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1 INTRODUCTION 

 

The objective of this deliverable is to give an overview of future technological, technical and 

financial/economic impacts of Vehicle 2 Grid on energy networks (mainly MV and LV networks managed 

by DSOs) but also, thanks to new technical legislation on demand side management and demand 

response at energy markets levels in several European countries, on dispatching and ancillary markets. 

After an overview of current EV rollout scenarios and related energy and power impacts on the energy 

systems, the document will analyze possible benefits coming from άsmart chargingέ and V2G solutions 

for peak shaving and shifting but also other services to networks and markets. 
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2 EVS & ENERGY 

2.1 2.1 DATA AND PROJECTIONS OF EV SALES, BOTH SHORT TERM AND LONG TERM. 

Global EV sales are growing at a very fast rate, we all know this, but it is of absolute importance to know 

the magnitude of this growth with accurate projections in order to develop an efficient set of scalable 

solutions to the challenges this new segment presents. As of 2017, the global stock of EVs worldwide 

amounted to 3,7 million units (excluding two- ŀƴŘ ǘƘǊŜŜ ǿƘŜŜƭŜǊǎύΣ ōǳǘ ǘƘŜǊŜΩǎ no real consensus for the 

long term growth of the worldwide sales. Using two different reports as an example1, we can see that 

the differences in the projections are pretty consistent, up to 100 million units difference2: 

 

Chart 1, IEA Analysis developed with the IEA Mobility Model (IEA 2018). 

 

While the New Policies Scenario projects a global stock of EVs of 13 million units by 2020 (up from 3,7 

million in 2017) and nearly 130 million vehicles by 2030 (always excluding two- and three-wheelers from 

ǘƘŜ ŜǉǳŀǘƛƻƴύΣ ǘƘŜ 9±олϪол {ŎŜƴŀǊƛƻ ǇǊƻƧŜŎǘǎ ŀ Ǝƭƻōŀƭ ǎǘƻŎƪ ƻŦ 9±ǎ ǘƘŀǘ ƛǘΩǎ ƴŜŀǊƭȅ ŘƻǳōƭŜ ƻŦ ǘƘŜ bŜǿ 

tƻƭƛŎƛŜǎ {ŎŜƴŀǊƛƻΩǎ ŦƛƎǳǊŜǎΣ ŀ ǊŀǘƘŜǊ ƻǇǘƛƳƛǎǘƛŎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΦ /ƻƴŎŜǊƴƛƴƎ ȅŜŀǊƭȅ ǎŀƭŜǎ ŦƛƎǳǊŜǎΣ ǘƘŜ ǘƻǘŀƭ ƴŜǿ 

EVs in the market will amount to roughly 4 million in 2020 (3 times more than in 2017) and this figure will 

grow up to 21,5 million by 2030. This corresponds to a 24% average year-on-year sales growth over the 

projected period, per the New Policies Scenario. On the other hand, looking at the final figures of the 

graphs, the EV30@30 Scenario projects a global stock of 228 million EVs by 2030, which is roughly 100 

million more than in the New Policies Scenario by the same year. In order to achieve this lofty 

electrification goals, a strong policy support is as vital as the technology advancement and the 

                                                           
1 New Policies Scenario Report and EV30@30 Scenario. 
2 IEA Mobility Model analysis, in IEA Global EV Outlook, 2018, pag. 78. 
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investments in the necessary infrastructures.  

[ŜǘΩǎ ƘŀǾŜ ŀ ǉǳƛŎƪ ƎƭŀƴŎŜ ŀǘ ǘƘŜ Ǉŀǎt development of just the European market before we move on. The 

growth is steady and is spiking up, especially in the BEVs, reaching 2 years ago more than 230.000 units 

overall (with more than 110.000 fully electric vehicles).  

 

Chart 2, BEV - PHEV comparison. 
 

²ƛǘƘ ǘƘŜǎŜ ŦƛƎǳǊŜǎ ƛƴ ƳƛƴŘΣ ƭŜǘΩǎ shift our attention to a more important topic for our deliverable, and 

ǘƘŀǘΩǎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜǎŜ ƴǳƳōŜǊǎ ƻƴ ǘƘŜ ǇǊŜ-existing energy infrastructures operated by the various 

utilities across the world. 

2.2 GLOBAL EV ENERGY CONSUMPTION AND THEIR IMPACT 

Concerning the impact of electric EVs on the global energy consumption numbers, there is a general 

consensus that, while it would undoubtly increase the values of gross consumption, a massive increase 

in EV recharging would only slightly affect the figures. By 2035, Sebastian Gruter, James Moore &, Capital 

Goods Research3 estimate only a 3% global electricity demand increase, roughly a 0,2 annual growth, 

which is really manageable by the utilities, especially when one considers the general increased efficiency 

                                                           
3 ά/ŀǇƛǘŀƭ DƻƻŘǎΥ 9ȄƛǘΣ tǳǊǎǳŜŘ ōȅ ŀ .ŜŀǊέΣ {Ŝōŀǎǘƛŀƴ DǊǳǘŜǊΣ WŀƳŜǎ aƻƻǊŜ ϧΣ /ŀǇƛǘŀƭ DƻƻŘǎ wŜǎŜŀǊŎƘΣ wŜŘōǳǊƴΣ 

London, July 2018. 
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in pƻǿŜǊ ŎƻƴǎǳƳǇǘƛƻƴ ǘƘŀǘ ǿƛƭƭ ƴŀǘǳǊŀƭƭȅ ŎƻƳŜ ǿƛǘƘ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎΩ ǇǊƻƎǊŜǎǎΦ 

¢Ƙƛǎ ǊŜǇƻǊǘ ǳƴŘŜǊƭƛƴŜǎ ƻƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ ŎǊƛǘƛŎŀƭ Ǉƻƛƴǘǎ ǘƘŀǘ ǿŜΩƭƭ ŘƛǎŎǳǎǎ ƭŀǘŜǊ ƻƴ ƛƴ ǘƘƛǎ ŘŜƭƛǾŜǊŀōƭŜΣ ŀƴŘ 

ǘƘŀǘΩǎ ǇŜŀƪ ǘƛƳŜ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇtion, but more on that later. As far as figures go, current data has the 

annual global energy consumption for EVs at a modest 54 TWh4 όнлмтύ ŀƴŘ ǘƘŀǘΩǎ ǇǊŜŘƻƳƛƴantly because 

of the really developed chinese market, which takes about 91% of this number5  

 

Chart 3, IEA analysis based on country submissions.  

 

The projected figures long term assess themselves at about 1.800TWh by 2040, per the aforementioned 

report6, a figure that amounts only to 5% of the projected worldwide gross electricity demand of 20407. 

As masǎƛǾŜ ŀǎ ǘƘƛǎ ƎǊƻǿǘƘ ƳƛƎƘǘ ǎŜŜƳΣ ƛǘΩǎ ǊŜŀƭƭȅ ƴƻǘ ǘƘŀǘ ŎƘŀƭƭŜƴƎƛƴƎ ŦǊƻƳ ŀ ƎǊƻǎǎ ǇǊƻŘǳŎǘƛƻƴ ǇŜǊǎǇŜŎǘƛǾŜΣ 

ŀƴŘ ǘƘŀǘΩǎ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ well-known efficiency of the EVs compared to their ICE-powered counterparts.8  

                                                           
4 IEA analysis based on country submissions, 2018. 
5 IEA Global EV Outlook 2018. 
6 Ibidem. 
7 Between 2035 and 2040 we can observe a 2% increase in global electric energy consumption directed towards EV 

recharge. These 5 years should be the most intense in terms of EV impact growth. 
8 The increased efficiency and general energy savings totally justify this slight increase. The resources should be 

directed towards more electric energy production, but nonetheless there will be countless beneficial effects with 

this transition. 
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Chart 4, Source: Bloomberg New Energy Finance Report. 

 

 {ƻ ŦŀǊ ǿŜ ƘŀǾŜ ōŜŜƴ ǘƘǊƻǳƎƘ ǎƻƳŜ ƎŜƴŜǊŀƭΣ ƻǊ ǿŜ ǎƘƻǳƭŘ ǊŀǘƘŜǊ ǎŀȅ Ǝƭƻōŀƭ ƴǳƳōŜǊǎΣ ōǳǘ ƭŜǘΩǎ ŘƛƎ ŀ ōƛǘ 

further in the small figures that each EV brings as energy demand to the grid. According to the Canadian 

award-winning information and technology company Fleetcarma9, the average EV who covers 40 km per 

day10 needs 6-8 KWh to be recharged11 όŘŜǇŜƴŘƛƴƎ ƻŦ ŎƻǳǊǎŜ ƻŦ ǘƘŜƛǊ ǊŀƴƎŜ ŎŀǇŀōƛƭƛǘƛŜǎύΣ ŀƴŘ ǘƘŀǘΩǎ ŀōƻǳǘ 

the same energy consumption of a small household12, effectively doubling the ƭƻŎŀƭ ƎǊƛŘΩǎ ƴŜŜŘǎ ƛƴ ǘŜǊƳǎ 

of energy and probably creating some issues in terms of grid stability if charging occurs at peak hours. 

Professor Mohammed Beshir of the University of Southern California confidently states that: «The 

ǳǘƛƭƛǘƛŜǎ ƘŀǾŜ ǇƭŜƴǘȅ ƻŦ ǘƛƳŜ ǘƻ Ǉƭŀƴ ŀƘŜŀŘΣ ώΧϐ LŦ ŜŀŎƘ ƘƻƳŜ ƻƴ ŀ ōƭƻŎƪ ƎŜǘǎ ƻƴŜ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜΣ ǘƘŀǘΩǎ 

ǇǊƻōŀōƭȅ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ŘƻǳōƭŜ ǘƘŀǘ ōƭƻŎƪΩǎ ŜȄƛǎǘƛƴƎ ǇƻǿŜǊ ƭƻŀŘ13.» and the critical point will be reached 

ǿƘŜƴ ƳƻǊŜ ǘƘŀƴ мр҈ ƻŦ ǘƘŜ ǊǳƴƴƛƴƎ ǾŜƘƛŎƭŜǎ ǿƛƭƭ ōŜ Ŧǳƭƭȅ ŜƭŜŎǘǊƛŎΦ {ƻ ǿƛǘƘƻǳǘ ŦǳǊǘƘŜǊ ŀŘƻ ƭŜǘΩǎ ŦƻŎǳǎ ƻǳǊ 

attention on the impact that EVs have on the grid. 

                                                           
9 https://www.fleetcarma.com/impact-growing-electric-vehicle-adoption-electric-utility-grids/  
10 A rather long commuting distance, by European standards at least.  
11 Every day, on average, in order to be fully charged. The energy demand for a full 0-100% charge is obviously more. 
12 Source: https://www.fleetcarma.com/impact-growing-electric-vehicle-adoption-electric-utility-grids/  
13 CǊƻƳ aǊΦ .ŜǎƘƛǊΩǎ ²Lw95 ƛƴǘŜǊǾƛŜǿΥ https://www.wired.com/story/electric-cars-impact-electric-grid/  

https://www.fleetcarma.com/impact-growing-electric-vehicle-adoption-electric-utility-grids/
https://www.fleetcarma.com/impact-growing-electric-vehicle-adoption-electric-utility-grids/
https://www.wired.com/story/electric-cars-impact-electric-grid/
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3 EVs & DSO GRIDS 

 

3.1  CURRENT CHARGING INFRASTRUCTURES AND RECHARGING MODELS 

Most of the charging in the current EV landscape, about 80%, is absorbed by private charging, either in 

parking lots, garages or in office buildings14Σ ŀƴŘ ǘƘƛƴƎǎ ǎƘƻǳƭŘƴΩǘ ǊŜŀƭƭȅ ŎƘŀƴƎŜ ǘƘŀǘ ƳǳŎƘ ƛƴ ǘƘŜ ŦǳǘǳǊŜΣ 

mainly because of the short distances that the average European commuter covers on a daily basis 

(between 20 and 80 km per day). Low speed AC charging is the most common fixture, as most of the 

recharges, predictably, occur during night time, so the energy needed to recharge the vehicle is diluted 

through many hours, as the average battery pack of a BEV approximately needs from 6 to 10 hours in low 

speed AC charging in order to be fully recharged.  

 

Chart 5, Most common charging standards in the World, Tesla not included. 

                                                           
14 A. Wargers, J. Kula, F. Ortiz De Obregon, D. Rubio, Smart charging: integrating a large widespread of electric cars 

in electricity distribution grids. EDSO technology committee, march 2018. 
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Chart 6, Charging times depending on the adopted standard (see chart 5). 

 

As of now, the basic preexisting infrastructures do not seem powerful enough to fully guarantee an 

adequate support for the EV market growth and its potential both in terms of ecological impact and 

possible economic revenues. Because of the previously mentioned current recharging methods, mostly 

low voltage and domestic, the DSO operators will have to manage carefully the low voltage distribution 

networks, who could be challenged in terms of peak time power management. Because of the expensive 

nature of diffused upgrades throughout the whole distribution networks and grid reinforcements, we 

should now take a more detailed look at the on-grid impact of EVs in order to assess the importance of 

innovative solutions concerning the EV recharging topic. 

3.2  DSO AND GRID PROBLEMS CAUSED BY EVS DIFFUSION 

What are the biggest risks involving the interaction between many EVs and a standard electric grid? 

If no real load management measures are applied, a large amount of the distribution system would have 

to be strongly upgraded: transformers, feeders, etc.15 First and foremost, EVs seem to affect the weak 

ƭƛƴƪ ƻŦ ǘƘŜ ōƛƎ ǇƛŎǘǳǊŜΣ ŀƴŘ ǘƘŀǘΩǎ ǘƘŜ ǇƻǿŜǊ ǘǊŀƴǎŦƻǊƳŜǊǎ ǿƘƻ ŘŜƭƛǾŜǊ ǘƘŜ ƎǊƛŘΩǎ ŜƴŜǊƎȅ ǘƻ ǘƘŜ ǾŀǊƛƻǳǎ 

applications. Using the USA system as a comparison, we can observe that the transformers in danger of 

overloading if every household doubles their electricity needs, a scenario that could easily happen 

according to numerous sources16. Per Fleetcarma: «If multiple electric car owners use the same 

distribution transformer (such situation is referred to as clustering), they may cause damage or outages 

from overloading the equipment or by shortening their normal cool-down period. A single overloaded 

transformer can, in turn, degrade power quality in other residential feeders. Some studies suggest that 

higher peneǘǊŀǘƛƻƴ ǊŀǘŜ ƻŦ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ ƛƴŎǊŜŀǎŜ ǘǊŀƴǎŦƻǊƳŜǊǎΩ ƭƻǎǎ-of-life factor, even by up to 10,000 

times. And this comes with a hefty price tag. The Sacramento Municipality Utility District, for example, 

Ƙŀǎ ǊŜŎƻƎƴƛȊŜŘ ǘƘŀǘ ŀōƻǳǘ мт҈ ƻŦ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǘǊŀƴǎformers may need to be replaced as a result of EV-

                                                           
15 Ivi, pag. 10. 
16 See: note 13, 14. 
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related overloads, at an average estimated cost of $7,400 per transformer.17». If there was an instant 

switch from all existing vehicles to EVs, the annual increase of electric consumption would assess itself 

around 30%18Φ ¢ƘŜ 95{h ǊŜǇƻǊǘ ǊŜǎƻƴŀǘŜǎ CƭŜŜǘŎŀǊƳŀΩǎ ƎƭƻƻƳȅ ǎŎŜƴŀǊƛƻ ŀƴŘ ǎǘǊŜǎǎŜǎ ƻǳǘ ǘƘŜ ǇƻǎǎƛōƭŜ 

impact at the low voltage level (houses), where the large additional load that comes from the EV charging 

would add a steep increase in overall energy consumption. This scenario would cause, in the case of 

multiple households having to recharge their EVs simultaneously (for instance during the evening), to the 

ƛƴŜƭǳŎǘŀōƭŜ ƴŜŜŘ ǘƻ ǊŜŎƻƴŦƛƎǳǊŜ ǘƘŜ ǿƘƻƭŜ ǊŜǎƛŘŜƴǘƛŀƭ ƎǊƛŘΣ ŀƴŘ ǘƘŀǘΩǎ ƴƻǘ ŜǾŜƴ ŦŀŎǘƻǊƛƴƎ ǘƘŜ ǉǳŀƭƛǘy issues 

that might come up19. In Europe, where the average electric network is more powerful and stable than 

in the USA20, the need of replacement figures would probably be much lower than the 17% previously 

mentioned. A true game changing solution would be the heavy implementation of VPPs, where the EVs 

also play an important role as decentralized ESS systems. 

 

Chart 7. Source cited above. 
 

As shown by the graph above, the pilot capacities of the two main alternatives for traditional DSO 

networks are still very small in terms of energy output, but should rapidly grow into a solid energetic 

reality.  

                                                           
17 https://www.fl eetcarma.com/impact-growing-electric-vehicle-adoption-electric-utility-grids/ 
18 ¢ƘŀǘΩǎ ŀƴ estimation for the USA, but the number should be pretty close to even for European countries. 
19 A. Wargers, J. Kula, F. Ortiz De Obregon, D. Rubio, Smart charging: integrating a large widespread of electric cars 

in electricity distribution grids. EDSO technology committee, march 2018. 
20 Both operate at 60 hz but EuropeΩǎ domestic standard is operated at 220 VAC, whereas overseas many of the 
grids are 120 V, something that increases safety in potentially deadly situations, but makes the grid more fragile, 
especially in peak times. 

https://www.fleetcarma.com/impact-growing-electric-vehicle-adoption-electric-utility-grids/
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Another important impact on the energy networks, especially in urban areas, will be the one of charging 

infrastructure for public transport: current preferred models of centralized charging stations in dedicated 

bus hubs charging almost simultaneously during the night several buses with batteries reaching 350 kWh 

could cause some issues in terms of peak load and network stability. Decentralized charging 

infrastructures at bus stops, coupled with reduced on-board battery packs could improve grid stability in 

a long term without less investments on the energy grids. 

 

3.3 THE SMART CHARGING HORIZON 

.ŜŦƻǊŜ ǿŜ ǎǘŀǊǘ ŘƛǎŎǳǎǎƛƴƎ ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ ǘƘŜ ±нDΣ ƭŜǘΩǎ just take a step back and assess more in general 

ǘƘŜ ƴŜŜŘ ǘƻ ǳǇŘŀǘŜ ƻǳǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎ ǘƻ ǘƘŜ άǎƳŀǊǘέ ǇŀǊŀŘƛƎƳ ǘƘŀǘ ǎŜŜƳǎ ǘƻ ǇŜǊƳŜŀǘŜ ŜǾŜǊȅ ŜŎƻƴƻƳƛŎ 

ŀƴŘ ǎƻŎƛŀƭ ǎŜŎǘƻǊ ƻŦ ƻǳǊ ǎƻŎƛŜǘȅΦ ά{ƳŀǊǘέ ŎƘŀǊƎƛƴƎ ƳŜŀƴǎ ŦƛǊǎǘ ŀƴŘ ŦƻǊŜƳƻǎǘ ŎƻƳƳǳƴƛŎŀǘƛƴƎ ŀƴŘ 

connected infrastructures, coordinated by a central operation unit or, maybe even better, through a IoT 

network. Smart contract with incentives for customers to shift their energy consumption from peak times 

to off-peak periods. 

This is the first real step every public body in charge of planning a large rollout of e-mobility should aim 

at to ensure both technical and financial sustainability for all involved stakeholders (DSOs, EMPS and 

/thǎΣ ŜƴŜǊƎȅ ƳŀǊƪŜǘǎΧΦύΦ [ŜǘΩǎ ƘŀǾŜ ƳƻǊŜ ƎŜƴŜǊŀƭ ƭƻƻƪ ƻƴ ǘƘŜ ǎƳŀǊǘ ŜƴŜǊƎȅ ǳǎŜ ŀǎ ŀ ǎǘǊŀǘŜƎƛŎ ŀǎǎŜǘΣ ǎƻ 

we can underline a couple of further reoccurring themes. First of all, the main topic that needs to be 

addressed is the peak shaving capability of the whole electric architecture revolving around the demand 

ǊŜǎǇƻƴǎŜ ƳŜŎƘŀƴƛǎƳǎΦ .ƭƻƻƳōŜǊƎΩǎ ǊŜǎŜŀǊŎƘ21 indicates that the combined action of demand response 

and energy storage, something that can be done through the usage of EVs as energy storage devices too, 

significantly and favorably alters the peaks in energy consumption, as illustrated in the graph below:  

                                                           
21 Bloomberg NEF global demand response forecast 2018. 
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Chart 9, Source: Bloomberg NEF. 

 

Concerning peak shaving and peak shifting, letΩǎ round out the topic with a general overview of the 

benefits for the DSO/Utility. The first benefit for the utility through the usage of EVs as ESS is the 

possibility of expensive peaking plants replacement: the EVs are able to ǎǘƻǊŜ ŜƴŜǊƎȅ ŘǳǊƛƴƎ ƻũ-peak 

periods and discharge it during on-peak hours. The benefits also include savings from necessary upgrades 

to the transmission and distribution network, as we have already stated before, and it guarantees that 

the whole distribution system ǿƻƴΩǘ ŎƻƭƭŀǇǎŜ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ ǇŜŀƪǎΦ Last but not least 

among the principal benefits is the lack of energy losses in the supply chain, even if in Europe the problem 

is way less significant than in other areas of the world. 

Another ǎƻƭǳǘƛƻƴ ǊŜƭŀǘŜŘ ǘƻ ǇŜŀƪ ǎƘŀǾƛƴƎ ŀƴŘ ǇŜŀƪ ǎƘƛŦǘƛƴƎ ƛǎ ǘƘŜ ǎƻ ŎŀƭƭŜŘ άŘemand responseέ and 

άenergy responseέ ŀǊŎƘƛǘŜŎǘǳǊŜǎΣ ǿƘƻ compete to eliminate the highest and narrowest peaks of the 

energy consumption spectrum by using flexible loads to provide services to the power system. The global 

demand response market, specifically, will double its figures in the next 12 years, according to 

Bloomberg22 again: 

                                                           
22 Bloomberg NEF 4Q decentralized energy strategy trends. 
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Chart 10, Source Bloomberg NEF. 

  

The market shares of decentralized energy activities concerning EV charging and micro grids is steadily 

growing in the last 3 years, but it needs further enhancement through dedicated dynamic pricing policies. 

This is a delicate point, because it needs to be approved by all the energy authorities involved, that right 

now do not have sets of rules to enable this kind of innovative solutions. It must be clear, as the EDSO 

wŜǇƻǊǘ ŎƭŜŀǊƭȅ ǳƴŘŜǊƭƛƴŜǎΣ ǘƘŀǘ ǘƘŜ ǎƻ ŎŀƭƭŜŘ άƻǇŜƴ ƭƻƻǇέ ǎƳŀǊǘ ŎƘŀǊƎƛƴƎ Ŏŀƴ ōŜ ŀ ōƛǘ ǎǘŀǘƛŎ ŀƴŘ ƴƻǘ ŜƴƻǳƎƘ 

in order to comply with the future needs of the ever-growing EV market share.  
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Chart 11, Source cited above. 
 

This sort of dynamic pricing will be adjusted based on the local nature of the DSO congestions and loads, 

that may very well differ much from one another, so specific pricings will need to be conceived for all the 

different zones. A good example of this local balancing market system is the EU ά²ƛƴǘŜǊ tŀŎƪŀƎŜέ 

initiative, that encourages DSO-TSO cooperation23. Because of the legislative deficiencies, in the medium 

to short term there will be only a certain demand side management concerning the dynamic pricing of 

aggregate services, like the EVs recharging, in the frame of the European dispatching and ancillary 

markets, a topic that weΩƭƭ ǘƻǳŎƘ ƻƴ ƭŀǘŜǊ ƛƴ ǘƘƛǎ ŘŜƭƛǾŜǊŀōƭŜΣ ƴŀƳŜƭȅ ƛƴ ǘƘŜ ƭŀst chapter.  

3.4 POSITIVES OF THE V2G TECHNOLOGY CONCERNING THE GRID 

Since we showed that there can be substantial problems and costs to overcome by deploying a traditional 

grid to vehicle architecture, the natural extension of smart charging is the vehicle-to-grid technology. 

Because of onboard power electronics, intelligent connections to the grid, and interactive charger 

hardware control, BEVs can be now thought as energy storage reserves too, and V2G applications in 

general can provide safety blankets in case of need for power reacting support in peak time demand 

hours. Money savings would for the users still probably qualify as the strongest suit of this technology 

though: estimates concerning money savings range from 90$ to 4.000$ in the US, depending on location, 

                                                           
23 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52016PC0761 

 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52016PC0761
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power and energy market value, with net social benefits ranging from 300$ to 400$ per a report.24 As 

stated for the grid, there are differences between US pricings and EU pricings, especially when it comes 

to off-peak and onςpeak pricing, where the difference is smaller between the two extremes, so the saving 

figures would be, again, smaller than the US ones. This would still strongly boost, at least marketing-wise, 

both the energy providers and the potential EV customers to take on the burden of a new lifestyle, but a 

fairly advantageous one. 

 

 

Chart 12, Detailed representation of a V2G application. Source: M. Yilmaz, P. Krein. Review of Benefits and 
Challenges of Vehicle-to-Grid Technology .  

                                                           
24 .Φ tŜǘŜǊǎƻƴΣ WΦ ²ƘƛǘŀŎǊŜΣ ŀƴŘ WΦ !ǇǘΣ ά¢ƘŜ 9ŎƻƴƻƳƛŎǎ ƻŦ ¦ǎƛƴƎ tƭǳƎ-in Hybrid Electric Vehicle Battery Packs for Grid 

{ǘƻǊŀƎŜΣέ WΦtƻǿŜǊ {ƻǳǊŎŜǎΣ ǾƻƭΦ мфрΣ ƴƻΦ уΣ ǇǇΦ ноттςноупΣ нлмлΦ Lƴ aΦ ¸ƛƭƳŀȊΣ tΦ YǊŜƛƴΣ άwŜǾƛŜǿ ƻŦ .ŜƴŜŦƛǘǎ ŀƴŘ 

Challenges of Vehicle-to-DǊƛŘ ¢ŜŎƘƴƻƭƻƎȅέΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ Lƭƭƛƴƻƛǎ ŀǘ ¦ǊōŀƴŀΣ нлмнΦ  



D 5.2 Plan for the dissemination and exploitation 

 
 

 

V2G  Page 16 of 22 

 

4 EVs & V2G 
 

4.1 V2G FUNCTIONING AND APPLICATIONS 

What could be a solution to this threat? Obviously a diffused upgrade to the electrical grid would be the 

ǎŀŦŜǎǘ ǎƻƭǳǘƛƻƴΣ ōǳǘ ǊŜŎŜƴǘƭȅ ǘƘŜǊŜΩǎ ōŜŜƴ ŀ ƴŜǿ ǎƻƭǳǘƛƻƴ ŜƳŜǊƎƛƴƎ ŀƳƻƴƎ ƻǘƘŜǊǎΥ ǘƘŜ ±ŜƘƛŎƭŜ ¢ƻ DǊƛŘ 

technology. This solution requires a power connection to the grid, a communicating connection with the 

grid operator/energy markets intermediated by and Aggregator (a pretty important factor because of the 

large amount of information exchange that will take place in a complex V2G architecture) and adequate 

metering of the energy consumption, but guarantees several beneficial effects., V2G applications could 

help manage the energy loads by discharging and charging when the market needs it. This load shifting 

capabilities of the technology would save many resources in terms of money and energy efficiency, but, 

most importantly would reduce the need of new power plants in order to supply the massive peak 

recharging requestsΣ ǎƛƴŎŜ ŎŀǊǎ ƻƴƭȅ Ǌǳƴ ŀǘ Ƴƻǎǘ р҈ ƻŦ ŀ Řŀȅ ǎƻ ǘƘŜǊŜΩǎ ǇƭŜƴǘȅ ƻŦ ǘƛƳŜ ŦƻǊ ǊŜŎƘŀǊƎŜΣ ƛǘ Ƨǳǎǘ 

needs to be optimized25! The V2G is especially ideal to further enhance the renewable energy expansion, 

ōŜŎŀǳǎŜ ǘƘŜ 9±ǎ ŦǳƴŎǘƛƻƴ ŀǎ ŀ ǎǘƻǊŀƎŜ ǊŜǎŜǊǾŜ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊΣ ǎǘŀōƛƭƛȊƛƴƎ ǘƘŜ ƛƴǘŜǊƳƛǘǘŜƴŎȅ ǘƘŀǘΩǎ 

intrinsic in renewable energy production and is often not fully exploited. 

 

 

 

 

Chart 13, stylized representation of a V2G interaction between Grid, House, Unit and Vehicle. 

                                                           
25 A. Wargers, J. Kula, F. Ortiz De Obregon, D. Rubio, Smart charging: integrating a large widespread of electric cars 

in electricity distribution grids. EDSO technology committee, march 2018. 
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Chart 14, How peak power shifting from V2G services may work. 

 

4.2 PROBLEMS OF THE V2G ARCHITECTURE 

LŦ ǘƘŜǊŜΩǎ ƻƴƭȅ ǇƻǎƛǘƛǾŜǎΣ ǿƘȅ ƘŀǎƴΩǘ ǘƘŜ ±нD ŀƭǊŜŀŘȅ ōŜŎƻƳŜ ŀ Ƴŀƛƴǎǘŀȅ ƛƴ ŜǾŜǊȅ ǳǇ-to-date city 

ǿƻǊƭŘǿƛŘŜΚ !ǎƛŘŜ ŦǊƻƳ ǾŜƘƛŎƭŜ ǊŜƭŀǘŜŘ ǊŜŀǎƻƴǎ όǘƘŜǊŜ ŀǊŜƴΩǘ ŜƴƻǳƎƘ .9±ǎ ŀǘ ǘƘŜ ƳƻƳŜƴǘύΣ ǘƘŜ Ƴŀƛƴ 

problem is that the constant recharge and discharge could affect the battery life of the vehicles, 

effectively multiplying the recharging cycles through day and night when the grid asks for power. From a 

financial point of view the lost life cycles would drastically reduce the economic benefits of the grid and 

additional expenses would still be needed concerning infrastructures. Per Yilmaz and Krein, «The cost 

could significantly impact the reliability, security, efficiency, and economy of newly developing smart 

grids due to possible loss of transformer life. Degradation in the life of a typical distribution transformer 

can be reduced considerably by using a controlled charging scheme. Different penetrations of PEVs were 

studied based on transformer insulation life using a thermal model in. The results showed that a large 

penetration of PEVs can have great impact on the power gridτparticularly with poor coordination of 
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charging times. At a PEV penetration of 50%, transformer life is reduced by 200-300%26». There are many 

voices who disagree with this view though, like for instance Ian Cameron, head of innovation at UK Power 

Networks, and Francisco Carranza27, director of energy services at Nissan, who actually think that an 

intelligent control of the recharge through a smart charging network connected to the V2G could increase 

the life of the battery, and Nissan even has thought about a specific V2G standard needed in order to 

guarantee the battery warranty. 

 

 

  

                                                           
26 M. Yilmaz, P.T. Krein, Review of Benefits and Challenges of Vehicle-to-Grid technology, University of Illinois at 

Urbana. 
27 https://www.current-news.co.uk/blogs/inside-v2g-the-challenges-benefits-and-potential-of-vehicle-to-grid 

 

https://www.current-news.co.uk/blogs/inside-v2g-the-challenges-benefits-and-potential-of-vehicle-to-grid
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5 MARKET IMPLICATIONS  

As described above, EV large rollout could impact the energy networks but, if correctly managed and 

planned in all its aspects, could also represent a resource for several actors of the energy world. 

Electric vehicles, from an energy market point of view, will represent a new energy demand (not so 

fluctuating as RES because of what we discussed about domestic charging impacting for more than 80%) 

that networks should support without major drawbacks on assets management and quality of service for 

all the other users. 

In such a picture, smart charging and V2G could represent the turning point to reach EV large rollout 

sustainability: 

�x For DSO, which could benefit from a distributed source of flexibility (and storage) on their 

network granting network stability without major costs for assets renovation: 

�x For final EV users/owners, that could have cost reductions/incomes related to potential 

grid/market services (already feasible or enabled in the following years) 

�x For Aggregators, which could have more private customers or fleets to aggregate and used to bid 

for the services stated in the previous point. 

Up to now, there are only few pilot projects at national markets level enabling the participation of V2G 

in dispatching markets mainly for frequency and power regulation. Capacity markets, local balancing, 

reactive power support, load shifting, RES fluctuations storage could play important roles in future energy 

markets assets. Some of these pilot projects are currently granting final users between 400-550 euro 

(France) and 1.400 euro as average earning for EV owners. What will be the economics related to final 

market configurations will strongly depend on the effective numbers of users, whose willingness to 

participate will be strongly influenced also by technical outcomes on battery degradation due to V2G. It 

is also important to say that probably Aggregators participating in these projects, given the early, are 

giving up most of their incomes (leaving them to final users) just to attract EV owners and do trials on 

effectiveness, reliability and profitability. 

9ȄǇŜǊǘǎΩ ƻǳǘƭƻƻƪǎ όƛΦŜΦ .ƭƻƻƳōŜǊƎύ ŀǊŜ ŎƻƴǎƛŘŜǊƛƴƎ a very limited V2G adoption in energy market for at 

least 4 to 5 years: commercial fleets will be involved for sure before private users. 


