storage). A local stationary battery can store the excess power 
when it becomes available and release when it is needed but it is not produced16. The EV charging taking 
place at night means an increased availability of storage in the residential area, thereby contributing to 
flattening the demand curve. The remaining supply could be filled with electricity from the grid.  
 
Despite concerns over potential costs, a model developed by UBS bank suggests that it can make economic 
sense. Each technology will help to ǎǇŜŜŘ ǳǇ ŜŀŎƘ ƻǘƘŜǊΩǎ ŀŘƻǇǘƛƻƴΣ ǊŜŘǳŎƛƴƎ Ŏƻǎǘǎ ƻǾŜǊ ǘƛƳŜΥ ƭƻǿŜǊ ōŀǘǘŜǊȅ 
costs will boost EVs sales, which in turn would bring further economies of scale to stationary batteries17.  
 

 

Figure 20: Smart Home concept; Source: Smart-E, RWE  

 
 

c) Sustainability gains for society at large  
 
Lƴ ǘƘŜ ŦŀŎŜ ƻŦ ǘƘŜ 9¦Ωǎ climate and energy ambitions, both the electricity and the transport sector will need 
to become smarter and more sustainable. Today, mobility and power systems are only loosely linked. 
Tomorrow, they will be widely integrated. Smart charging will be an essential part of the transition towards 
a low-carbon economy and smarter electricity system.  
 
EVs represent electricity-consuming technologies that can increase the total demand of electricity, and 
related peaks ς but this issue could be solved if charging is optimised in an intelligent way. Smart charging 
will thus help enable a faster uptake of e-mobility, leading to important societal benefits as system 
efficiency and cost savings are realised for the customers. Moreover, EVs also hold great potential in 
increasing energy efficiency, improving air quality and reducing emissions. They also result in lower noise 
levels, particularly in urban driving conditions.  
 
Road transport is responsible for about a fifth ƻŦ ǘƘŜ 9¦Ωǎ ǘƻǘŀƭ CO2 emissions and it is the only major sector 
with rising emissions. Moreover, it is nearly 94% dependent on oil. While efficiency improvements of ICE 
vehicles have been made over the past years, significant shares of transport electrification will be key to 
further meet emissions targets in this sector and reduce its dependence on oil.  
 
The EU has put in place legislation18 to reduce CO2 emissions from cars and vans, including targets for 2015 
and 2020. Whereas the target for 2015 of 130 g CO2/km has already been achieved, the regulation requires 
further reductions from a current average of 126 g CO2/km to 95 g CO2/km by 2021. Emissions targets 
encouraged manufacturers to diversify their fleets with lower emissions cars as it can be seen below. 

                                                        
16

 ¦.{ ǊŜǇƻǊǘ ά²ƛƭƭ ǎƻƭŀǊΣ ōŀǘǘŜǊƛŜǎ ŀƴŘ ŜƭŜŎǘǊƛc cars re-ǎƘŀǇŜ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΚέ 
 
18

 Regulation (EC) 443/2009 (CO2 from cars), Regulation (EU) 510/2011 (CO2 from vans)  
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Range Fuel type g CO2/km 

BMW i3, Citroën C-Zero, Ford  Focus, Kia Soul, Mercedes S, 
MIA, Mitsubishi i, Nissan LEAF, Peugeot Ion, Renault 
Fluence, Zoe, smart fortwo, Tesla, VW Golf e-Up! EV 0 

BMW i3 (Range Extender) PHEV 13 

Vauxhall Ampera PHEV 27 

Chevrolet Volt PHEV 27 

Golf GTI PHEV 35 

Audi e-tron PHEV 37 

Mitsubishi Outlander PHEV 44 

Volvo V60 PHEV 48 

Toyota Prius Plug-in PHEV 49 

Porsche Panamera PHEV 71 

Toyota Yaris HEV 75 

Peugeot 308, Lexus CT200h, VW Polo D 82 

Renault Clio D 83 

Toyota Auris, Citroen DS5 HEV 84 

Hyundai i20, Skoda Octavia, Peugeot 3008, Ford Fiesta,  D 85 

   PHEV: plug-in hybrid EV and range extender; HEV: hybrid EV and D: diésel 

 
Figure 21: Top lowest CO2 emitting car models g CO2/km in 2015: Source:  EURELECTRIC smart charging and e-

mobility survey  

 
 
 
 
 

 
 

Table 5: Main transport data; Source: ACEA pocketbook  

 
We can therefore see that from a so-ŎŀƭƭŜŘ άǘŀƴƪ-to-ǿƘŜŜƭέ ŀƴŀƭȅǎƛǎ (Figure 21) the least emitting cars are 
pure EVs with zero-tailpipe emissions (an electric motor has no waste gases or exhaust fumes), followed by 
PHEVs with emissions below 50 g CO2, and some hybrid and conventional fuel cars. Yet the average CO2 
emissions of new cars in 2013 are exceeding 95 g CO2/km (Table 5).  
 
However, electric cars not only have zero-tailpipe emissions, but they can also result in major CO2 
emissions savings even when emissions from the power generation process are included. As an indication, 
with a carbon intensity of the power sector of 330 g CO2/kWh in 2010, a typical battery electric car would 
result in CO2 emissions of around 66 g CO2/km19. This compares favourably to the 2013 average CO2 
emissions of new cars of 126 g CO2/km20.   
 
E-ƳƻōƛƭƛǘȅΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƛƴ ǊŜŘǳŎƛƴƎ ƭŀǊƎŜ-scale CO2 emissions will rely on the decarbonisation pace of the 
power sector. Indeed, electric cars will contribute to even further emissions cuts as the European electricity 
sector will reduce in carbon intensity over the coming years. By 2035, the average electric vehicle could 
deliver emissions of about 28g CO2/km21, which means they could be almost five times less carbon 

                                                        
19

 Calculation: 1) EV: CO2/ km =[CO2 g/ kWh (for the relevant area electricity)] X 2) [kWh/ km (for the particular EV)]. 
Assumptions: 1) estimated carbon intensity of the power sector of 330 gCO2/kWh in 2010; European Commission 
Trends to 2050;  2) average consumption of a typical BEV assumed at 20 kWh/100km 
20

 ACEA pocketbook http://www.acea.be/publications/article/acea-pocket-guide   
21

 Estimated power sector carbon intensity of around 140 gCO2/kWh in 2035, European Commission Trends to 2050  

Concept Unit 2012 2013 

Passenger car density #/1000 inhab 483 487 

New registration Cars vs 100 inhabitants #/100 inhab 2.4 2.4 

Average of CO2 of new cars (DE,IT,FR,UK,ES) gCO2/km  131.6 125.6 

http://ec.europa.eu/transport/media/publications/doc/trends-to-2050-update-2013.pdf
http://ec.europa.eu/transport/media/publications/doc/trends-to-2050-update-2013.pdf
http://www.acea.be/publications/article/acea-pocket-guide
http://ec.europa.eu/transport/media/publications/doc/trends-to-2050-update-2013.pdf
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g CO2/km 

 

  

 

ƛƴǘŜƴǎƛǾŜ ǘƘŀƴ ǘƻŘŀȅΩǎ ŀǾŜǊŀƎŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ŎŀǊ22. Given the 9ǳǊƻǇŜŀƴ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊΩǎ ŎƻƳƳƛǘƳŜƴǘ for 
decarbonisation by 2050, coupled with an increasing deployment of RES, electric vehicles could become 
nearly zero-carbon in terms of CO2 emissions by that time. In 2013, renewables represented 27% of the 
electricity produced in the EU-28, and more than half of the electricity generated was low-carbon23.   
 

 
Figure 22: Estimation of the carbon intensity of the electricity sector (g CO2/kWh) for EU-28 and other EU countries 

in 2015 and 2035 based on the EC Trends to 2050   

 

 

 
 

Figure 23: Average CO2 emissions (g CO2/km) of EVs (2010, 2015 and 2035) vs average CO2 emissions of new cars 
(2013) for EU-28 and other EU countries; Source: EURELECTRIC smart charging and e-mobility survey 

 

                                                        
22

 Annex 2 provides graphs with more information on the CO2 emissions of cars for all EU-28  
23

 EURELECTRIC Power Statistics 2015  

g CO2/kWh  
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Lastly, the power sector is covered by the E¦Ωǎ Emissions Trading Scheme (ETS) which means that the total 
CO2 emissions of power stations will not increase, even when more electricity is delivered for electric cars. 
 
Electricity is therefore an extremely effective way of solving the E¦Ωǎ transport emissions challenge. In 
particular, άǎƳŀǊǘ ŎƘŀǊƎƛƴƎέ ǿƛƭƭ ŀŘŘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ōŜƴŜŦƛǘ ōȅ ŀchieving emissions close to zero due to 
optimised charging. If cars are coordinated to charge at times of lower electricity consumption, they can 
optimise the use of existing capacity and use less emitting power plants running outside peak hours which 
would be needed to meet what are otherwise infrequent spikes in electricity demand, maximising their 
integration in the electricity system. Moreover, with smart charging the time of charge can be coordinated 
to coincide with available renewable capacity such as wind at night, or solar at noon, bringing further 
benefits in terms of emissions reductions.   

 
The following figures show total emissions and savings due to emissions avoided in Mt CO2 (million tons of 
CO2) when combustion fuel cars are replaced with EVs according to their estimated shares in the three 
scenarios analysed in this paper (slow, transition, revolution). The indices are based on the rates of 
emissions of vehicles that are currently registered and future emission levels as seen above. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 24: Total Million tons of CO2 emissions savings (Mt CO2) in the three scenarios; Source: EURELECTRIC smart 

charging and e-mobility scenario  

 
Our model shows that smart charging has the potential to achieve almost decarbonisation of electric 
transport due to the use of less emitting technologies as explained above. In the transition scenario, 
replacing the same share of conventional fuel cars with EVs would cut CO2 emissions by 36 Mt of CO2 in 
2035. With smart charging, these reductions could be further increased by 19% which would translate 
into overall CO2 emissions avoided of 43 Mt CO2 in 2035. In 2050, the transition scenario could reach 
significant CO2 emissions savings of 105 Mt CO2, and respectively 124 Mt CO2 with smart charging.     
 
 

 

Mt CO2 Slow Transition Revolution 

New cars       

2025 oil cars 4 7 10 

2035 oil cars 24 48 71 

2050 oil cars 70 140 207 

Average EVs 2015     

2025 EVs 1 3 4 

2035 EVs 9 18 26 

2050 EVs 26 52 77 

Average EVs 2035     

2025 EVs 1 2 3 

2035 EVs 6 12 18 

2050 EVs 18 35 52 

Smart Charging (2035)     

2025 EVs smart charging 0 1 1 

2035 EVs smart charging 3 5 8 

2050 EVs smart charging 8 16 23 
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Mt CO2 savings 

 

Million EUR CO2 savings 

 
Figure 25: Total Million tons of CO2 emissions (Mt CO2) savings (left) and Million EUR CO2 savings (right) in the 

three scenarios in 2035 and 2050  
 

AǎǎǳƳƛƴƎ ŀ ǇǊƛŎŜ ƻŦ мрϵ ǇŜǊ ǘƻƴƴŜ ƻŦ /hн in 2050 we could estimate that the savings achieved due to 
replacing conventional cars with EVs in terms of economic benefits would reach 1,571 million EUR per year. 
With smart charging, these economic benefits would be even higher, achieving 1,863 million EUR per year 
in terms of avoided costs on CO2.  

Additionally, the EV potential in terms of reducing energy consumption is also significant. EVs can be three 
times more energy efficient than conventional fuel cars. To illustrate, already today, assuming a 
hypothetical scenario of 100% car electrification, the potential energy efficiency of electric cars could 
achieve a net reduction of 137 Mtoe (million tons of oil equivalent) per year in the EU24.  

 
Figure 26: Energy efficiency potential of 100% car electrification (Mtoe); Source: EURELECTRIC smart charging and e-

mobility survey   

                                                        
24

 Assumptions: average mileage of 15,000 km per car/year, an electric car consumption (3,000 kWh BEV and 1,100 
kWh PHEV), oil import price around 0.55 ϵ/litre  
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In the EURELECTRIC transition scenario, a share of 10% EVs would achieve a net reduction of 9.5 Mtoe per 
year in 2035, with a reduction on oil imports of 12,500 million EUR and accumulated savings of around 
72,000 million EUR in the next 20 years. In the revolution scenario, the energy savings would be 20.5 Mtoe, 
with a resulting reduction in oil imports of 26,700 million EUR and accumulated savings of around 153,000 
million EUR.  
 
Finally, as the cost of grid reinforcements would be otherwise spread across all electricity grid customers 
through network tariffs if no smart charging strategy were used, the fact that these could be avoided 
represents an additional economic advantage for customers and society. To sum up, smart charging has the 
potential to reduce CO2 emissions and costs while increasing system efficiency and social welfare. 
 

4. Smart charging strategies: examples from the industry 

In short, while growing shares of EVs could provide flexibility as mobile loads and storage resources that 
can integrate renewables, this potential can be tapped only if vehicles are charged in a smart way.  
Otherwise, on the contrary, their charging could even have a detrimental effect on the power system.  
 
The simplest form of charging electric vehicles is when the charging process is not controlled by an external 
factor i.e. drivers are allowed to recharge as and when they wish. This approach requires no changes to the 
market design or operation of the distribution system but can dramatically increase the peak load in a given 
area, causing overloads and grid congestions. Existing strategies with prices signals which may require little 
change in network design i.e time-of-use or dynamic tariffs could be used to influence customer behaviour. 
Customers are therefore expected to react in an active way to price signals and that they shift their 
electricity usage to the lower tariff period. The interaction with the customer is done by using 
unidirectional communication signals to the meter or the load.  
 
Considering the most common case of charging vehicles at home, when prices are low at night or when 
there is cheap surplus renewable capacity available (i.e sun during the day, wind during the night), this can 
be done be using simple control mechanisms. One way would be to connect the cars all the time when 
parked at home so that most frequently the charging takes place, it will require only part of the total 
battery capacity. Another strategy would be to have a controlled charging station so that the charging will 
start only at best price hours thereby carrying a financial benefit for the customer.  
 
A simple timer-based mechanism such as clock system (which may be provided within the EV) can fulfil the 
control mechanism. This solution can be effective in an early phase with a low electric vehicles penetration 
in the power system. However, as the electric vehicle market grows, EURELECTRIC stresses that this 
solution can have a major drawback for the electricity grids: synchronisation of all charging sessions can 
lead to excessive peaks of power demand at some other point in time (e.g. grid congestions and new peaks 
could happen even during the night due to simultaneous charging as EV loads tend to charge at the 
beginning of the low tariff period).   
 
Therefore, more advanced control mechanisms should be considered, taking into account control signals 
from the DSO, with an energy management system (EMS) within the house or in the charging station to 
coordinate the charging process with other uses so as to minimize peak demand. If smart metering is 
implemented within the house, the EMS may use the signals and data from it. Smart meters may also help 
to optimise the extent to which EV loads would be discouraged to be used simultaneously when time-
varying prices are applied. In addition, advanced controlled charging will require an intelligent bi-directional 
communication to exchange information between the electric vehicles and the charging stations.  
 
More advanced features of charge management strategies can be achieved with the possibility of providing 
advanced grid-supporting flexibility with the use of bi-directional power flow mechanisms (V2G). An 
example of an interim Vehicle-to-Home technology was initiated by Nissan in Japan (see example 3).  
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Examples of smart charging from industry and pilot projects  

1) Smart charging at Enexis ς an example from the Netherlands  

Smart charging is nothing more than tuning the power with which to charge an electric vehicle. It is the 
motivation behind this process that makes smart charging interesting. There are basically four different 

actors that can influence the tuning of the charging 
power:  

1. The grid operator, who does not want to 

overload its cables and transformers; 

2. All actors in the wholesale market that want 

predictability of consumption and flexibility to 

balancing supply and demand; 

3. The drivers, who want a full (enough) 

battery when they need it;  

4. The owners of local renewables that want 

to use the locally produced energy to locally charge 

EVs. 

 

Enexis carries out pilots on all 
these four levels in order to 
come to a holistic smart 
charging approach. The 
example below shows how 
smart charging can be realised 
ŦǊƻƳ ŀ ƎǊƛŘ ƻǇŜǊŀǘƻǊΩǎ Ǉƻƛƴǘ ƻŦ 
view.  

In the head office of Enexis, 
the power consumption is not 
constant. The graph shows 
the ōǳƛƭŘƛƴƎΩǎ power 
consumption without the 16 
electric vehicles available. The 
peak in consumption is caused 
by the canteen during lunch 
time. The purpose of smart 

charging in this case is to charge the vehicles in such a way that they take less energy during lunch time, in 
order to avoid overloading the fuses of the building.  

Calculations show that without smart charging - assuming a worst case scenario when all charging points 
are using maximum capacity during lunch time, about 18 charge points could be installed. But with smart 
charging - taking into account the non-constant available capacity, a much higher number of about 300 
charge points could be installed. 
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The system that was built for this is shown below: 

 

Figure 27: Smart charging value chain; Source: Enexis  

 

The back-office of the DSO contains an algorithm that is able to predict the power consumption for each 
phase 24 hours in advance. This is also why there is a difference between the dashed and the solid line in 
the second figure above: the solid line shows the prediction whereas the dashed line shows the actual 
measurements. Using predictions instead of real time measurements is important for three reasons: 

1. If there are technical problems, there are 24 hours available to fix the problems before the system 

crashes. 

2. If you decide to postpone charging because energy prices will be lower in a few hours, it is vital that 

you know if there is sufficient capacity in a few hours.  

3. It allows for better planning of charging schemes (you can give certain cars higher priority). 

The DSO produces a forecast of the available capacity over time (which is a mirrored version of the graph in 
the second figure above) and sends this to a back-office that is able to control the charge spots. This could 
be an e-Mobility Service Provider, a Charging Station Operator, or in more general terms: an aggregator. 
The protocol used to communicate about this information is the Open Smart Charging Protocol (OSCP). 
OSCP was recently adopted by the Open Charge Alliance as a new standard. The two most important 
messages within OSCP are: 1) information about available capacity for flexible loads; and 2) the possibility 
to return capacity or ask for extra capacity.  

The protocol has a wider range of application that goes beyond electric vehicles only. More complex cases 
with for instance several operators on the same site are worked out but not described here.  

Given the available capacity over time, the aggregator can decide how to charge the EVs. There are many 
ways to do this (contract based, priority based, based on user-interaction, fair division, etc.). It is important 
to notice that the grid operator in this scenario does not decide how the individual EVs can be charged. In 
9ƴŜȄƛǎΩ ǾƛŜǿΣ ǘhis is up to a commercial party which has a client relation with the electric vehicle driver. The 
grid operator merely gives information about the available band-with.  

Charging in this way ŀǘ 9ƴŜȄƛǎΩ ǇǊŜƳƛǎŜǎ is very profitable. If charging points were installed at all 150 
parking spots available in the basements and smart charging was not used, the increase in hardware costs 
and grid oǇŜǊŀǘƻǊ ŦŜŜǎ ǿƻǳƭŘ ōŜ ŀōƻǳǘ ϵмоΣлл0 per month. But if smart charging was applied, there would 
ōŜ ƴƻ ƴŜŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ŎŀǇŀŎƛǘȅ ŀǘ ŀƭƭΦ  

This is very important since it means that, already within the current market situation, there is a big 
financial benefit for smart charging in private locations. If, in the next years, we can roll out smart charging 
in this way, it could be the ideal stepping stone to also enabling uptake of smart charging in the public 
domain - which is a bit more complicated to regulation.  
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2) Electric vehicles as storage device and balancing capacity ς an example from the 
GridTech EU project   

One interesting aspect of smart charging is that EVs with intelligent, controlled charging could be used as 
storage capacity similar to existing ones. In addition, EV could have future potential to provide balancing 
services to the grid as well. This is currently being demonstrated in the GridTech EU-funded project, which 
is EEGI (European Electricity Grid Initiative) core labelled25.  

The potential of EVs to offer storage capacity to the grid system operator varies largely depending on the 
time when they are plugged into the grid. The highest EV charging capacity - and thereby potential 
controllable load for the grid operator is usually available when vehicles are stationary or parked ς at night, 
or to a lower extent, at noon during working days. By contrast, the potential EV charging power is lowest in 
the early morning or evening rush hours when the cars are usually in use, on the roads. With high RES 
penetration, wind power could for instance be used at night to meet EV demand, or surplus solar power 
during the day at noon time. An intelligent business model could help to overcome low charging power.  

άPlug-in while Parkingέ concept business model  

The project has also analysed different business models that could attract customers into using smart 
charging services for grid operations. EVs offer today driving ranges of 150 km or 200 km which can easily 
cover customersΩ Řŀƛƭȅ ǘǊƛǇǎ ƻŦ ƴƻǊƳŀƭƭȅ ƭŜǎǎ ǘhan 50 km for several days. Thus, there is no need for daily 
recharging and leads to a situation that cars were plugged in on demand. From a grid point of view 
therefore, the cars will be plugged into the grid only for a few hours within three or four days. DSOs and 
suppliers should offer incentives to encourage customers to connect their car to the grid whenever the car 
is standing. This will lead to a situation where less power will be needed to fully recharge the battery for a 
ƴŜǿ ǘǊƛǇΦ {ǳŎƘ ŀ άtƭǳƎ ƛƴ ǿƘƛƭŜ tŀǊƪƛƴƎέ όǎŜŜ ŦƛƎǳǊŜ ōŜƭƻǿύ ōǳǎƛƴŜǎǎ ƳƻŘŜƭ ŎƻƴŎŜǇǘ ǿƛƭƭ ƻŦŦŜǊ ǘƘŜ ƎǊƛŘ 
operator a controllable power tool for supporting grid load flow and power management. The real situation 
ǿƛƭƭ ƻŦ ŎƻǳǊǎŜ ōŜ ƛƴ ōŜǘǿŜŜƴ ǘƘŜǎŜ ǘǿƻ ǎŎŜƴŀǊƛƻǎΥ  ά/ƘŀǊƎŜ ƻƴ 5ŜƳŀƴŘέ ŀƴŘ άtƭǳƎ ƛƴ ǿƘƛƭŜ tŀǊƪƛƴƎέ.  

 

Figure 28: Influence of Business Models in Grid Tech simulations; Source: GridTech, Verbund 

 
With future technology developments on the generation and the demand side, electric vehicles will be able 
to influence the electricity system and offer benefits to the distribution grids. Technologies such as e.g. 
inverters for wind and PV power will be able to monitor grid voltage and frequency, and to deliver active 
and reactive power control in order to stabilise the grid. Smart charging of EVs can offer high flexibility 
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 GridTech project co-ŦǳƴŘŜŘ ōȅ ǘƘŜ 9¦Ωǎ LƴǘŜƭƭƛƎŜƴǘ 9ƴŜǊƎȅ 9ǳǊƻǇŜ tǊƻƎǊŀƳƳŜ http://www.gridtech.eu 

http://www.gridtech.eu/






http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/ec/145397.pdf




http://www.greenemotion-project.eu/home/home.php


























http://www.eurelectric.org/

