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Abstract 

In the past few years, the volatility of electricity spot market prices has been high in the Finnish power system. This has 

motivated users to allocate electricity consumption such as electric car charging to low-price-hours. Consumers with spot price 

tariffs have saved hundreds of euros annually by scheduling their charging. This paper aims to assess the potential of electric 

vehicles as a resource to balance the electricity price peaks in electricity spot markets. In the future, the number of EVs will 

increase significantly which makes it a considerable load for the power system. However, it seems that other factors such as 

increasing wind power influence more on electricity prices than EV charging.  

 

1. Introduction 

Electricity markets are facing an energy transition affecting 

energy sources, energy consumption, and thus electric energy 

prices. Electric vehicles (EVs) are one of the power system's 

most prominent sources of flexibility. EV charging is easy to 

control, and it is easy to set the charging time to match the 

power system's needs, especially when it is well-known that 

EVs stay in the parking place most of the time. Hence, the 

electricity end-user can be part of the flexible power 

consumption. In the future, the opportunities for bidirectional 

charging can be seen. 

Electricity retail pricing is moving towards hourly or even 15-

minute intervals for the electricity end-users. This means that 

the prices may vary considerably within a day. In Finland, the 

past couple of years have shown that it is common that the 

daily variation between the lowest and highest hourly prices is 

hundreds of percentages or dozens of euro cents per kilowatt 

hour while the average retail price has been 7 cents/kWh and 

6 cents/kWh in 2023 and 2024 respectively. This provides a 

good incentive for those 30% of the end-users having a spot-

price-based retail contract.  

Currently, in Finland, the proportion of personal plug-in 

electric cars is below 10% (over 300 000) while the proportion 

of internal-combustion engine (ICE) cars is over 90% (over 

2 400 000) [1]. Thus, the number of electric cars is still 

relatively small compared with ICE cars. However, the rapid 

growth in EVs means they are becoming increasingly 

common. Fig. 1 The report shows that in 2040, the number of 

battery electric cars will be 1 600 000, which represents 60% 

of the whole passenger car fleet. 

 

Fig. 1. Estimated development of the number of battery electric and plug-in 

hybrid passenger cars in 2020–2040. [1] 

The question is how to utilise the EVs as a resource for the 

power system. Often as a solution for flexibility has been 

suggested explicit demand response (DR) where an aggregator 

pays for the resource for the electricity end-user. Thus, the 

aggregator manages a pool of flexible resources and sells the 

DR to the market participants as a service. This way the 

aggregator can join in the Day-Ahead market pricing process 

allocate the charging operation in the cheapest hours and gain 

some benefits from the actions. However, the aggregator-

sourced flexibility has at least not yet become common, but the 

implicit DR, where the electricity end-user shifts the 
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consumption based on direct price signals, is a true option for 

the electricity end-user. The implicit DR makes it easy for the 

electricity user to act. The only precondition is to have an EV 

home charging station and to have a tariff providing a price 

signal to allocate the EV charging in the cheap hours. In 

Finland, even 90% of the charging events occur at home which 

makes it a real option to allocate the charging to nighttime. 

1.1. Objective of the paper 

This study explores the opportunities for EVs to balance the 

power system, focusing on implicit flexibility where end-users 

schedule their EV charging. However, bi-directional charging 

of EVs is excluded. Using Finnish EV statistics and 

penetration forecasts, the study assesses daily charging needs 

and their impact on the power system. It also evaluates the 

benefits of charging time allocation for individual EV owners 

using hourly electricity consumption data from Finnish spot 

price tariff end-users. 

2. Developing power system 

Overall electrical energy consumption in Finland has had a 

declining trend in the past years. In the year 2023, the annual 

energy consumption was 80 TWh while the peak consumption 

in the year 2007 was 90 TWh. The peak load of the Finnish 

power system has been slightly increasing and it is now 15 

GW. However, the energy transition will change the trend fast. 

Finnish transmission system operator Fingrid has announced 

that energy consumption will be doubled in 2035 [2]. This will 

evidently have an effect on peak loading. Most of the new 

loading comes from the industry where new energy-intensive 

industry such as data centers, hydrogen production or 

electrified district heating is launched. Another significant 

change in electricity use comes from transportation that will 

be electrified. 

2.1. Wind power 

As a pair with the increased consumption a high amount of 

wind power plants is estimated to be constructed. Currently, in 

Finland the wind power capacity is 8000 MW. In addition to 

that 4000 MW wind power is under construction but the 

biggest part of the wind turbines is still under planning. It has 

been estimated that in ten years the wind power capacity could 

be quadrupled to 34 GW [2]. Fig. 2 shows the estimated 

growth of wind power. 

 

Fig. 2. Installed and estimated wind power in Finland. The estimation in 

September 2024. Original data from [2]. 

The main challenge with wind power is the high volatility of 

the power production because of the wind variation. Fig. 4. 

shows the hourly energy production of the Finnish wind power 

plants and it can be observed that the output power can vary 

between 0 and 100 % changing in a few hours. 

 

Fig. 3. Wind capacity and legalized wind power production on an hourly basis 

in Finland between 2021–2024. Data from [3]. 

2.2. Electricity Day-Ahead prices and demand 

Electricity price volatility has risen in recent years, largely due 

to the fluctuating production of renewable energy not only in 

Finland but also across northern Europe. However, the high 

proportion of renewable and nuclear power production and 

strong connections to other Nordic countries guarantee 

affordable prices for Finnish consumers. Thus, the average 

Day-Ahead price in Finland is one of the lowest in Europe. 

However, the variation in power production leads to 

fluctuation in electricity prices which has already been 

observed in the Finnish power system. Furthermore, this 

creates an incentive for the consumers to be flexible.  
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Table 1. Annual average, minimum, and maximum spot prices and the 

averages of daily minimum, maximum and difference of maximum and 

minimum values in the Finnish price area. Original data from [4]. 

 
Annual 

average 

[€/MWh] 

Minimum 

[€/MWh] 

Maximum 

[€/MWh] 

Average of 

daily min 

values 

[€/MWh] 

Average of 

daily max 

values 

[€/MWh] 

Average diff. 

of daily max 

and min 

[€/MWh] 

2019 44.0 0.1 200.0 30.2 58.3 28.0 

2020 28.0 -1.7 254.4 10.9 50.0 39.0 

2021 72.3 -1.4 1000.1 36.4 115.8 79.4 

2022 154.0 -2.1 861.1 58.1 256.8 198.7 

2023 56.5 -500.0 777.2 23.3 99.6 76.3 

2024 45.6 -20.0 1896.0 15.3 96.2 80.9 

The past years' experiences have shown that electricity 

consumers have reacted to the high electricity prices that can 

also be seen in the formation of the Day-Ahead electricity 

market price. Fig. 4 presents an example of the price formation 

from March 2024 in the Finnish price area showing the 

aggregated demand and production curves. The demand curve 

is relatively wide indicating that the demand in the Finnish 

power system is somewhat flexible. For instance, if the 

electricity price would be 0 €/MWh the consumption would be 

approximately 8000 MWh/h, whereas with the price of 1000 

€/MWh, the consumption would be only 6700 MWh/h. This 

means 1300 MWh/h flexibility for the power system. 

 

Fig. 4. Electricity Day-Ahead market bid curves of an hour in 2024 in Finland. 

Data from [4]. 

The historical perspective shows that flexibility has increased 

in Finland. In Fig. 5 is shown that the proportional flexibility 

of electricity demand in Finland has grown considerably, even 

doubled, after the summer of 2023. The proportional flexibility 

is hourly calculated flexibility divided by the volume of 

electricity demand. In this case, the flexibility is the difference 

between the demand side offers, with the price offer of 

0 €/MWh and 1000 €/MWh, and the used volume is the 

demand offer with the price of 0 €/MWh. For instance, with 

the flexibility (8000 – 6700 = 1300) MWh/h and the volume 

8000 MWh/h, the proportional flexibility is 

163 MW/1000MW. This means that on the demand side the 

loads will be decreased by 163 MW per each consumed 1000 

MW loads. 

 

Fig. 5. Flexibility of electricity demand in Finland between November 2021 

and May 2024. 

2.3. Customer retail contracts 

In Finland, customers can freely select the electricity retail 

tariff from the open markets where there are tens of retailers 

available. The retailers typically offer a few tariffs that are:  

1. Spot price tariff that varies hour by hour following the 

Day-Ahead price 

2. Fixed price tariff that is typically set for 1 or 2 years 

based on the electricity futures. 

3. Price updated monthly or quarterly based on occurred 

Day-Ahead prices. 

Fig. 6 shows the proportions of the small-scale consumers’ 

retail tariffs before 2023 in Finland. It can be observed that the 

proportion of spot-price-based tariffs has increased quickly 

after 2021 being 30% in 2023. The proportion of the spot tariff 

is over 30% at the beginning of 2025. 

 

 

Fig. 6. Proportion of small-scale consumers’ retail tariffs [5]. 
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2.4. Energy and power of EV charging  

Electric vehicle charging forms a resource for the power 

system. On average a Finnish driver drives 50 km in a day. 

This means 10 kWh daily charging demand for the EV if the 

average electricity consumption is 0.2 kWh/km. Currently, 

100,000 battery electric vehicles mean 1 GWh daily charging. 

If all the cars were charged by using the 3-phase 11 kW AC 

charger, the maximum charging power could be even 1 GW. 

However, all the vehicles are not simultaneously charged and 

thus the maximum charging power is lower. 

Study [6] provides the estimation for the consumption of EVs 

as a function of outdoor temperature. It estimates that in 

Finnish circumstances the EV driving energy would be 16.9 

kWh/100km at +23°C and 23.9 kWh/km at -20°C. This 

provides an annual average in Finnish conditions of 

approximately 20 kWh/100km. In the analysis, we used a 

linearised model based on these two values to estimate the 

daily driving energy. 

Based on [7] the charging of EVs takes more energy at cold 

weather. This is because of the increased losses due to the 

required preheating of the battery and cold battery. This means 

20% more energy at the -20 C compared with the charging at 

the +20 °C temperature. Similarly, charging at 0 °C and -10 °C 

takes 7% and 17% more than at +20 °C temperature, 

respectively.  

3. Results 

Today the number of passenger electric cars is below 200 000. 

In 2035, the number of passenger electric cars will reach 1 

million. With an average daily charging of 10 kWh and a 

normal 11 kW charger capacity the EV charging causes a 10 

GWh daily charging need, and 10 GW theoretical maximum 

charging power. This is a meaningful capacity, especially 

when the current peak power in the Finnish power system is 

only 15 GW. 

In this paper the effect of charging on the power system is 

considered from the premises of the individual EV user who 

has the opportunity to benefit from the volatility of electricity 

spot prices. Fig. 7 shows the comparison of costs of a single 

EV charging allocated to any daily hours in the year 2019–

2024. For instance, it can be observed that each year the 

nighttime hours are the cheapest and the morning time and 

evening time hours the most expensive. The costs of each hour 

are the cumulative costs through the whole year if the EV 

would be every day fully charged at the same hour. 

Theoretically, an 11-kW charger would be sufficient to charge 

the battery, 10 kWh/d, excluding the coldest times when the 

battery charging causes more losses. 

 

Fig. 7. Cumulative annual EV charging costs considered at the daily hours 

between the years 2019–2024. 

Table 2 shows a comparison of charging costs between the 

expensive evening hour 19-20 and the cheaper nighttime hour 

03-04 or the cheapest hour of the day. For instance, in 2020 

the cost of charging the EV at 03-04 is 59 €/a and 189 €/a at 

19-20. This means 130 €/a benefit for the EV owner when the 

charging is allocated to the nighttime hour 03-04 instead of the 

evening hour. If the charging can be optimized every day to 

the cheapest hour, the benefits are bigger. In the year 2020, the 

optimization increases the benefits by 7 € which indicates that 

the 03-04 hour is almost every day the cheapest nearly the 

cheapest hour. It can be observed that the benefits vary 

significantly between the years. Typically, the charging timing 

or optimization provides around 200–300 € annual benefits, 

but in 2022 the benefits may have been even 700 € per year. In 

this analysis, we have assumed that the starting time of the 

charging does not affect the efficiency of the charging event. 

In reality, in cold weather, the battery needs more preheating 

energy, if the car has stayed a long time after driving. Thus, it 

might be reasonable to charge the battery immediately after 

driving. However, this aspect is ignored. 

Table 2. The cost benefit of charging EV at the cheaper hour vs. evening time 

charging. 

 
Cost benefits in a year 

 
Charging at 03–04 vs 

19–20 

Charging at cheapest hour vs 

19–20 

2019 88 €/a 96 €/a 

2020 128 €/a 135 €/a 

2021 287 €/a 303 €/a 

2022 655 €/a 710 €/a 

2023 191 €/a 240 €/a 

2024 225 €/a 258 €/a 

4. Discussion 

Currently, the EVs are often charged at nighttime motivated 

by the cheap spot prices that provide even hundreds of euros 

benefits for the EV user having a spot price tariff. Thus, this is 

a natural source of flexibility for the power system and the 
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effects of flexibility can be easily scaled up. However, 

currently, only 30% of the electricity users have a spot-price-

based retail tariff, but the proportion is probably higher with 

EV owners. 

The results show that in future the charging of passenger EVs 

provides a significant load, with a daily average charging even 

10 GWh/d on the Finnish scale, which would be a good 

resource for the electrical power system compared with 

today’s daily electricity demand that varies from summertime 

180 GWh/d to wintertime 300 GWh/d. However, at the same 

time, a significant increase in industrial electricity use has been 

estimated, which may double the present loads. In addition, a 

high amount of wind power will be installed affecting more 

volatility in Day-Ahead prices.  

It can be evaluated that the charging of the EV fleet probably 

affects the national daily electricity usage profile and thus 

slightly balances the Day-Ahead prices. Nevertheless, the 

increased industrial loads and the new production probably 

affect more the price formation than the EV charging. 

The timing of EV charging may cause a new challenge in the 

power system: overloading the electricity distribution 

network. The timing directs the charging to the cheapest hours, 

when the charging may cumulate to the vulnerable 

components near the electricity end-users. 

5. Conclusion 

This paper examines the role of EVs in balancing price peaks 

in electricity spot markets, with the underlying assumption that 

households charge their EVs at home. Spot-price-based retail 

tariffs incentivize scheduled EV charging, offering annual 

savings of 200-300 € for average users. Currently, around 30% 

of Finnish households have chosen the spot price tariff.  

Current EV penetration is not high, but EVs form a significant 

vehicle fleet in ten years which means few percentages of the 

daily total electric energy. Allocation of this, at least partially, 

to the few cheapest hours balances the prices and thus it 

reduces the volatility between the lowest and highest prices in 

the day. However, wind power production will increase 

significantly in the coming years increasing price volatility. At 

the same time, industrial loads may even double the national 

electricity use. This indicates that the effect of EV charging 

may be minor compared to industrial loads and growing wind 

power.  
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