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Abstract 
The increasing number of distributed, intermittent energy resources and the growth of the 
electric vehicle fleet in Finland are requiring changes to the electricity grid. Simultaneously, 
the inertia of the electricity grid is getting decreasingly low, and the Finnish electricity grid 
operator, Fingrid, is launching new balancing methods to compensate for the lack of inertia. 
One of the emerging solutions to the grid imbalance problem is to use the batteries of electric 
vehicles as a grid balancing source. This technology is called Vehicle-to-Grid, V2G. In V2G, 
the vehicle’s battery acts as a demand response unit and is also capable of transferring en-
ergy to the grid. These actions help the electricity grid’s frequency to remain at 50.00 Hz. 
 
The objectives of this thesis are to calculate the potential power of the V2G system, design a 
communications architecture for the said system and to evaluate the business use cases it 
creates. The time scope to look at is set in 2030. The prerequisites for this research are gath-
ered through a literature review and the calculations and models are made based on the 
latest information. 
 
After realistic calculations with the estimated electric vehicle numbers of 2030 in Finland, 
the system can be deemed significant for nation-wide grid balancing. The main part of the 
communications design is choosing the suitable protocols. A fast 5G network will help the 
system, however the study shows that it is not necessary at the beginning of the adaptation 
process. Business aspects show that there are several different roles and use cases available 
in the V2G industry in the future. 
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Tiivistelmä 

Hajautettujen ja sääriippuvaisten energiantuotantoyksiköiden määrän ja sähköautokannan 
kasvaessa samanaikaisesti, suomalainen sähköverkko kaipaa muutoksia. Nämä asiat vai-
kuttavat myös sähköverkon inertian vähenemiseen ja suomalainen kantaverkko operaat-
tori, Fingrid, onkin lanseeraamassa uusia menetelmiä verkon tasapainotukseen, jota myös 
inertian puute vaatii. Sähköautojen akkujen käyttämistä sähköverkon tasapainotuksessa on 
tutkittu paljon, ja sitä pidetään lupaavana teknologiana. Teknologiaa kutsutaan tyypillisesti 
englanninkielisellä lyhenteellä V2G (Vehicle-to-Grid). Kyseisessä tekniikassa akkua käyte-
tään kysyntäjoustoyksikkönä, ja sähköauto pystyy myös siirtämään energiaa kohti sähkö-
verkkoa. Näillä vaihtoehdoilla sähköverkon taajuutta tasapainotetaan koko ajan ja haluttu 
taajuusarvo pysyttelee tasan 50,00 hertsissä. 
 
Tämän diplomityön tarkoituksena on: laskea kaksisuuntaisen latausjärjestelmän potenti-
aalinen tehomaksimi, suunnitella järjestelmälle tietoliikenneverkosto, ja näiden seurauk-
sena arvioida mahdollisia liiketoimintamalleja. Tarkasteluajankohtana toimii vuosi 2030. 
Esitiedot kerätään laajalla kirjallisuuskatsauksella, ja laskelmissa sekä mallinnuksissa käy-
tetyt tiedot ovat tuoreimpia mahdollisia. 
 
Relevanssilaskelmien jälkeen voidaan todeta, että sähköautojen ennustettu määrä Suo-
messa vuonna 2030 on varsin merkittävä, ja sähköverkon tasapainotusjärjestelmä soveltuu 
tällöin valtakunnalliseen käyttöön. Tärkeä osa tietoliikenneverkkosuunnittelua on sopivien 
kommunikaatioprotokollien valinta. Nopea 5G-matkapuhelinverkko on eduksi järjestel-
mälle, mutta tulokset osoittavat, että sen käyttö ei ole välttämätöntä järjestelmän käyttöön-
oton alkuvaiheessa. Liiketoimintamallien tarkastelun jälkeen voidaan nähdä, että kaksi-
suuntainen latausjärjestelmä tarjoaa tulevaisuudessa uusia käyttömahdollisuuksia ja liike-
toiminnan rooleja. 
 
 Avainsanat kaksisuuntainen lataus, sähköautosta sähköverkkoon, OCPP, 5G, arvoverkko-

konfiguraatio 
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Nomenclatures 
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1 Introduction 
 Global warming has become more relevant now than ever, since we are falling behind in our efforts to stop climate change [1], [2]. A partial factor of climate change is our de-pendence on fossil fuels for transportation (e.g., motor vehicles and aircraft) [3] and elec-tricity generation (e.g., coal and gas) [2]. Two individual solutions for addressing these problems have focused on the use of electric vehicles and alternative energy sources. The number of electric vehicles (EVs) has  increased exponentially due to general recognition of global warning and tax relief provided by government [3], with  the number of full electric vehicles in Finland rising by 94% in 2019 [4]. However, the share size of the fleet is still quite small, 29 365 vehicles [4].  Another potent solution to minimize carbon dioxide emissions has been to increase the share of renewable energy sources, such as solar power [5] and wind power [2], as well as increase the efficiency of hydro power [6]. However, these methods suffer from un-predictable production, thus creating problems for the power and frequency balance of the electricity grid [7]. The frequency of the electricity grid is based on the production matching the demand at all times [8]. At the time of the study, Finland uses a considerable amount of balancing power and reserve markets to keep the frequency of the grid at 50.0 Hz [8], and weather-related power peaks in the distributed energy will in the future make this even worse. Moreover, some of the balancing power is produced by non-renewable energy methods, with a major portion being mostly imported from Sweden. Constant bal-ancing of the grid and increasing inertia problems can also be seen as a problem for the environment, for the Finnish economy and for the company operating the process, Fin-grid. Fingrid is a Finnish government enterprise that is responsible for maintaining the balance of the electricity grid [9].  
This master’s thesis discusses the use of electric vehicles as a potential solution for main-taining a constant grid balance. Plugged-in EVs can act as an active balancing power source due to their ability to transfer power towards the grid very rapidly. Additionally, vehicles can also serve as a demand response unit, absorbing the power peaks on the grid. Such a two-way charging vehicle-to-grid (V2G) system has piloted by a small number of companies with and has shown positive results [10]. However, currently deployed com-munication solutions do not allow advanced, high-speed communication between every electric vehicle, the electricity grid and the grid operator. Instead, extremely low-latency, fast fifth generation (5G) communication architecture is required, and the current grid needs to be transformed into a smart electricity grid [8].  
1.1 Research objectives 
The thesis has three major objectives. The first aim is to conclude whether the potential power reachable with EV balancing is enough for nation-wide usage. The second objec-tive of this thesis is to design a 5G communication architecture with suitable protocols for managing the two-way charging and discharging of electrical vehicles using the grid. The last aim is to evaluate the feasibility of implementing the proposed architecture in terms of value, as well as changes required to the grid and the vehicle interfaces.  
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1.2 Research methods 
The research of this study involved literature review and working with several profes-sionals around the subject, who gave their opinions and recommendations. After gather-ing the knowledge needed, the objectives will be achieved by relevance calculations, modelling the communication architecture and applying the Value Network Configura-tion method on different use cases [11]. These objectives align the research process and the rest of this thesis.  
1.3 Structure of the thesis 
The thesis uses straightforward substance structure, building the overall view by intro-ducing one concept at the time, and then combining the knowledge from them when shift-ing into another subject. The rest of this thesis is organized as follows. Chapters 2 and 3 review electricity grid technologies and the charging of electric vehicles, respectively. Chapter 4 describes the technology underlying the V2G technology. Chapter 5 introduces the design of the full communication architecture. Possible scenarios and business aspects 
of the proposal are evaluated in Chapter 6, and the master’s thesis concludes by recom-mending areas for future work.   
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2 Smart grid and power balance 
 The second chapter of this master’s thesis covers the main problems and trends of the Finnish electricity grid. The knowledge of these attributes is fundamental pre-requisite for Chapters 4 and 5. This chapter introduces current operating methods of the grid, up-coming trends and changes, and how they help transforming our grid into a smart grid. Main drivers to this change are diminishing use of fossil fuels as energy resources and growing numbers of renewable energy resources to replace them [5]. These replacement actions are necessary to the acknowledgement of global warming and how far the green-house gas emission goals are currently [1]. Additionally, the usage and building of new nuclear power is still highly debated and limited [12], [13].  First, the following section covers Finnish electricity grid and Fingrid [9], the government owned grid operator company. After that, the chapter addresses the purpose of the fre-quency and power balancing, and the communication methods used to keep balance at the right value. The chapter finishes with the trends and changes on the grid industry.  
2.1 Finnish electricity grid and reserve products 
As stated already in this chapter, the energy economies around the world are changing towards more renewable approach. The electricity grid of Finland is no exception by be-ing a part of the bigger Nordic frequency area [8]. There are over three million locations using electricity in Finland and most of them do so every day [8]. This includes regular homes and summer houses, but also large factories and public buildings. Domestic elec-tricity production towards the grid was 67.5 TWh (Tera Watt-hour) in the year 2018. 
Same year’s consumption was 87.5 TWh, which means that there were 20 TWh of im-ported electricity needed. Most of the imported electricity comes from Norway and Swe-den [8]. Electricity is produced, priced and then distributed to the consumers. Fingrid is the national grid operator that monitors the functioning of the whole main grid.  The grid is divided to roughly 80 different electricity distributor companies, that oversee their own area and power lines [9]. The number of the companies is constantly decreasing, as the smaller distributors start fusing into each other [8]. Moreover, several smaller elec-tricity distribution companies are actually in financial trouble. Finland is quite sparsely populated country, and when people are moving away from already low population areas, there are not enough people to use electricity and therefore pay for the maintenance of the local distribution network [7]. However, the distribution grid in Finland is in relatively good shape for now, by virtue of most of the distribution grid is already dug or will be dug into the ground next few years [9]. Frequency measured in densely populated capital area is always the same as in sparsely populated Northern Finland [8], and therefore the health of the grid is important everywhere. Electricity markets in general have couple of different sub-markets, and in this paper, the focus is on the balancing capacity markets operated by Fingrid [9].  For electricity grid to work properly, the nominal frequency value has to be stable, and therefore, the production and consumption need to match. Finnish grid is part of greater area, the Nordic synchronous area that includes Finland, Sweden, Norway and Eastern part of Denmark [9]. The frequency used constantly in this area is 50.0 Hz [8]. The value can fluctuate between 49.9 Hz and 50.1 Hz, however if the deviation is any larger, some actions are needed. For example, a deviation of 1.0 Hz is considered a substantial amount 
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[8]. At the time of this study, Fingrid has five different reserve products in use, which it can manipulate to maintain grid balance, and these are all shown and compared in Figure 1 [9]. A sixth method is called Replacement Reserve, but it is not used currently in the Nordic electricity grid system.  

 
Figure 1. All Fingrid’s reserve products. Activation purpose and speed are also listed. Values are from 2019. Modified from source [14].  Each of the five balancing products has its own purpose and activation speed. Automatic Frequency Restoration Reserve (aFRR) and Manual Frequency Restoration Reserve (mFRR) are the slowest balancing power methods to activate [14]. aFRR was introduced to the Nordic electricity grid system in 2013, and it has been in active use ever since [15]. aFRR consist of relatively large power reserves, hence the minimum power they must produce in 5 min activation time must be 5 MW. Because the aFRR is automated, it is only activated in certain hours of the day [15]. All the balancing reserves used in aFRR and mFRR are taken from balancing capacity markets inside Finland or from other Nordic countries, mainly from Sweden [9]. Grid operators (e.g. power plants and large factories) can announce their capabilities for balancing to Fingrid, and Fingrid will compensate to the operators based on how much their regulation was needed during the day [15]. The balancing is not solely pushing additional power towards the grid, furthermore reserves can offer their added consumption of electricity in case of the frequency passes 50.0 Hz [14]. mFRR is the manual version of aFRR. If the automated products cannot provide required balancing, Fingrid takes reserves from the capacity markets and activates them manually [9]. mFRR should always be able to cover a brief loss of any production unit, even the largest one (N-1 principle). Hence, the activation time is increased to 15 min [9]. The use of mFRR is not ideal for Fingrid, and one of their goals is to try to lower the usage, although the outage of larger production units has to always be in consideration [14]. Large minimum regulation, manual activation and slow activation time are not ideal attributes, but still necessary.  Two different Frequency Containment Reserves are: for Normal operation (FCR-N) and for disturbances (FCR-D) [9]. In comparison to the FRRs, FCRs are much faster to acti-vate and have much smaller minimum regulation, 0.1 MW with FCR-N and 1.0 MW with FCR-D respectively. They are set to trigger automatically based on the deviation of the frequency [14]. The main difference between these two methods is the activation need. 
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FCR-N is meant for deviation caused by normal and predictable use of the grid, whereas FCR-D activates in case of unexpected disturbance [9]. The activation time is slightly longer with Normal operation balancing due to its predictable nature, as is shown in Fig-ure 1.  During the summer of 2018, Fingrid had to limit the production of the most significant power unit on three occasions [14]. The reason behind this was low inertia of the electric-ity system. In electricity grids, inertia means the ability to resist rapid frequency changes [16]. As more and more production methods that have heavy, rotating power systems (e.g. steam and gas turbines) are getting retired, the inertia continues to decrease [16]. These power systems are replaced with solar and wind systems that have no such ability [14]. The importance of hydro power increases constantly for the inertia standpoint, because it is one of the only renewable energy resources, that can have high inertia effect [6]. Fingrid has now developed a new balance product, Fast Frequency Reserve (FRR), that is speci-fied for the situations when the frequency is lower than 50.0 Hz and the inertia is also low [14]. FFR is planned to be extremely fast to activate on demand, activation times variating from 0.7 to 1.3 seconds [14]. FFR does not increase inertia itself, however its fast activa-tion speed covers the lack of inertia for a certain amount of time. At the time of this study, Fingrid is piloting FFR. FFR will start only on Finnish markets and is planned to be launched by the end of 2020 [14].  Since the frequency is synchronized in the whole Nordic area, the balance of the grid depends also on actions outside Fingrid’s operation zone. In the beginning of 2020, an unexpected situation occurred for the first time in Finland. The hourly stock price of elec-tricity turned negative for couple of hours [17]. The phenomenon occurred when the sup-ply of electricity was much higher than demand, as a result of storm raging in the Atlantic Ocean. Wind power plants in Norway and Denmark produced massive amount of elec-tricity in the middle of the night, when the consumption was low [17]. As renewable energy resources establish larger role, situations like this can happen more often. Hirth and Ziegenhagen [18] study grid balancing methods and propose an approach to take the weather forecast into account better, as the weather is a main factor in power peaks of solar and wind power. Their research focused on adding more renewable energy specific balance reserves while increasing the capacity of various renewable energy sources (VRE) in Germany.  Figure 2 summarizes the electricity production in Finland [19]. The increase of VREs and the decrease of fossil fuels can be seen during the past 20 years, which causes the balanc-ing problems listed in this chapter. As the trend continues, balancing and health of the electricity grid becomes more vital.  
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 Figure 2. Electricity generation by energy source in Finland 2000-2018. Wind power and hydro power are also renewable energy sources, even though they are separated here. [19]  Only clear question mark is the future of nuclear power [12]. Several authorities are ruling all the nuclear power obsolete in the future, and Finland’s nuclear power plant project, Olkiluoto 3 (OL3) is constantly used as a failed example [12]. OL3 is expected to have an energy generation power of 1.6 GW [12]. However, these types of articles rarely men-tion the effects to the grid inertia, if all the nuclear power plants would be replaced with a same amount of solar and wind power [16]. Additionally, the intermittent production of these weather-based sources will cause larger deviation in supply and demand balance. Nuclear power plants are also excellent base power units, due to their high and steady maximum power [14].  
2.2 Current communication methods and other trends 
Current communication methods of the Finnish electricity grid rely on fiber-optic cables and Global System for Mobile communications (GSM) [20], [21]. Because Fingrid needs to transfer it messages rapidly to the different reserves and grid operators, it is important to have fast and reliable communications. All Fingrid’s operations are communicated through fiber-optics inside the power grid [20]. The reserve activation signal travels from 
the surveillance room with fiber cables to the reserves, after Fingrid’s frequency meters have picked up the deviation [20]. Signals of power peaks in the grid are transferred re-spectively. One problem with the fiber-optic cables is the manual fixing of malfunction. If the connection cannot be re-routed, the cable needs to be replaced manually, and this can take several hours depending on the location of the malfunction [20]. One option researched is the 4G/LTE (Long Term Evolution) mobile network [21]. Figure 3 shows the latencies of LTE connection inside smart electricity grid, and the average latency var-ies between 30 – 40 ms. However, these LTE latencies are not problematic for many smart grid applications. A bigger issue for 4G and 3G are the connectivity and scalability. Public communications networks are also vulnerable to traffic peaks, which cause added latency, as seen on ninth hour of Figure 3. The comparison of these values and scalability comes clearer when the thesis reaches Chapter 5 and discusses 5G communications. 
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 Figure 3. Deviation and average latency values of LTE network in smart grid system over 24 hours. Latency was measured with Round Trip Times (RTT). [21]  As the latency of the smart grid communications eventually gets lower, more and more smart grid operations become viable [21]. Using large sets of batteries and demand re-sponse to balance the supply and demand of the grid requires seamless latency, and it could solve some of the grid balancing issues [22]. When supply exceeds current demand, the electricity could be stored to batteries or manipulated with demand response and then used later. In [8] is stated that we need more and more flexible energy resources on all the levels of the grid and not just at high-voltage level. This could also include electricity transmission connections to other countries in addition to energy storages or demand re-sponse.  When the grid gets more flexible, fast and smart, Fingrid encourages establishing of small energy communities and new independent aggregator businesses [7], [23]. Fingrid started an independent aggregator pilot in 2017 and it is increasing the volume of the pilot in 2020 [23]. An aggregator is a grid operator that combines smaller balancing entities and packages them to one unit. This unit is then ready and operative to be offered for grid balancing purposes. This package can include distributed production, added consumption, battery storages and demand response services. The idea of independent aggregation means that all the parts of the package do not have to necessarily be registered grid oper-ators [23]. Only the aggregator itself needs to be registered. These services are already permitted and used in Fingrid’s frequency containment products: FCR-N and FCR-D [23].  Independent aggregation, and aggregation in general, encourages smaller electricity pro-ducers to sell their electricity. When a small distributed producer sells energy to its local 
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consumers, the system is called energy community [7]. Energy communities are not al-ways dealing with the official hourly market price, as they rather operate with their own contracts. If the energy community is well set up, they can be beneficial to increase the number of renewable distributed production and to balance local power and frequency deviations easily [7]. Fingrid is allowing this kind of smaller scale fixing of the grid health [23].  
2.3 Demand response and peak shaving 
Demand response and peak shaving may be the most interesting new trends in the smart grid industry [22]. Shortly explained, demand response means active modifying of grid 
entity’s consumption based on the current supply and therefore the price of the electricity [22]. In comparison to storing energy to large batteries, demand response only adjusts already existing electricity consumption, e.g. heating or lighting. If demand response is designed accordingly, a large office building can significantly change its energy con-sumption. Both actors benefit from this method, as the consumer does not have to buy that much electricity on expensive hours and producer does not waste any energy with over production [24]. Peak shaving is a variation of demand response, when a grid entity has some additional consumption potential waiting for power peak [24]. For example, this study in Shanghai [24] has shown massive benefits in cost-analysis scenarios if a large city has a low latency and fast demand response system operating constantly .  The last thing that ties everything together is called “California Duck Curve” [25], intro-duced visually in Figure 4. A part of large study that took place in California, USA, the Duck Curve is a chart that models load of different energy sources [25]. The model got 
its name solely because the form of the graph is similar to duck’s silhouette.   

 Figure 4. The Duck Curve that illustrates the net load (Megawatts) in California over 24 
hours. The two peaks in demand are marked with “start” and “stop”. In the middle of the day, solar power produces over production and the curve form is created. [25]  
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The idea of the study was to illustrate, that relying only on solar power creates quite mas-sive deviation to the supply-demand system [25]. And as more and more renewable en-ergy is deployed, the phenomenon gets worse. Moreover, in the middle of the day there is a risk of over production with solar power. While the energy industry is moving to the renewable energy sources, the importance of balancing, demand response and other smart grid solutions increases [24]. 
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3 Electric vehicles 
 The third chapter of this thesis covers the basics of electric vehicles, EVs. EV is a car that uses electricity to power its motor, instead of internal combustion engine [26]. The two types of electric vehicles are full EVs, that have no other power source, and PHEVs (Plug-in Hybrid Electric Vehicles). PHEVs have both electric motor and internal combustion 
engine [3]. The text refers both of them as “EVs” and uses the more specific term if only other in question. PHEVs are important part of Finnish electric vehicle fleet, since they outnumber full EVs times five at the time of this study.  This chapter is a literature review with small estimations made based on the sources [3] and [4] in Subchapter 3.1. Chapter focuses mainly on Finnish markets, however general battery and charging technologies are covered in Subchapters 3.2 and 3.3 respectively. Moreover, because Norway is generally recognized as an industry leader in electric mo-bility [27], additional comparisons are made to the country.  
3.1 Electric vehicles as an industry 
During the past 10 years, Finnish electric vehicle fleet has been growing from virtually zero to its current state, 29 365 vehicles [4]. The share number of cars in register has basically doubled every year, as can be seen in the Figure 5. The popularity shifted quickly towards Plug-in Hybrids, and to the car brands which Finnish drivers were al-ready accustomed using, Volvo, BMW and Volkswagen [28]. Moreover, the state of charging infrastructure was not suited for long distance driving with full electric vehicles in the early 2010s [26]. PHEVs are logical steppingstone for electric motoring, as their battery capacity typically varies between 10 – 20 kWh (kilowatt-hour) [28] yet their fuel 
consumption is lower than normal combustion engine vehicle’s [26]. However, as the performance of the full EVs gets better, more and more drivers are expected to choose a full EV over PHEV and the percentage of full EVs compared to the whole fleet will even-tually rise [3], [27]. If the percentage rises accordingly, the lowest percentage of full EVs was in 2018. Shortly after that, Tesla released its relatively inexpensive new vehicle, Tesla Model 3, that spiked all the full EV sales in 2019 and early 2020 [28].  Figure 5 also introduces estimations for the year 2030, 10 years after the time of this study. The Finnish government has stated, that by 2030 every fifth vehicle is an electric one [3]. This is roughly 250 000 vehicles, and the number is used generally when esti-mating the growth of the industry [3]. Additionally, the number also matches the growth numbers of other Nordic countries and especially Norway [27]. A common consensus is that other Nordic countries are 5 – 10 years behind Norway in electric vehicle numbers. 
The second estimated number in Figure 5 is the “Full EV %” in 2030, 25 %. If the per-centage rises 1 % per year, the estimation is accurate. Figure 6 shows graphs and estima-tions for years 2020 – 2030 for the same numbers in question.   
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Figure 5. Electric vehicle numbers in active register in Finland by year. “Full EV %” shows the percentage of full EVs compared to total amount. [4] Numbers of 2030 are estimated based on sources and facts mentioned in this chapter.  

 Figure 6. Visualizes the reasoning of the estimations in Figure 5. Electric vehicle numbers are increasing steadily and finally reaching total number of 250 000 vehicles and full EV share of 25%.  Electric vehicles and electric mobility in general are growing rapidly as an industry [3]. One of the reasons that the industry has so many different companies involved, is because of different continents have slightly different technical methods. The two big Asian car manufacturer countries, China and Japan, are developing same charging technology, 

Year Full EV PHEV Total Full EV % 
2012 109 128 237 45.99% 
2013 169 296 465 36.34% 
2014 360 569 929 38.75% 
2015 614 973 1587 38.69% 
2016 844 2441 3285 25.69% 
2017 1449 5719 7168 20.21% 
2018 2404 13 095 15 499 15.51% 
2019 4661 24 704 29 365 15.87% 
…     
2030 62 500 187 500 250 000 25.00% 
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CHAdeMO 3.0 [29]. Previously CHAdeMO (CHArge de MOve) was mainly used by Japanese brands (e.g. Nissan and Mitsubishi) but will now be expanded to Chinese vehi-cles. Most of the carmakers in Europe and the US are using and going forward with CCS (Combined Charging System) standard, and this adds positive competition and variety to the industry [29]. However, CHAdeMO has couple of interesting advantages compared to CCS, which will be further analysed in Subchapter 3.3 and Chapter 4. However, CCS standard is still considered as the main EV charging technology going to the future [29].  Furthermore, electric mobility is also starting to expand to public transportation and other industries. A simple example is Finnish public transportation company, HSL, which has stated to cut its emissions to only 10% to what they were in 2010 [30]. A considerable part of this challenge has been changing old combustion engine busses to electric busses [30].  However, for larger industrial use (e.g. cargo trucks and shipments) the operation range of electric vehicle options is still limited [26]. But the overall trend with EVs and electric mobility is rather positive around the whole industry [3].  
3.2 Battery technologies 
A major part of electric vehicle industry and its growth are the electric batteries inside the cars. The evolution of batteries has been one of the driving forces behind the electric mobility boom [26]. The prices of the components have dropped, and the performance is increasing [31]. The batteries have longer range, more cycles in their lifetime and are cheaper to produce [31]. All the EVs in the current markets are using some chemical variant of lithium-ion cell battery [26]. Lithium-ion batteries have been in development and in use for couple of decades in cell phones and handheld devices, hence there is a lot of researches on their performance, e.g. [31], [32]. Once a while, a new battery technology emerges, however successful and fast laboratory development takes close to 10 years, and car industry still has a lot of money invested in mines (e.g. cobalt and nickel) and produc-tion of current lithium batteries [26].  Tesla motors has focused heavily on lithium-ion cell battery development, and their new-est versions tend to perform very well. In 2019, Tesla-driven research [31] stated that they 
have created a “1 million miles battery” for their future EVs. This converts to 1.6 million 

kilometers in the metric system. Current batteries in Tesla’s vehicles have a maximum range warranty of 240 000 kilometers, therefore the increase would be significant. How-ever, the laboratory environment rarely is comparable to real-life results, but this gives some indicators where the state of lithium-ion batteries might be in 10 years. [31]  An alternative option for lithium-ions has speculated to be a solid-state battery [33]. Solid-state battery uses solid electrolyte instead of liquid one like in lithium-ion cells [26]. Mercedes Benz has been quite quiet in the electric vehicle business, and therefore the company saw an opportunity to partner with solid-state battery research and development [33]. Mercedes Benz has stated, that if the new battery technology reaches its full poten-
tial, all Mercedes’ future EVs and PHEVs will support solid-state batteries [33]. Main advantages of this battery type, compared to lithium-ion, are less weight, no flammable electrolytes and cheaper minerals [26], [33].   Whatever technologies battery industry will be using in 10 years, the problem of temper-ature changes probably still needs addressing [32]. Electric batteries have quite narrow optimal temperature window, where they do not suffer any additional losses [26]. A sim-ple rule of thumb is that between 10 – 25 °C the battery works more or less optimally. 
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However, even if the outside temperature might be in this range, the battery heats up quickly, when fast charging the vehicle or driving in high temperatures [26]. Figure 7 illustrates the scale of this problem. The three different battery temperatures are 25°C (optimal), 40 °C (heated) and 60 °C (extremely heated) [32]. Y-axis is the capacity life-time in years and x-axis is the percentage of the capacity used in the battery, State Of Charge (SOC). For example, in the 80 % SOC scenario, the battery starts with 80 %, then it is emptied and then charged again to 80 %. The results with 50 % SOC are drastic. With optimal temperature the lifetime is over 8 years but in extreme heat the lifetime drops to under 2 years. Even with temperature of 40 °C, the lifetime is almost halved. Higher SOCs perform worse in the stress test, due to the fact that they require more charging and discharging to be completely empty [32], yet temperature still creates 4-year lifetime dif-ference.  

 Figure 7. Capacity lifetimes of different SOCs of the same battery. Three different inside temperatures highlighted with respective colors. Battery information on the lower right corner and the formula used on the top of the graph. [32]  Moreover, lower temperatures are not ideal either. Problem amongst Finnish EV drivers specially are the sub-zero temperatures [34]. In the article [34], is estimated that cold weather will drain additional 15 – 30 % off from the range of an EV. This can be mitigated with pre-heating before driving, but this requires of course added work and energy con-sumption. The vehicle itself and charging are not affected by the cold; therefore, all the losses are suffered in the battery [34].  To summarize battery technologies, this thesis acknowledges battery losses and possible changes in the future but does not try to solve them. Main takeaway of this section is that 
battery technology moves forward and is not the limiting factor in this thesis’ calculations and results. However, constant change of electricity flows direction, from charging to discharging and back, has proven to cause more wear to batteries [32]. The faster the 
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change, the greater the loss. This could be one of the major issues for the Vehicle-to-Grid, V2G, technologies but long-term test results are not yet available.  
3.3 Charging technologies 
Charging technologies are broken down to three categories in this section: charging power, charger standards and different charging point roles. Starting with charging power, the main deviation is between the electricity current used: Alternating Current (AC) or Direct Current (DC) [26]. Most of the charging points in Finland operate with AC and the power typically varies from 3.7 to 11 kW [28]. This is relatively low charging power and it is easily reachable with basic home EV chargers. Additionally, the current vehicles on the market have AC charger technology already implemented, which enables the chargers outside the vehicle to be cheaper than DC chargers. However, charging electric vehicle still needs a charger and a cable designed to that for safety reasons [26]. Charging with 
11 kW or under is considered “normal” or even “slow” charging and it is done most of the time at home overnight [26].   When charging power is increased over 22 kW, and at the time of this study, up to 350 kW, the charging event is called “fast charging” and it is done with DC [28]. These DC charging points are typically connected to 20 kV middle voltage grid, and therefore they are not ideal for home charging set up [35]. With direct current, the electricity flow can be guided straight to the car’s battery, so that the process requires less components and is safer [26].  
3.3.1 Charger standards 
As mentioned in Subchapter 3.1, there are couple of different charger standards for EVs, and they are somewhat region driven. Pictures of the connectors and inlets can be seen in Figure 8, as well as some key facts.   
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 Figure 8. All the main charger standards. Operating regions, communication protocol and maximum powers listed accordingly. [29]  CCS is divided to US- and Europe-model [29], where the US-model supports Type 1 charger and the European version Type 2 charger [26]. Both of these use Power Line Communication as their communication method between the charger and the vehicle [29]. The communication protocols will be further discussed in Chapter 5.  Tesla is the only company that has also designed its own charger standard [29], yet it is only used in the US. In rest of the world, Tesla vehicles use normal Type 2 charger. The Tesla charger is specified for Tesla vehicles only and has the lowest charging power of the group. It uses Controller Area Network (CAN) bus for communication between the charger and the vehicle [29]. However, in Europe, the Tesla specific charger is not avail-able, instead the vehicles use the Type 2 charger which is connected to the CCS in case of fast charging [36]. The company also has several Tesla Supercharger stations, where the vehicles can be fast charged [28]. Despite of this, Tesla still emphasizes drivers to get their own home charger and charge the vehicle overnight [36].  CHAdeMO standard was already covered briefly in earlier parts of this chapter. CHAdeMO was originally a Japanese standard that uses CAN bus communications and is suited for fast charging with DC, however due to the release of CHAdeMO 3.0 (also called ChaoJi) it will expand to Chinese vehicles [29]. CCS has had a lead, especially in European markets, but now that new CHAdeMO can out-power current CCS standard, a race should be back on [26], [29]. Power numbers illustrated in Figure 8.  In Finland, most of the charging points are using Type 2 standard, with the total number of 3320 Type 2 chargers in March of 2020 [28]. These are mostly at normal AC charging points with a power of 11 kW or less. Rest of the main charger types are mainly at fast DC charging points, and their numbers are still growing: 291 CCS chargers, 282 CHAdeMO chargers and 54 Tesla Superchargers [28]. The diversity of Finnish EV fleet 
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can be seen with the CCS and the CHAdeMO numbers being almost equal. In Europe, Tesla drivers can still use both CCS charging stations and Tesla Supercharger stations.  
3.3.2 Charging point business 
The number of companies entering the charging point business rises all the time [35]. If an electric vehicle user does not own a charging point at one’s home, public charging points are the answer, and even if they do, all the current fast chargers are operated by some company. The two types of business roles in charging point business are Charging Point Operator (CPO) and E-Mobility Service Provider (EMSP) [37].   CPOs are companies that provide the charging points, installation and get everything started and ready for the venue owner who will buy the charging points [37]. After this, the charging point owner (e.g. housing company or supermarket) can charge EV users for charging cars at their venue [26]. Ionity is a large European CPO, that recently (November 
2019) built its first supercharging stations to Finland [35]. Ionity’s stations use CCS standard and can theoretically charge a vehicle with a maximum power of 350 kW [35]. Couple of large Finnish CPOs are Fortum Charge&Drive [38] and Virta Ltd. [39], which are also EMSPs.  E-Mobility Service Provider provides ready-to-use charging services to electric vehicles drivers [37]. While CPO offers new charging stations to the venue owners, EMSP offers the access to these charging stations via mobile application or some physical recognition tag [37]. Products can be monthly subscriptions with a certain limit (or even unlimited) or based on the amount of kWh charged in the specific event [38]. Typically, a big CPO also has an application and a billing service, making it also an EMSP. Fortum Charge&Drive offers home charging points, access to public charging stations and even a platform with mobile application to other CPOs and EMSPs, called Fortum 
Charge&Drive Management Cloud [38]. Fortum’s biggest Finnish competitor in the EV charging point business is Virta Ltd. [39]. Virta offers similar products set, while also being the Finnish frontrunner in V2G technologies [10]. Both of these companies are focusing on smart charging, in comparison to just charging the battery straight to 100 % SOC when plugged in [39]. Simply explained, smart charging means an EV charging event, where the charging point and the vehicle are exchanging information, focusing on maximizing battery life and minimizing charging costs [39].  In the future, charging point industry will have new business models, as the electricity grid gets smarter and smart charging becomes more common. Moreover, the EV and charging point numbers are rising, which will add more relevance to their potential. One EV can already do some new technical concepts as an experiment, but 250 000 of them is already a significant number (as stated in Chapter 2). The thesis will now shift to the contribution part, as all the prerequisites are now covered about electricity grid, Chapter 2, and about electric vehicles, Chapter 3.    
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4 Electric vehicles as a grid balancing source 
 After covering the basic technologies of the electricity grid and electric vehicles, the the-sis now moves to one of its focal points, vehicle-to-grid technology. This chapter focuses on the technical solution that is V2G, what kind of infrastructure it needs and how far in the future the industry is currently. Several studies [24], [40] and pilots [10], [41] have already been researched and developed about V2G, but the industry is not yet ready for mass usage. However, due to the increase in EV numbers (Chapter 3) and the growth of the share of renewable energy resources (Chapter 2), the breakthrough is only a matter of time.  Vehicle-to-grid means an interactive system, where the EV’s electric battery is used not only for charging its SOC to full capacity, but also to discharge electricity from the battery towards the electricity grid [42]. Typically, when talking about V2G, the term also indi-cates that there is some kind of communication system between the vehicle and the grid [10]. The communication usually guides the vehicles to change the direction of the current based on the balance of the grid [42]. If the generation is lower than consumption, the frequency drops, like explained in Chapter 2. Thus, an EV could discharge electricity from its battery, in act to balance the grid. Moreover, if generation exceeds consumption, 
a power peak is created. This power peak can be “shaved” before it creates high frequency deviation, if available EVs can absorb a portion of it to their batteries [10]. This main fundamental of V2G requires that the system has knowledge all the time of all the SOCs of EVs connected to it. In ideal situation, only the vehicles that are leaving their charging point soon are nearly in full charge, and all the remaining vehicles are ready to absorb these peaks [22]. This would of course also require the knowledge of every car users daily schedule. When talking strictly about two-way charging, or charging-discharging system, the term does not specify the reason why the change is made to the current, nor the com-munication guiding it [39].   Before moving to the more specific subchapters, chapter addresses the time relevance between vehicle usage and electricity consumption and generation. Figure 9 highlights the electricity load and generation in Finland during 24 hours. The graph is from the time of this study, 13th of July 2020, and illustrates quite typical Finnish day in electricity markets [9]. Data is provided by Fingrid. The idea is to show that the generation and load are never even close to each other, and this specific gap is covered with day-ahead-mar-kets [9]. Most of the lack of generation is bought one day in advance and imported from Sweden [8]. Normal electricity grid operations still create constant deviation in fre-quency, which means that there is a need for grid balancing on every hour of the day. Third balancing option after day-ahead markets and hourly markets are the disturbance reserves, which are used only if necessary [9].  
The EVs are parked 95% of the time and 12 hours at driver’s home or working place [38]. Naturally, the 5% when the vehicle is in use tends to focus on morning and afternoon rush hours, and this decreases the number of vehicles available for V2G during these hours. However, as Figure 9 demonstrates, the grid needs balancing and imported electricity all the time, so the usage times of vehicles and the problem hours of the grid health do not overlap. Additionally, in annual perspective, the winter in Finland might cause some trou-ble. As stated in Chapter 3, the EV batteries do not perform ideally in sub-zero tempera-tures, yet again, the electricity consumption, and therefore the need for balancing, is also the highest during winter. Because the battery performance in different weathers is still 
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hard to predict, this thesis does not take the deviation between different months into ac-count. More about battery life in V2G system in Subchapter 4.1.  

 Figure 9. Electricity load and generation during a typical 24-hours in Finland, 13.7.2020. Electricity load with dark green color (above) and electricity generation with light green (beneath) respectively. Y-axis values are MWh/h (Megawatt-hour per hour). [9]  This chapter is divided to three subchapters. First one covers the technical points of V2G and the two-way charging infrastructure. Following that, thesis introduces some relevance calculations of Finnish electric vehicle fleet in 2030. All the numbers and reasoning are based on facts from previous chapters, however, the calculations themselves are state-of-the-art at the time of this study. Last part of this chapter addresses possible regulative problems related to using EVs as a grid balancing source via V2G technology. Addition-ally, some examples from other countries, especially from other Nordics, are evaluated.  
4.1 Two-way charging point infrastructure 
Several car manufacturers are already working with V2G and two-way charging, but yet again, with their own methods [43]. Nissan LEAF is currently the only vehicle on the market already capable of two-way charging [10]. This has resulted to a situation, where most of the pilots, experiments and research have been done with Nissan LEAFs. Nissan is also active and open as a company about their V2G technology, and has projects run-ning all around the world [43]. The first public two-way charging point in Europe was a collaboration of Nissan, Virta Ltd. and Helen, the electricity company of City of Helsinki [10]. Moreover, Nissan has large pilots in US and naturally in company’s home country, Japan [43]. A significant advantage for Nissan is the built-in two-way capability of CHAdeMO. As explained in Chapter 3, CHAdeMO uses CAN bus to communicate be-tween the vehicle and the charging point, and the nature of CAN protocols allows them to communicate same information both directions [29]. From the electrotechnical stand-point, changing the direction of the current is not hard to do, but other vehicles are not ready to do so [41].  However, CCS standard is getting some major updates in terms of communications in the near future, which are discussed in Chapter 5, where the research focuses on V2G com-munications. Additionally, Tesla probably already has hidden, unadvertised properties in 
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their vehicles. Reportedly [41], Tesla Model 3 has a DC to AC inverter, which makes the car capable of discharging its battery to the electricity grid or even to another vehicle. The company has not yet advertised this feature, and therefore is probably planning some huge 
announcement in the near future [41]. Another approach is to use “slow V2G” with a standard Type 2 charger [44]. European car maker, Renault, is developing V2G with AC and normal charger, in comparison to the DC CHAdeMO version that Nissan has, which 
is also capable to fast charge the vehicle if needed. The advantage of Renault’s design is that the two-way charging could theoretically be performed with a generic charger with only small modifications [44]. Yet still, most of the research and pilots at the time of this study are assuming DC in their V2G calculations [10]. For a business standpoint, this might not be the best solution, due to the fact that EV users do not want to discharge their vehicles while stopping quickly to a DC fast charging point. Two-way AC charging could also be performed in charging point with lower power.  From electrotechnical standpoint, there is no limit for discharging power, and it can be the same as charging power of the charger in question [22]. However, with Nissan LEAFs a typical maximum discharging power is 10 kW [10]. A two-way charging point using DC could theoretically give a fast discharge power of 150 kW out of LEAF, but for test and research purposes this is not ideal. Moreover, all the cables and chargers used are still custom made and not in mass production [10]. For the electric battery capacities, 40 kWh in Nissan LEAF is plenty for V2G technology [42]. High-end Tesla vehicles and other brands can have a battery capacity up to 100 kWh [42], but in the calculations of this study an average of 50 kWh per electric battery in vehicle is going to be used. In case of plug-in hybrids, the capacities typically vary between 10 – 20 kWh (Chapter 3).  With all the main functionalities of V2G now covered, Figure 10 shows the infrastructure of the system. Three situations are shown: EV charging station, peak shaving of renewa-ble energy resources and a parking lot of a larger building (e.g. office, housing company, shopping mall) [42]. Home charging scenario (Vehicle-to-Home, V2H) would be similar to the building parking lot one, with the exception of the home and EV owner being the aggregator him-/herself. In the building parking lot scenario, the vehicles are charged smart and there is a buffer left to their batteries, so that the building can act as a demand response unit, as referred in Chapter 2. In case of frequency drop in the electricity grid, EVs can discharge a portion of their electricity to low voltage network in attempt to re-store balance [42]. Near the renewable resources electric vehicles can be charged when the weather is suitable for the generation method, and moreover, absorb the peak power in case of overgeneration (e.g. unexpectedly strong wind or sunny day) [42]. And when the renewables are not producing the predicted amount of electricity, the EVs could bal-ance this with V2G technology. The last scenario is not as expected to happen in Finland as the other two. Public EV charging station can of course act as a balancing unit through an aggregator [42], still, most of the EV drivers use the public stations for fast charging and for a short period of time [28]. In these quick stops, a user is probably not going to agree for V2G, as the goal is to charge as much as possible and continue the journey.  
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 Figure 10. Structure of V2G system at commercial locations connected to low voltage network. G2V standing for Grid-to-Vehicle. [42]  When V2G system is designed correctly and with some predictability, no rapid changes of direction will happen to the charging current [42]. In Virta’s V2G system, the fre-quency deviation is measured and then estimated with a 10 second window [10]. This is possible because the frequency is the same everywhere in the grid, like explained in Chap-
ter 2. From Fingrid’s product pool, this balancing is under FCR-N section. An instant action, when deviation is notified, would probably result to overshooting the balancing act most of the time, as the frequency has small vibration all the time. Moreover, several rapid charging speed and direction changes will start to overheat the battery, and Chapter 3 showed how important the temperature is for battery life. With limiting discharge power of 10 kW and a predictive balancing system, Nissan has stated that the V2G done with 
Virta’s station does not affect the battery life, and therefore does not affect the company’s 8-year battery warranty [10]. However, during this study, several professionals from the 
EV and battery industry voiced their unofficial concerns when discussed about V2G’s effect to the battery life. Based on these feedbacks, a suitable discharging limit will be placed to the calculations. 10 kW discharge limit will be used in this thesis, mostly be-
cause Nissan’s battery life warranty statement, and moreover, because the power can be reached with normal home charging stations in the low voltage network (3 x 3.7 kW = 11.1 kW, three-phased AC).  
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4.2 Relevance calculations 
This sub-chapter wants to illustrate and validate with clear numbers and calculations, that the V2G is a feasible technology in the future, focusing first on the Finnish market. A lot of emerging new technologies tend to look promising on paper and in a laboratory envi-ronment, but in a practical situation, their scalability and relevance do not translate ex-pectedly to the real world. The idea is to use the two-way charging set up that the chapter described earlier, with suitable values based on Chapters 2 and 3. The time scope in ques-tion is between 2020 and 2030, due to the EV fleet number estimations made previously consider this time period. All the values chosen will be explained, and the calculations and figures have been done with Microsoft Excel.  
4.2.1 Scenario with full electric vehicles 
Figure 11 introduces the first values and numbers. The scenario is set up in 2030 in Fin-land, when the EV fleet is estimated to be 250 000 vehicles, and 25 % of them, 62 500 are full electric vehicles. Rest of them being plug-in hybrids. To keep the adaptation pro-cess of the new system in mind, the number of vehicles available for V2G at the same time is limited to 50 %. The vehicle might be currently moving or parked at a parking spot which does not yet have two-way capabilities. Moreover, there might be some people who do not want to give the system access rights to their vehicle’s battery, however, if the technology is widely in-use and accepted among EV drivers, this group should be a minority. The possibility of government regulations on participating to V2G is discussed in the next subchapter.  The average battery capacity is set to 50 kWh (varying between 30 – 100 kWh) as dis-cussed before, and the charging and discharging power is limited to 10 kWh. 10 kWh can be reached with a three-phase AC charging point and it is suitable for normal home park-ing. Moreover, DC two-way charging points can also reach the power limit easily [10]. The technology between them is of course different, however, in these calculations it is irrelevant. Then, the system wants that all the vehicles have most of their battery capacity left all the time, in case of unexpected departure. The driver sets up estimated departure time when starting two-way charging, but unexpected events always happen. Therefore, 
the system is only let to use 30 % of the EV’s SOC. The time of one cycle is set to 15 minutes, as it is the maximum consecutive time of Fingrid’s faster balancing products, FFR and FCRs [9]. With these starting values, Figure 11 shows the results out of them. The variables that can be modified are with green background and results of the calcula-tions with light blue background. The formulas in the light blue cells in Figure 11 are as follows:  Maximum power = [Number of EVs] * [Percentage of EVs plugged in] * [Charging-discharging power]  Time of full charge or discharge = [Possible capacity out of one EV] / [Charging-dis-charging power]  Possible capacity out of one EV = [Average capacity of one battery] * [Battery percent-age available for V2G]  Possible capacity out of all EVs = [Possible capacity out of one EV] * [Number of EVs] * [Percentage of EVs plugged in]  



22  
Capacity drained during cycle = [Maximum power] * [Time of balancing cycle]  Capacity after one cycle = [Possible capacity out of all EVs] – [Capacity drained during cycle]  Minimum time between cycles = [Capacity drained during cycle] / [Maximum power]   

 Figure 11. Starting values, results and explanations of the first scenario in Finland in 2030. Only full electric vehicles in consideration.  There are three outcomes in Figure 11 that have the most impact on the calculations. The most significant one is the maximum power of the active system, 312.5 MW. This amount of power in V2G system is significant for two reasons: balancing the grid by discharging energy from the vehicles to the grid, and absorbing power spikes into the batteries. Figure 12 beneath compares the resulted maximum power to other important numbers related to the situation, to give an idea of the order of magnitude of the system. Second important number is how much energy actually moves in one cycle. 78 125 kWh is hard to scale into any real-life situation (roughly an annual energy consumption of two or three large electrically heated homes), but it gives an idea how much energy is transferred during the 15 minutes. Total amount of energy would be almost 500 MWh (468 750 kWh), if the system would be running consecutively for 1.5 hours to drain the whole 30 % per battery. If a look is taken back to Figure 9, this is 6 – 8 % of whole Finland’s consumption per hour (~ 6500 – 8000 MWh).  Last interesting result is that one 15 min cycle actually uses only 2.5 kWh (10 kW x 0.25 h), or 5%, of capacity of the average battery. Even though, the amount of energy and power of one vehicle is quite small, the result is significant in the bigger picture, as shown 

Number of EVs 62500 
Percentage of EVs plugged in 50.00% 
  Average capacity of one battery (kWh) 50.00 
Battery percentage available for V2G 30.00% 
Charging-discharging power (kW) 10.00 
  Time of balancing cycle (h) 0.25 
  Maximum power (kW) 312500.00 
Time of full charge or discharge (h) 1.50 
  Possible capacity out of one EV (kWh) 15.00 
Possible capacity out of all EVs (kWh) 468750.00 
  Capacity drained during cycle (kWh) 78125.00 
Capacity after one cycle (kWh) 390625.00 
Minimum time between cycles (h) 0.25 
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in Figure 12. This realisation motivates to test the system with even smaller SOC availa-bility per vehicle, and take also all the PHEVs into account, as they still number 75 % of all EVs.  

 Figure 12. Comparing different situation related powers. Distributed energy resources 
(blue) in Finland in 2019 and contribution of solar energy (orange) [5]. Fingrid’s leasing power plants (grey) [9], and the theoretical maximum power of full EVs in 2019 (yellow). All these are compared to the maximum power received as a result in Figure 11 (green).  As the power of possible V2G system reaches 300 MW, the relevance level is more than 
enough to justify the system’s development. Theoretically, it could absorb the whole dis-tributed energy generation of Finland for a brief period [5], and on the other hand it is larger than all the leasing power plants Fingrid is currently using [9]. Of course, the sys-tem would not only be used to solar energy peak absorption or replacing Fingrid’s leasing reserves. The idea of these calculations is to show that the potential of the system is easily there. The yellow bar in Figure 12 is only a theoretical number, if all the full EVs in Finland in 2019 would be connected to the V2G system with 10 kW charge-discharge power (4661 x 10 kW = 46.61 MW).  
4.2.2 Scenario including plug-in hybrids 
With realistic numbers and scenario, the calculations and figures establish that the V2G system would be relevant enough in Finland at least by the time of 2030. The only factor hard to predict is the adoption process of the car owners, and this is why it was left to the modest 50 % vehicles available. However, what if the percentage of how much capacity the balancing system is allowed to use per car would be even lower? If the limit of SOC available for the V2G system is dropped from 30 % to 10 %, the wear for one individual 
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battery is much smaller. The battery life is certainly less affected, and the driver does not have to worry about leaving the charging point with almost empty battery. This funda-mental change would make the amount of energy used by the system per car so small, that the PHEV batteries are actually big enough to participate. The 30 % taken out of the smallest estimated PHEV battery (~10 kWh x 0.3 = 3 kWh) in question, is much more significant for driver than 10 %, 1 kWh. So, the number of EVs is updated to 250 000 and the average battery capacity lowered to 30 kWh, and the results are showing in Figure 13, and in Figure 14 the maximum power is compared to the same related power numbers as in Figure 12.  The maximum power of this second scenario is quite impressive, 1250 MW, effectively four times the power of the system in the first scenario. Maximum power is directly pro-portional to the number of vehicles, because the charge-discharge power is the same. However, the total amount of energy in this system is lower than in the first scenario, 375 000 kWh (2nd) versus 468 750 kWh (1st) , yet almost all of this could be unloaded or absorbed in one 15 min cycle. The second version of the system is much more suited for larger imbalance of the grid, that does not occur that often. For contrast, the largest elec-tricity production unit in Finland will the OL3, which will have the net power of 1600 MW [12]. An ideal solution would probably include both of these options, and if the system is designed well, an EV user could even choose which one of the SOC options is the best in that case. Moreover, the system could even recommend the 10 % version for PHEVs and 30 % version for full EVs.  Based on the V2G infrastructure and calculations introduced in this chapter, the discus-sion can now move on to who would operate this type of two-way charging system. Chap-ter 6 introduces several different techno economical models, configurations and considers the business actors of V2G. However, the regulative limitations or guidelines might still play a large factor. This chapter finishes now with analysing different possible regulation outcomes and compares them to similar situations in different countries.   
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Number of EVs 250000 
Percentage of EVs plugged in 50.00% 
  Average capacity of one battery (kWh) 30.00 
Battery percentage available for V2G 10.00% Charging-discharging power (kW) 10.00 
  Time of balancing cycle (h) 0.25 
  Maximum power (kW) 1250000.00 
Time of full charge or discharge (h) 0.30 
  Possible capacity out of one EV (kWh) 3.00 
Possible capacity out of all EVs (kWh) 375000.00 
  Capacity drained during cycle (kWh) 312500.00 
Capacity after one cycle (kWh) 62500.00 Minimum time between cycles (h) 0.25  Figure 13. The second possible scenario in Finland in 2030. All the 250 000 EVs included. Average battery capacity and available percentage for V2G changed accordingly after the first scenario.  

 Figure 14. Comparing different situation related powers. Same base values than in Figure 12, except all the 250 000 vehicles involved. 
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4.3 Regulative limitations and other countries 
The Finnish electricity markets and grid industry are one of the best in the world [45], but as we move into more technical age, they need some updates. A big part of how the Finn-ish electricity grid industry moves forward are the guidelines and regulation changes 
made by Fingrid [23], as it is government’s company and controls the whole main grid. At the time of the study the regulations are quite open for new ideas and grid business models, but some new law changes still need to be made [22]. For example, local elec-tricity distribution companies are not yet allowed to own electricity storages, and the reg-
ulations are not quite clear, how many V2G vehicles actually counts for “electricity stor-
age” [22]. 250 000 vehicle fleet certainly counts as one, so the regulative limitations will eventually have to be modified. However, if several new aggregator companies emerge, the ownership of the electricity storages is not a problem for distribution companies, be-cause all the new operators take care of those.  However, Fingrid is making several promising decisions: introducing FFR to tackle low-inertia situations, and promoting independent aggregator business, which were both cov-ered in Chapter 2. Also, the Virta-Helen V2G project has received funding from European 
Union [10]. EU’s Horizon 2020 is a research and innovation program launched to fund 
new technologies that will help future’s environment and economic growth. As EU mem-bership is huge part of Finnish economy, the guidelines EU makes about grid balancing, V2G and electric mobility probably are going to stand also in Finland [22].  Denmark is one of the leading European countries in V2G research [40]. Norway might have the largest EV fleet by far [27], but their researches are not ahead of Finland and 
Denmark, as Norway’s share number of cars might indicate [27]. Denmark is also more 
involved in EU’s decisions as their grid is connected to the continental Europe [40]. Eu-ropean Network of Transmission System Operators for Electricity (ENTSO-E) controls the grid balance in continental Europe, similarly to Fingrid, is using mainly the same balance products [40]. Low grid inertia and the imbalance of the grid are problems in all the Europe, and EU Horizon, with other actors, are promoting V2G-like new technolo-
gies, and EU’s guidelines will adjust to support them [10].   Outside Europe, China and US are making their own V2G research and calculations. Re-searches in US are focusing more on California and looking V2G as a new way to make 
new business models and EVs more appealing for customers [25]. China’s approach is more suited for saving money for cities and for the government, and then benefiting the whole country [24]. A deep cost-benefit analysis was made from Shanghai’s point of view [24], and the study assumed that all the EVs in the city are in two-way charging system’s use. The results were promising, city saved massive amount of money and even the EV users made some profit. This kind of mandatory V2G system probably is not going to be the way EU or Finland will implement the regulations and guidelines, but it is important to see that it works if needed.  One new regulation update to look for on the future is that Fingrid, ENTSO-E and other electricity grid operators could even launch a new balance product, solely suited for ag-gregators that have a number of V2G vehicles ready for smart charging and two-way charging. At start, the power that they offer would be quite small and mostly suited for FCRs and constant balancing (calculations of the first scenario), however, as the size of 
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the fleet increases, a V2G system could even react to larger units dropping from the gen-
eration pool (as showed on the second scenario). The highest power target being OL3’s 1.6 GW. Moreover, if all the actors are allowed to own electricity storages and balance the grid on their own, the grid operator’s role in balancing decreasing all the time.  The regulative limitations also impact on which communication and charger standards are allowed to use by the V2G industry. CHAdeMO 3.0 has its own new V2G abilities, and because CHAdeMO has been used for over 10 years, regulations and laws already 
support the use of the CHAdeMO’s standards. CCS is also getting a new group of com-munication standards between year 2023 and 2025, ISO 15110, which is expected to en-able two-way charging for all the electric vehicles using CCS charger [46]. Of course, the car manufacturers still need to change their vehicles to match the standard, but if the regulations are pushing the adaptation of ISO 15110, the standard will shortly be found on every vehicle on the market. One of the competitors of ISO 15110 is the IEC 61850 [42], but evaluation of the communication standards will be done more deeply on the next chapter. Both of these standard groups also have properties to apply V2G technologies to industrial vehicles [46].  Chapter 4 is now concluded, and it offered a deep look into V2G technology, two-way charging infrastructure and realistic calculations for the following 10 years in Finland. Regulative limitations were also covered, and some examples from other countries and their V2G research. Chapter 5 will focus solely on yet untouched part of the V2G solution, communications.  
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5 Communication solution between electric vehicles 

and smart grid 
 
Scalable and efficient V2G system that the previous Chapters’ design is targeting, is not possible without well organized and structured communication through the whole system, 
all the way from the electric battery inside the vehicle to the Fingrid’s control center and back. This chapter evaluates different V2G communication solutions and research, and then proposes the best combination for Finnish EV market and electricity grid. The chap-ter is constructed as follows. First, a general idea of the V2G communications is given, based on a number of researches [42], [47], [48]. This part also considers the most obvious problems of future solutions. After that, several communication protocols are introduced, and the best suited are chosen for this design. Then, the chapter covers the advantages of 5G communications network, in context of feasibility in 10 years scope. And lastly, the chapter is concluded with system design and architecture.  The purpose of the communication design for the V2G system, is to create a scalable and secure architecture, that is ready to use immediately when EVs are capable of two-way charging [40]. The point is that the technology would already be perfected when EVs finally can act as a balancing resource for the grid on a large scale. Moreover, the more use cases V2G has by that time, the better. As stated in one of the said researches [42], important attributes for the communication system are efficiency, scalability and security. The security of the private data, collected from all the vehicles and charging points, is considered as one of the main problems when moving forward [48]. The amount of data collected and handled by the smart charging points is going to increase exponentially every year and by every new technical aspect added to the V2G system, and handling secured data is not free [45]. Electricity grid operators, such as distribution network com-panies (also known as DSOs, Distribution System Operators) and local energy compa-nies, are not yet used to process or store high amounts of data, and this will require addi-tional investments [45].  The grid operators are not the only actors that need to update their communications. Solar energy and other distributed energy resources also need upgrades, due to the fact that EVs are going to be utilized to maximize their production by absorbing generation peaks [47]. If the solar panels can communicate their incoming overproduction fast enough, the sys-tem can already be ready, and the amount of energy produced does not need to be limited. Otherwise it will cause over-frequency to the grid [47]. In these situations, it is important that the system knows the State Of Charges, SOCs, of the vehicles connected, and that they have capacity available for absorption.  Chapter 2 talked about electricity grid inertia and how the lack of it is increasing, and this makes grid more vulnerable to stability issues. In Danish grid, the problem is more severe, because of the high amount of wind power [40]. In their studies, inertia is measured and modelled with Rate of Change of Frequency (RoCoF), and latencies of the grid are a major factor [40]. Two main delays in the V2G system are communication delay and EV activation delay, which is caused by the power electronics in the vehicle and in the charg-ing point [40]. The research has made its measurements also with Nissan LEAF (similarly to Virta [10]), and with 2.5 kW charge-discharge power limit.  
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5.1 Communication protocols 
Most of  the upcoming technology that needs high-end communications to work properly, needs to go through the standardization and protocol-choosing phase. V2G technology is no difference. There are some corporate proprietary solutions, yet they are not in focal point in this chapter. This subchapter covers all the protocols chosen for this design and sums them up in Figure 15, and couple of other options are evaluated after that.  ISO 15118: The first communication protocol chosen is between electric vehicle and two-way charging point, ISO 15118 [49]. At the time of the study, ISO 15118 is not used a lot in generic one-way charging points, because the protocol is designed exactly for two-way charging and V2G communications [46]. However, it has been in development since 2009, and is already implemented in all current CCS chargeable vehicles [49]. All the CCS vehicles are expected to have at least some kind of two-way capabilities by 2023 – 2025 [46], and the ISO 15118 will then reach its full potential.   OCPP (Open Charge Point Protocol): Very important part of the system is the communi-cation link between charging point and the central system of the company operating it. This company can be either a full Charging Point Operator or also an E-Mobility Service Provider. The difference was explained more deeply in Chapter 3. OCPP has been used worldwide in generic charging point for years with the versions OCPP 1.5 and OCPP 1.6 [49]. The latest version, OCPP 2.0, has full V2G capabilities and it is expected to be the focal point of the system [50]. The protocol is developed by international organisation, Open Charge Alliance, that has several representatives from different industries and mul-tiple countries [49]. The protocol is completely free and open, which helps the adaptation process tremendously. Additionally, OCPP 2.0 now offers the compatibility for ISO 15118 [49], which is one of the key features of this specific design plan.  OCPI (Open Charge Point Interface): If CPO and EMSP are not the same company, which can be possible (Chapter 3), they need to communicate between each other. This requires the passing of the charging point knowledge, if the charging point is occupied, and if it is, what kind of EV there is present [49]. OCPI handles this information transfer between CPO and EMSP, and it is also open access protocol, and developed by the same Dutch origin company as OCPP [49]. The fact that OCPI and OCPP communicate well with each other and are both free and open, makes OCPI an easy choice.  OSCP (Open Smart Charging Protocol): Like OCPP, OSCP is developed by Open Charge Alliance, which automatically makes it top candidate, because the design wants the con-nection between different protocol interfaces to be as seamless as possible [50]. OSCP is used to communicate the EV and charging point information to the DSOs in the system, so the grid operators knows the current V2G capabilities all the time [49]. As the amount of data get larger and latency of the system gets lower, OSCP can move from the current forecast-type communicating to real-time information [49]. The possible issue here is that the DSO might not be prepared to receive more data than it already does from EMSPs. On the other hand, as the protocol is open and well standardized [50], such as OCPP, the DSOs have easier task adapting.   OpenADR (Automated Demand Response): The last protocol chosen is somewhat differ-ent than the previously introduced. OpenADR is designed for direct communications be-tween charging points and DSO [51]. As shown in Figure 15, OpenADR completely by-passes CPOs and EMSPs, and delivers charging information straight to the grid operator 
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entities. Latest version, OpenADR 2.0, enables demand response automation for distrib-uted energy sources, and helps their energy management with available V2G EVs [49]. In the future, OpenADR could also be used to build virtual power plants from the V2G vehicles available [51]. The protocol is taken into consideration in this design for the option in which the grid operator (e.g. Fingrid in Finland) takes full control of some EVs charging functions and manages the balancing with other aggregators. This scenario is not likely, but it is good short cut to keep in mind.  

 Figure 15. Communication protocol architecture of V2G system. Blue two-way arrows illustrate communication and yellow two-way arrows electricity flow. The information exchange between EV User and EMSP has no specific protocol, because it will vary based 
on user’s device and EMSP’s application platform.   Now that the communication protocol architecture looks complete (Figure 15), some pro-tocols considered that were left out, will be analysed. IEC-61850 and IEC-61851 are both viable options [49]. IEC-61850-90-8 (Object model for E-mobility) could be replacing OCPP and OpenADR, and IEC-61851-1 (Electric vehicle conductive charging systems) could replace ISO 15118 [49]. One of the reasons that they were not chosen for this spe-cific design is the fact that IEC-61850-90-8 is not actually a ready protocol, more like a list of guidelines for the protocol [49]. That being said, many studies have created suc-cessful communication systems based on IEC-61850 [42], [47], but the connection be-tween OCPP and ISO 15118 cannot be ignored. Additionally, IEC-61851-1 lacks in two-way charging attributes compared to ISO 15118 [49].  An alternative option of using individual protocols is to use a protocol suite. EEBus is an organization, that is specialised in making communication protocol packages [52]. Oper-ating in multiple industries with different manufacturers and technologies, EEBus is tar-geting to be a universal energy communication language with open standardizations and its own protocols [52]. In some studies [46], EEBus is used in CSS two-way charging adaptation, but in case of this thesis work, it is more beneficial to choose all the commu-nication protocols individually, so they could be replaced easier.  
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5.2 Advantages of 5G 
The latest mobile communication standard, fifth generation, 5G, cellular networks are often considered as a technology, that takes certain industry to the next potential operation level [53]. Faster data rates, lower latencies and massive scalability are often mentioned as couple of advantages of 5G compared to the previous standard, 4G [45]. Electricity grid industry is no exception. 5G is often promised as the step that takes the current elec-
tricity grid and upgrades it to a “smart grid” [45]. This means smart metering, smart build-ings and optimized, interactive production methods. V2G is one of the most anticipated smart grid applications and has been the focal point of this thesis. This subchapter now covers the basic advantages of 5G communications, when applied to the V2G system.  If considering the grid balancing with electric vehicles, the ultra-low latency of 5G comes first in mind. However, as measurements have shown [53], [40], and Chapter 2 discussed, the latencies of the current communication methods, LTE and optic fiber, are not actually limiting factors. RTTs shown in Figure 3 and in UK study [53] demonstrate that the com-munication is not the largest delay in the V2G system. Moreover, a Danish study [40] confirmed that the EV activation delay is much longer. This is caused by different power electronics inside EV, charging point and low voltage network, so no matter how fast the communication gets, there will still always be a relatively small delay. However, even the power electronics delay is not long enough to disturb all the balancing methods of the V2G, while it averages 0.5 – 2.0 seconds [53]. Eventually, when the car manufacturers start to optimize their vehicles to V2G balancing, even the faster balancing methods can be used, such as FFR. This can be done with modifying the “sleep mode” of the vehicles to be more active, when parked, plugged-in and connected to the V2G system.  The advantages a V2G system is looking for in 5G are scalability and connectivity [45]. As the number of EVs rises from couple of thousands to 250 000 and electricity meters are getting smarter, the number of entities in the communication network is too much for a 4G to handle [54]. Here, a commonly recognised feature of 5G, Internet of Things, IoT, is well suited. Smart meters and vehicles can be handled as Things, as they need constant connectivity, but the data rates do not need to be massive [54]. The performance of IoT network is focused on scalability and continuous connectivity, much like EVs in a V2G system. Moreover, IoT Big Data analysis with 5G is getting more efficient, which will help developing the system further [45]. In this context, Big Data means all the infor-mation gathered from EVs and charging points from multiple sources, as the industry expands. Even though one car or charging point does not send large data amount, the overall volume of data is going to be significantly increased and thus can be discussed as a Big Data phenomenon.  Two new critical IoT technologies that 5G has brought are Massive Machine-Type-Com-munication (MMTC) and Ultra-Reliable, Low Latency Communications (URLLC) [45]. Especially MMTC will help handling all the grid entities with seamless connectivity. Both of these technologies can also be part of 5G network slicing, where the communi-cation network is sliced into smaller networks with different attributes [45]. An auxiliary V2G system could easily be its own network slice and not consume that much capacity directly from other network users [54].  Getting even deeper into emerging 5G technologies, communication networks will be-come software orientated, meaning they will be called Software-Defined Networks (SDN), and they will have virtualised abilities, such as Network Function Virtualisation (NFV) [45]. SDN and NFV concepts mean that the network and all the entities connected 
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to it can be configured again easily, and the network can have different properties than pre-configuration. These technologies provide many new possibilities and some of them help smart grid development as well. One interesting application of this virtualisation is the ability to create and manage virtualised power plants and virtualised energy storages [51], which uses the same software technology on a high-level. Shortly explained, a vir-tual power plant is a flexible energy management system with demand response units and controllable energy production (e.g. EV batteries), which enables it to act functionally as a power plant from a grid standpoint. Even though the physical power plant is not there, the electricity markets can be manipulated with these virtualised functions and SDN and NFV are key technologies in developing the network for such purposes. When several smart buildings and smart homes are added to the system, the whole smart grid becomes extremely flexible and adaptable [45].  Naturally, all of these 5G communications upgrades will require significant amount of investment [48]. However, as the 5G research continues in other industries, the results and investments will also benefit the electricity grid industry. Finland is investing a great deal of funds on 5G research, because the communications and energy industry both will use eventually [45]. That being said, for some of these attributes of 5G networks, it will probably take decades to arrive in the use of V2G systems.  
5.3 System design and architecture 
After evaluating several communication protocols for V2G system, and looking into ad-vantages of 5G communication networks, a complete system design is now given in this subchapter. Figure 15 already introduced the main actors and protocols, and following that, Figure 16 adds the expected 5G communications technologies to the architecture. As visualised in the figure, the idea is not to add all the 5G technologies at the same, making the early investment unrealistic. For simplicity, the architecture focuses only on IoT-type communications, using 5G-MMTC to communicate between all charging points and CPOs, and eventually between all EMSPs and the local DSO. With this data, the CPO/EMSP company can utilize its IoT Big Data analytics mentioned previously. In this scenario, CPO and EMSP are the same company, however, the only difference to Figure 15 is that the OCPI protocol is replaced with company internal communications. In the full system, one V2G operator has several EVs connected to their charging points, and one local DSO has multiple EMSPs communicating and aggregating for them. The light orange communication link in Figure 16 illustrates the possible virtualised power plant communication between several two-way charging points and DSO. 5G enabled SDN/NFV is well suited for this kind of re-configurable virtualised network.   
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 Figure 16. Updated Figure 15 with proposed 5G solutions. Communication between the EV and the charging point is still done through the charger cable with ISO 15118 protocol.  After the protocols and communications technology-types are established, the infor-mation message going through the system needs to be clarified. There are 6 important values delivered in the message per EV, that all the actors in Figure 16 need to know:  
• Current SOC 
• Total capacity of the battery and the percentage available for the V2G system 
• Planned departure time of the vehicle 
• Current energy market price 
• Frequency of the grid and RoCoF 
• Charge-discharge power limits set to the vehicle and charger 

 With these values known for the whole system, excellent scalability and connectivity of 5G, and suitable protocols, the communication of the V2G system is suitable for adapta-tion. Finnish EV market and grid industry will have enough resources to implement this type of V2G proposition in 2025 (ISO 15118 will be fully adopted in CSS EVs) at least in smaller scale. And by 2030, when the EV fleet is significant, also in a scale of this 
thesis’ calculations.   
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6 Business aspects and values 
 The thesis has now covered most of the technical subjects and begins to evaluate some business-related concepts. As the calculations in Chapter 4 and the communication archi-tecture in Chapter 5 have shown, a V2G system is feasible and ready from a technological standpoint for further development. Hence, it is now reasonable to consider which indus-tries can obtain value from the technology and how they can execute the different use cases. The time scope considered in this chapter is the same as before, between 2020 and 2030.  A fully functional V2G system can provide several new business opportunities for many different actors. The most logical candidate to operate the V2G system is the company that has also developed the software that the system runs with. An example of a Finnish CPO/EMSP company that operates the system is Virta, which is already referred on mul-tiple occasions [10]. Virta launched the first public two-way charging station in Europe and is developing the technology constantly [10]. Another CPO/EMSP mentioned in the thesis is Fortum Charge&Drive [38]. Fortum’s advantage is that the company is also the largest energy company in Finland, thus enabling Fortum to manage the contacts to the energy markets and energy production units more easily. Moreover, Fortum already has all the possible links and contracts with Fingrid from the grid balancing standpoint [9].  Two additional company-types that might get involved in the V2G business are the car manufacturers [55] and the smart building operators [56]. Tesla has been quite hesitated to advertise their V2G capabilities and future plans regarding the technology, however, their other inventions might give their plans away. Autobidder [55] is Tesla’s energy di-
vision’s new product, which is used to manage and monetize the battery assets that a company or a consumer might have. The platform gives users the ability to real-time trade with the energy that their batteries hold [55]. Autobidder is compatible with any type of energy storage, thus making it extremely potent for the future V2G system. Tesla basi-cally only needs to enable the two-way charging in their vehicles, and after that they would have a fully operative V2G system for themselves.  Another sleeper are the smart building companies. YIT, a Finnish pioneer company in constructing smart buildings, has already done multiple researches on demand response [56]. If a smart building is already an operative demand response unit, it would be quite easy to add a couple of two-way chargeable EVs in the parking lot and utilize them as a part of the whole energy unit.  These four different possible V2G actors are visualised on the Subchapter 6.2, when the Value Network Configurations (VNCs) are introduced. The rest of the chapter is struc-tured as follows. The first part introduces the Value Network Configuration method itself, which is used to analyse the V2G situations. After introducing the method, Subchapter 6.2 applies VNC method to create four different situations and evaluates them. The chap-ter concludes with a discussion of different possible use cases that the companies might want to use the system.  
6.1 Method 
This subchapter briefly explains the modelling method used to visualise and analyse the business scenarios: Value Network Analysis. In the method, a visual map, Value Network 
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Configuration, is created. A construction of multiple Value Network Configurations gives a clear idea of the different interactions between companies involved in the model. The method begins with listing different actors, actions and technical components related to the business in question. The technical components are then connected to each other with a technical interface (red line). In case there is no connection between two specific tech-nical components, no technical interface is drawn between them. Technical interfaces are also named with the respective colour. This can be seen in Figure 17. All the technical components are then placed inside the respective action (e.g. if the technical component 
is a “car”, the action would be “driving”). In this specific research, some of the technical components also have a connective blue line between them. The blue line models the electricity flow in the system, yet it is not a mandatory part of the generic Value Network Analysis method. [11]  

 Figure 17. An example template of a Value Network Configuration without business ac-tors and business interfaces. Technical components are located inside the respective ac-tions and then connected with a technical interface.  The next phase is to add the business actors listed previously. The technical compo-nent/business action package is placed inside the right actor. If different VNCs are cre-ated, the same component/action can and will be inside different actors, thus changing the outcome of the analysis. It is common that a business actor has several technical com-ponents inside them. The method is finished by connecting the business actors with a (black) business interface line, if there is some value exchange between the companies at the time of the scenario in question. These business interfaces are typically labelled. A finished Value Network Configuration can be seen in Figure 18. The model includes only active business interfaces and no offline payments or investments (e.g. car owner buying the car from car manufacturer does not show in the model). [11]  
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6.2 Value Network Configurations 
6.2.1 CPO/EMSP driven scenario 
First VNC is created from the most-likely scenario that the current market development is leading towards. The scenarios are named based on their driving business actor, which usually has the control of the charging point system and provides the software to run it. The driving actor in this first scenario is the software provider and operator, and the ex-ample organisation is Virta [10]. The configuration illustrates the situation in the Figure 18 below.  

 Figure 18. Full Value Network Configuration of the E-Mobility Service Provider driven business situation.  Besides the software provider, also referred as a CPO/EMSP, there are several business actors that have a role in all four VNCs. Starting from the top row in Figure 18, the first two actors to look at are car owner and car manufacturer. Nissan and Tesla are great examples of the car manufacturer, especially Nissan with their V2G projects discussed in previous chapters. Car manufacturer operates their own vehicle management cloud as a technical component and car owner owns the electric vehicle and has a mobile application on their phone to control the charging when the vehicle is parked.  The charging point is located in a specific venue and in this example the venue owner is a housing company. The charging point could also be owned by a petrol station or a shop-ping mall. The business actor with the most business interfaces is located in the middle: energy company. Fortum is typically used as an example of this role, yet all the smaller energy companies work as well [38]. The main function of energy company is to sell and buy energy from the markets and manage all the energy contracts. Next to the energy company in the configuration is the software provider. Besides previously mentioned ac-tions, software provider also monitors the frequency of the grid.  The last two business actors are local energy distributor and grid balance operator, and their roles are quite simple in this model. All the energy distributors own and operate their part of the distribution grid and Fingrid monitors and balances the grid on national level. 
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Because these two actors have a clear and static infrastructure, their roles and interfaces do not change in these four different scenarios.  First VNC in Figure 18 includes all the important technical interfaces. They are high-lighted with red lines and labelled respectively. Most of the interfaces and protocols are the same as in Figure 16 in Chapter 5, and their reasoning is clearly described in that part of the thesis. Other important interfaces in the configuration are the 5G/Cloud connection between car owner and software provider, and 4G/Mobile App connection that the owner has with the vehicle. The reason why both of the mobile connections involving the EV itself are 4G instead of 5G is that the information needed decision making comes through the charging point and from the software provider, and the electric vehicle and the car manufacturer are not controlling the balancing in the V2G system. Additionally, the tech-nical interfaces including the electricity flow between the charging point and the grid actors only transport electricity information, such as energy, power and frequency values.  Business interfaces create several value flows and connections, which are the main part of these figures. An important structural factor to be considered with the business inter-faces is that the software provider only has active business interface with the energy com-pany. All the initial investments of venue and car owners are not considered in this method. The software provider has a partnership with the energy company, and energy company takes service and energy payments from the venue owner and car owner. For example, the partnership monetary value can be a fixed percentage added to the charging fee, which the energy company delivers to the software provider. Energy company also handles the contracts with the grid balance operator, which frees all the other actors from complicated contracts with Fingrid, or any other national grid operator. The last business interface is typically the service payment from car owner to the venue owner, which usu-ally covers the initial investments over time that the venue owner made to build the charg-ing point.  The last factor to highlight from all the VNCs is the blue dotted line: the electricity flow. In typical fashion, these configurations do not show electricity flow, however it is im-portant resource in this system and flows through several actors and technical compo-nents. The electricity flow’s route is unchanged in all four scenarios. It starts, or ends, in the electric vehicle, flows through the charging point and local distribution grid, and fi-nally ends up in the main grid. Due to the bidirectional nature of electricity in this V2G system, the flow has no clear beginning or ending.  In this specific software provider driven VNC, there are couple of interesting points to discuss. The active nature of this method significantly diminishes the role of a car manu-facturer. Of course, the system cannot operate without the EV or the car manufacturer’s operating software, yet these actors have no impact on the balancing decisions them-selves. The CPO calls all the reactive shots in this scenario, and thus is irreplaceable. That being said, the energy company holds the most interfaces and is necessary for the success of the system. One last factor to comment before moving to the second VNC scenario is that the value chain and the electricity flow have completely different routes, and the electricity is a mere resource, even though its movement enables the whole system.  
6.2.2 Energy company driven scenario 
In these following three Value Network Configurations the thesis only covers the changes made to the current VNC, and Figure 18 in Subchapter 6.2.1 remains as a base model for 
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the upcoming scenarios. The second scenario starts with a large energy company, such as Fortum, creating their own in-house V2G software and cutting the software provider com-pletely out of the configuration. Solutions like this are already in development [38]. Fig-ure 19 demonstrates the energy company driven VNC.  

 Figure 19. Full Value Network Configuration of the energy company driven business situation.  Even though, there are only a few changes between the first and the second VNC, the business scenario is completely different. There is no software provider or CPO, instead, the energy company has the control of the V2G system and said energy company also does the frequency monitoring by itself. This also eliminates the need of a partnership business interface, because all the value flows stay inside the same business actor. More-over, all the technical components and interfaces are the same, making the comparison more straightforward.   Now that the energy company has all three technical components, a possibility for a mo-nopoly to occur in V2G markets is quite high. While holding all the contracts and business interfaces, the energy company can set a price standard almost freely. In theory, the op-erating costs of the V2G system should be lower than in the first scenario, due to the fact that there is no additional software company involved. However, this also enables com-panies such as Fortum to make even larger profit with their service. For other business actors, this set up is simpler than the previous one, because there is only one company asking for service payments. Moreover, some consumers might be more willing to par-ticipate to the V2G balancing with their vehicle, if they already are Fortum’s energy cus-tomers. Besides a complete market monopoly, this Value Network Configuration scenario might cause some area monopolies, similarly to the local distributor companies. If the adaptation of the in-house V2G software becomes common among the energy companies, several other smaller and more localised energy businesses might start their own grid balancing products (Helen in Helsinki, Kerava Energy in Kerava etc.).  
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The next VNC scenario is somewhat similar to the energy company driven VNC in Figure 19, however in Figure 20, the car manufacturer takes over the software and begins to operate the service.  
6.2.3 Car manufacturer driven scenario 
In this subchapter, the car manufacturer takes control of the V2G technical components and the example company is changed from Nissan to Tesla. The change to Tesla is only made because of the example software, Tesla’s Autobidder [55], and any large car man-ufacturer could be applied here, when they publish a suitable software. The car manufac-turer driven Value Network Configuration is illustrated in Figure 20 and now further evaluated.  

 Figure 20. Full Value Network Configuration of the car manufacturer driven business situation.  There are no companies that would know the software to operate electric vehicles better than electric vehicle manufacturers themselves. The only question is are they willing to develop and implement said V2G system software, or are they just allowing a CPO to act as a software provider and operator. In this scenario shown in Figure 20, the car manu-facturer has come up with their own in-house V2G system, which could be a lot like 
Tesla’s Autobidder [55]. The configuration does not include individual software provider, instead the car manufacturer has both the system management and frequency technical components. Rest of the business actors and interfaces are the same, and technical inter-faces and components are in the same location as in Figure 18.  The lack of software provider changes the markets as expected. Now that the system is actually car brand specific, the focal point switches from “which energy company the 

customers use” to “which car brand they drive”. Tesla could of course make their V2G software compatible with every EV, thus expanding their market segment. However, as a market leader in the EV industry, Tesla can make the decision regardless of the other companies. Even though the car manufacturer’s role is the most significant in this sce-nario, the energy company is still needed due to the energy contracts with grid balance 
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operator and the venues. In the future, the car manufacturer might have straight contracts with grid balance operators and even in many countries.  The last subchapter covers the fourth VNC, the venue owner driven scenario. The con-figuration is evaluated similarly to the previous ones, and also, some general conclusions are drawn from all the VNCs in the end.  
6.2.4 Venue owner driven scenario 
The last scenario discusses the venue owner driven approach. The venue owner driven market scenario can actually occur alongside the other scenarios, just in a smaller scale. A Finnish housing and construction company, YIT, has launched several plans to further develop and pioneer smart building solutions, and YIT is used as an example company in Figure 21 below [56].  

 Figure 21. Full Value Network Configuration of the smart building company driven busi-ness situation.  Figure 21 can be considered as a customer-side iteration of the first scenario in Figure 18. Larger business actors such as the energy company and car manufacturer have similar roles as before, yet car owner has less impact on the system. In this scenario, the decision of vehicle participating to the balancing action is made by the venue owner instead of the car owner. The charging control technical component is changed from car owner’s mobile application to a management center inside the building in question. This is done because the system assumes that the building has several V2G capable vehicles at its disposal. The V2G system is connected to the smart building’s demand response system and it works as one large smart grid unit. In this configuration, this can also be seen as the blue arrow circulating inside the smart building. Actions like this are considered V2H, which was further explained at Chapter 4. The building can use the two-way electricity itself, instead of always pushing it to the grid.  This scenario adds one more large industry to the V2G markets, that also wants to make decisions and impact the upcoming technology. However, construction companies are not 
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probably willing to design the software and the systems themselves, hence the CPO is also needed. Same fact can be stated from the energy company, as smart buildings will probably not sell energy contracts to their inhabitants in near future. These actions by the venue owner add much value to their buildings and make the V2G balancing a lot easier for the car owner, as the only thing needed from the driver is to park.  To conclude all the four different Value Network Configurations, they all are possible and can even co-exist at the same time. Of course, if one of them scales to a national level or even to an international level of adaptation, the scale of other three scenarios is dimin-ished. Software operator driven scenario is the most likely and the current market situa-tion is leading towards it. Both energy company and car manufacturer driven scenarios are depended on the breakthrough in-house software of these actors, however example companies from both of them have shown interest. Additionally, venue owner driven sce-nario will probably happen in all cases, yet in small scale. Couple of newly built office buildings or apartment complexes will adapt this scenario but one of the three others will be the common solution in national level.  
6.3 Different business use cases 
The last part of this chapter covers couple of business use cases that could be utilized by different companies in the market scenarios that the Value Network Configurations intro-duced in Subchapter 6.2. The scenarios describe what kind of market situations are pos-sible and likely, and how they will end up looking like regarding the different interfaces. The use cases consider different motivation for customers to buy the V2G service in that market scenario, and furthermore, what is the motivation for companies to participate in the upcoming business.  The most important deviation in use cases is to decide, whether V2G will be used to achieve to best possible electricity grid health or to maximise economical profit. The Shanghai calculations, which were discussed in previous chapters, are a great example of a V2G system, where its main goal is to achieve more stable electricity grid and benefit 
the city’s economy [24]. A city or a government mandates every EV owner to automati-cally participate to the balancing actions and has fixed small monetary rewards from do-ing so. The idea is not to create massive profits for any business actor, yet in the long run everybody should benefit theoretically. The economic benefit approach is more similar to the stock exchange and free market space. The main goal is to create a whole new business platform for several industries to participate in [10]. Current electricity markets are already flexible for some profitable exchanging and the V2G system will accelerate this ability even further. However, because the electricity markets follow the laws of sup-ply and demand, the grid will inherently become more stable, even though every business actor is only thinking about their own profit. Moreover, the stock exchange style in this specific case can also be considered morally correct, as it pushes people to use eco-friendly vehicles and helps the growth of renewable energy sources.  Lastly, two smaller-scale use case are discussed, that might have some customer base interests. When V2G is technically possible in the vehicle, the EV can also be used as V2V (Vehicle-to-Vehicle) charging unit. An ability to charge cars with other cars adds value to the driver and can be used as a marketing advantage for the car manufacturer. V2V increases road safety, because if the battery dies on the road, another vehicle can give a helping hand. Additionally, households with multiple EVs will benefit from this technology for obvious reasons (e.g. one vehicle’s battery is empty and other one is full). 
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Similar to the V2V, a free-to-use Vehicle-to-Home, V2H, could be used as a clear mar-keting tool. Customers can connect their vehicles into their future smart homes and man-age the whole household flexibly. As the number of solar panels in private usage in-creases, the value of this solution rises. Moreover, some of the off-grid summer houses are still operating without electricity or with small batteries, especially in Finland. With a V2H capable vehicle, the customer can drive to their off-grid property and power some of their basic electronics such as coffee machine and lighting. The monetary value of small use cases like these two is hard to estimate, due to the fact that it depends complete on customer interest. That being said, for some drivers the road safety feature or ability to power their summer house can be the deal breaker in case of V2G.   
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7 Conclusion 
 Now, the thesis finally concludes with the overview of all the subjects discussed in the chapters. The thesis had three major objectives:  1. To conclude whether the potential power reachable with EV balancing and V2G system is enough for nation-wide usage. 2. To design a possible and feasible 5G communication architecture with suitable protocols for managing the two-way charging and discharging of electrical vehi-cles using the grid. 3. To evaluate the feasibility of implementing the proposed architecture in terms of value, analysing the market scenarios for different business actors and what type of interfaces there would be regarding the grid and the vehicles.  All the objectives of this thesis were reached and further discussed in their respective chapters. The rest of this conclusion is structured as follows. The main results from Chap-ters 4, 5 and 6 are listed individually in their own parts. After that, some future research and work topics are proposed to finish the thesis. All the academic references are listed after this chapter.  V2G balancing and detailed calculations were covered in Chapter 4. The two-way charg-ing point infrastructure, common referred as V2G, can be very similar to the current charging point system. There is no need for power or charger standards changes, the tran-sition from one-way charging to two-charging is only a matter of protocols. In 2030, the balancing power potential of the electric vehicle fleet in Finland can be relevant for na-tion-wide balancing, however other sources of frequency maintaining are of course still needed alongside V2G. With correct planning and design, the PHEVs can also be used in the V2G system as the Subchapter 4.2.2 explained. In these systems, the key is to limit battery usage per car to ensure expected battery life in the long run. Upcoming regulative limitations and legal guidelines might still affect future of V2G positively or negatively.  Chapter 5 focused on communications in the V2G system as well as on the protocols selection. Protocols used in V2G must be well chosen and defined, and the communica-tion system needs seamless information transfer between actors and technical compo-nents. Several suitable protocols were introduced in Subchapter 5.1. When considering mobile communications, 5G brings a lot of advantages, however, the latency is not the first aspect to worry about. LTE latencies are low enough in the beginning of V2G adap-tation and main benefits of 5G are scalability and connectivity. Communications upgrades are relatively expensive, yet beneficial for several different industries linked to the smart grid. The V2G communication system design and architecture can be simple and straight-forward, while still enabling the technology for implementation.  After all the technical parts, the thesis covered the values and business opportunities of the V2G in Chapter 6. Several interesting business scenarios are possible, based on the industry in charge of the V2G system. Software operator driven scenario is the most likely and the current market situation is leading towards it. Car manufacturer and energy com-pany are potential candidates to establish a strong market role. All the four different Value Network Configurations, VNCs, are feasible and can even co-exist at the same time. In these market scenarios a V2G system can be used for different business use cases (e.g. electricity market trading for profit or balancing only for the health of the electricity grid).  
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The two-way charging industry is far from being fully developed and researched. Up-coming protocols, such as OCPP 2.0 and ISO 15118, need detailed researched and espe-cially practical testing, when all the electric vehicles are compatible. Several important actions are also still needed from car manufacturers, as most of the vehicles are not yet supporting V2G. Tesla’s future plans and possible new battery technologies can change the industry in matter of days. As the price of 5G components and solutions is dropping, more research can be performed to the communications, and the importance of 5G for V2G becomes clearer. The electricity grid balancing products are going to constantly evolve (e.g. Fingrid’s FFR) and therefore, research with them and with independent ag-gregators must be continued. Overall, this thesis gave an exact insight on the early stages of Vehicle-to-Grid technology and especially to its communications and business scenar-ios and pointed the way for future research.  
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