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Abstract 

Home charging is seen as a key factor for electric vehicle (EV) adoption due to its convenience and affordability. Currently, 

home charging is usually more affordable than public charging, leading EV users to utilise public charging infrastructure only 

when necessary. In this paper, a day-ahead electricity price analysis is used to demonstrate that public charging can be relatively 

affordable compared to home charging and can improve both social and individual EV users’ welfare. This requires the 
implementation of cost-reflective dynamic pricing that incentivises EV users to utilise public charging whenever cheap 

electricity, such as surplus renewable energy, is available. Simulations are carried out to show that dynamic cost-reflective 

pricing can notably increase public charging utilisation while providing economic advantages to EV users and charging site 

owners (CSOs). The optimal profit margin for CSOs is case-dependent but can be determined using the developed simulation 

model. For the considered case study, a profit margin of 7.5 cents/kWh leads to the highest additional revenue from EV users 

who opt for public charging instead of home charging to reduce charging costs. 

1 Introduction 

Private home charging enables convenient use of electric 

vehicles (EVs). Studies have shown that, if EV users have 

access to home charging, it fulfils most of their charging 

needs [1][2]. The remaining demand is typically met by 
public charging when the EV’s remaining range is 

insufficient to reach home.  Currently, public charging sites 

tend to employ fixed pricing models that are typically more 

expensive than charging costs at home, making it 

challenging for charging site owners (CSOs) to compete 

with home charging. However, as electricity generation 

increasingly relies on volatile renewable energy 

resources (RES), such as solar and wind power, the 

predominance of home charging is becoming less 

optimal [3]. Given that home charging occurs mostly during 

late evenings and nighttime, it offers limited flexibility for 
utilising RES. 

 

The primary objective of this paper is to propose a method 

to incentivise EV users to utilise public charging as an 

alternative to home charging when it is more beneficial from 

an electricity generation standpoint. To achieve this, the 

paper offers the following contributions:  

1. Formulating a dynamic, cost-reflective pricing model 

to incentivise charging during high RES output while 

ensuring consistent profits for CSOs. 

2. Analysing the feasibility of the dynamic pricing for 

public charging sites from an electricity cost 
perspective. 

3. Demonstrating the effectiveness of the proposed 

pricing scheme in terms of increased usage and reduced 

costs for EV users. 

 

The rest of the paper is organised as follows: Section 2 

presents the formulation of the pricing scheme. Section 3 

describes and analyses the data used. Section 4 presents the 

case study and results. Section 5 concludes the paper with 

lessons learnt. 

2 Dynamic pricing for public charging 

This paper proposes the implementation of a cost-reflective 

dynamic pricing scheme for public charging infrastructure. 

In this context, dynamic pricing refers to the real-time 

adjustment of charging costs (i.e. hourly), while cost-

reflectivity ensures that prices accurately reflect the costs 

incurred by individual charging sessions. For example, 

charging during periods of high electricity prices should 

result in higher charging costs. This pricing strategy aims to 

incentivise EV users to exploit their spatio-temporal 

flexibility to charge in a manner that aligns with volatile 

RES electricity generation conditions. Given that lower 
electricity prices are also often associated with reduced 

emissions [4], it could reduce both charging costs and the 
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carbon footprint of EV charging.  Furthermore, shifting a 

part of the home charging demand to low-price periods 

during the day could alleviate the pressure on power 

distribution grids caused by home charging peaks [5]. 

Currently, public charging sites predominantly use rather 

fixed pricing schemes, e.g., energy-based (€/kWh) or time-

based (€/min), which lack dynamic incentives [6][7]. 

 

In the scientific literature, various dynamic pricing models 

have been proposed [8][9]. However, a common 
shortcoming of the studies is the lack of consideration for 

competition between different locations [10]. Several 

studies have highlighted the price-sensitive behaviour of 

EV users [2][8][11], indicating that charging typically takes 

place at the cheapest available location. To date, the 

cheapest option is usually at home if a suitable charging 

outlet is available [12]. By implementing cost-reflective 

dynamic pricing, public charging sites could compete with 

home charging in the future. 

 

In this paper, the pricing model is formulated based on the 
day-ahead electricity and power distribution costs. 

Additionally, a profit margin is considered to allow the CSO 

to determine the required profits (€/kWh) for the charging 

service. The pricing is formulated as shown in Eq. 1, where 

subscript t represents the time step, Cuser is the price for the 

user, Ce depicts the day-ahead electricity costs, Cd stands for 

the volumetric (i.e. €/kWh dependent) distribution grid 

tariff, and Cm is the profit margin. Electricity purchase and 

distribution contracts may also include non-volumetric 

costs, such as fixed costs (€/month) or power-based costs 

(€/kW, month). Since it is challenging to allocate these costs 

to specific charging events, they are not considered in the 
charging service pricing structure. Instead, the CSO should 

adjust the profit margin to cover these costs. 

 

𝐶𝑢𝑠𝑒𝑟,𝑡 = 𝐶𝑒,𝑡 + 𝐶𝑑,𝑡 + 𝐶𝑚 (1) 

3 Description and analysis of the data 

The following section highlights the data used in this study. 

First, electricity prices are analysed using data from five 

European countries: Germany, Denmark, Norway, Sweden, 
and Finland. Furthermore, the Finnish charging data, used 

for the simulations in the subsequent subsection, is 

presented and analysed. 

3.1 Analysis of electricity prices 

Hourly day-ahead electricity price data from 01.10.2022 to 
30.09.2024 is analysed for one price zone per country: 

Germany (DE), Denmark (DK2), Norway (NO2), Sweden 

(SE3) and Finland (FI). As shown in Fig. 1, apart from 

Germany, the lowest average hourly prices in each country 

occur during nighttime hours. In DK2 and NO2, the lowest 

average daytime price is almost as low as the lowest average 

nighttime price. These results suggest that controllable 

loads, such as EVs, could often benefit from being 

scheduled to nighttime hours. 

 

 

Fig. 1: Average hourly electricity prices. 

While average electricity prices provide useful insights, 

they can be somewhat misleading. A closer examination of 

the number of negative prices per hour during the period 

from 01.10.2022 to 30.09.2024, as shown in Fig. 2, reveals 

distinct patterns. In DE, DK2, and NO2, negative prices are 

significantly more frequent during daytime hours. In SE3 

and FI, negative prices are more common at night; however, 

this trend may change with anticipated investments in RES, 

particularly solar power. 

 

 

Fig. 2. The average number of negative prices per year. 

For further analysis, electricity prices during daytime hours 

(8:00–17:00) are compared with those of the subsequent 

evening and night (17:00–8:00). This is illustrated in Fig. 3, 

where the coloured areas (striped and solid) indicate the 

probability of the cheapest daytime electricity being 

cheaper than the cheapest nighttime electricity. The solid 
area represents the probability of the cheapest hour of 

daytime electricity being at least 10 cents/kWh lower than 

the cheapest hour of evening/nighttime electricity. For 

example, in summer, electricity is cheaper during daytime 

hours on approximately 88% of the analysed days in 

Germany. Overall, it is more than 10 cents/kWh cheaper 

during daytime hours than nighttime hours on about 47% of 

days. 



  

  CIRED 2025 Conference 16 – 19 June 2025 

  Paper 222 

 

3 
 

 

 

Fig. 3. Probability of electricity being cheaper (striped 

area) or more than 10 cents/kWh cheaper (solid coloured) 

during daytime hours. 

To summarise, Fig. 2 shows that in certain countries, 

negative electricity prices occur more often during daytime 

hours. Consequently, cost-reflective dynamic public 

charging pricing can occasionally be very competitive 

compared to, e.g., home charging at households with a fixed 

electricity price contract. In contrast, Fig. 3 highlights that 

certain daytime hours often exhibit lower electricity prices 

than those in the following evening and night, making cost-

reflective public charging pricing also competitive 

compared to home charging for households with dynamic 

pricing contracts. As the share of solar power increases, 
daytime prices are expected to fall further, especially on 

sunny days, which could lead to additional challenges for 

the grid unless more load is shifted to these periods. 

3.2 Charging data and analysis of price sensitivity 

The charging session data originates from a site located at 

shopping mall premises in southern Finland. The charging 
site comprises 40 charging outlets, each capable of 

delivering up to 22 kW. The dataset encompasses 

uncontrolled charging events which include the plug-in time 

(tin), plug-out time (tout), stop of charging time (tstop), and 

charged energy (E). Sessions with an average charging 

power (Pavg=E/(tstop-tin)) less than 1 kW or greater than 23 

kW, or with an energy demand of less than 1 kWh, were 

excluded from the analysis. 

 

The data spans two distinct periods: when charging was free 

(25.07.2018–04.10.2022) and when it was priced at 
0.05 €/min (05.10.2022–10.01.2023). Depending on the 

charging power, typically around 3.7, 7.4, 11 or 22 kW, the 

charging costs are 81, 41, 27, or 14 cents/kWh, respectively. 

Due to the per-minute pricing scheme, the charging site 

offers relatively high or low prices compared to other public 

charging sites with per kWh pricing, depending on whether 

an EV supports charging powers of less or more than 

11 kW, respectively. For EVs that support up to 22 kW, 

charging costs might be comparable to home charging. 

 

This pricing scheme shift allows for an analysis of price 

sensitivity, specifically by estimating the number of 

additional customers attracted by reduced charging costs. 

To assess the impact of this pricing change, 30 days prior to 

(05.9.2022–04.10.2022) and after the change (05.10.2022–

03.11.2022) are investigated. The analysis period was 

confined to 30 days to minimise the impact of the growing 

number of EVs on the results. The free charging service 

attracted 3.12 times as many customers than the priced 
service (90/day vs. 29/day), meaning that the priced service 

only attracted 32.1% of the customers compared to the free 

service. In terms of charged energy, the free service 

experienced a throughput 2.67 times as much (959 kWh/day 

vs. 360 kWh/day). A similar pattern was observed when 

analysing data from 90 days before and after the pricing 

adjustment. These numbers highlight the existence and 

magnitude of price sensitive EV charging behaviour. 

4 Simulations 

To demonstrate the benefits of cost-reflective dynamic 
public charging pricing, simulations are conducted with the 

Finnish data. This section outlines the simulated case study, 

the underlying assumptions, and the resulting findings. 

4.1 Case study 

The case study investigates the aforementioned public 

charging site utilising the proposed cost-reflective dynamic 
charging pricing to compete with home charging. The 

simulation uses twelve months of charging data 

(01.10.2021–30.09.2022) when charging was free, and thus, 

the used data include users who must charge and users who 

want to exploit the free charging. The simulations employ a 

1-minute temporal resolution to model the charging power, 

and assume the power remains constant until the energy 

demand is met. To better capture the ongoing energy 

transition towards increased utilisation of RES and its 

impact on electricity prices, spot price data from 01.10.2023 

to 30.09.2024 is used. 

4.2 Assumptions 

4.2.1 Charging behaviour: Based on previous research 

[2][8][11] and the findings of the charging data analysis, EV 

users are assumed to exhibit price-sensitive behaviour, 

opting for the cheapest available charging option. The 

simulation accounts for three distinct user groups: 

Group 1: Users who depend on public charging either 

because they lack a home charging opportunity or do 

not have a sufficient state of charge to return home. 

Group 2: Users who have the option to charge either at the 

public site or at home but opt for public charging 

because it is the more affordable choice. 
Group 3: Users who have the option to charge either at the 

public site or at home but opt for home charging 

because it is the more affordable choice. 
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Based on the price sensitivity analysis (see Section 3.2), 

32% of customers are allocated to Group 1, which uses the 

public charging site regardless of pricing changes. Other 

charging locations are not considered in this paper, so it is 

assumed that these users will continue to use the service 

even if the pricing shifts to the dynamic model outlined in 

Eq. 1. To assign charging sessions to this 32%, random 

sampling is used for each day. The remaining 68% of the 

recorded charging sessions represent the EV users of Group 
2 and Group 3. Simulations are then used to determine the 

specific group for these users based on the charging costs: 

If the calculated charging costs at the public site are lower 

than at home, the user belongs to Group 2, and otherwise, 

the user belongs to Group 3. 

 

4.2.2 Home charging costs: Households are assumed to 

have fixed electricity price contracts. Although the share of 

dynamic price contracts has increased significantly in recent 

years, they were still less commonly used in Finland in 2023 

(31%) [13]. In 2023, fixed electricity contracts for 
residential customers were priced at approximately 

10 cents/kWh. Additionally, customers must pay 

distribution costs of 2.8 cents/kWh (night-time price under 

Time-of-Use pricing) and an electricity tax of 

2.8 cents/kWh, resulting in a total cost of 15.6 cents/kWh 

(including VAT at 25.5%) [14]. 

 

4.2.3 Public charging induced costs for CSOs: The 

provision of charging services incurs costs for the CSO, 

including tariffs, taxes, and electricity purchase costs. The 

grid tariff costs are as follows: Energy-based costs are 

5.3 cents/kWh (winter weekdays: 01.11-31.03, Mon–Sat 
7:00–22:00) and 2.5 cents/kWh (other times), basic charge 

95.1 €/month, demand fee 5.1 €/kW,month, and 

2.8 cents/kWh electricity tax (including VAT at 

25.5%) [15]. Electricity is assumed to be purchased at the 

spot market price. 

4.3 Results 

To begin with, Group 1 is used as the baseline to evaluate 

how many additional EV drivers will utilise the charging 

site dependent on the selected profit margin. As shown for 

the annual results in Table 1, the dynamic pricing model 

attracts 24.5–144.2% more EV users (Group 2) depending 

on the used profit margin (0–10 cents/kWh, see Eq. 1). 

These EV users opt for public charging as it is cheaper than 

their home charging (15.6 cent/kWh). The results show that 

60.0% more EV users would utilise public charging even in 

case the CSO implements a profit margin of 7.5 cents/kWh. 

This highlights that CSOs can make some profits while still 
being competitive against home charging. In each case, the 

additional energy charged into the EVs is proportional to the 

number of EV users exploiting the cheap public charging. 

For example, with a profit margin of 7.5 cents/kWh, 60.5% 

more energy is charged.  

Table 1 Summary of the yearly results. 

Profit 

margin 

(cent/kWh) 

Additional 

EVs opting 

in (%) 

Additional 

charged 

energy (%) 

Group 2 

cost 

savings (€) 

0 144.2 144.2 10474 

2.5 122.6 122.7 6801 

5 94.8 95.5 3776 

7.5 60.0 60.5 1581 

10 24.5 24.6 354 

 

Fig. 4 illustrates the results for each month of the analysis, 

depicting the correlation between spot prices, seasons, and 

the number of additional EVs opting for public charging 

depending on the selected profit margin. During summer, 

spot prices are low, and the number of EVs opting in is high, 

whereas in winter the opposite is true. The figure suggests 

that the CSO could employ a variable profit margin—lower 
in winter and higher in summer—to maintain a steady 

number of EVs opting in. 

 

 

Fig. 4. Illustration of the share of additional EV drivers 

using the public charging site (i.e., Group 2) in case of profit 

margins ranging from 0 to 10 cents/kWh and the average 

monthly spot price. 

Table 2, on the contrary, focuses on the CSO’s profits 

originating from Group 2 and considers two components: 1) 

energy delivery revenues and 2) peak load costs. The energy 

delivery revenues are calculated by multiplying the profit 

margin (Cm) and the supplied energy (in kWh). The peak 

load cost increment depicts how much the peak load-based 

costs increase due to the increasing charging load of Group 

2. According to the table, the CSO achieves the highest 

additional income of 1497 €/year from Group 2 by having a 

profit margin of 7.5 cents/kWh. As shown in the table, peak 
load-based costs can significantly affect the profitability of 

the charging service provision. However, since the CSO can 

centrally control all the EVs at the charging site, peak 

shaving could easily be implemented. Previous studies have 

highlighted that peak loads can be reduced by around 20–

40% without a notable impact on the charged energies at 

public charging locations at shopping mall premises [16]. 
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Table 2 CSO’s yearly income originating from Group 2. 

Profit 

margin 

(cent/kWh) 

Energy 

delivery 

revenue 

(€) 

Peak load cost 

increment (€) 

Difference 

(€) 

0 0 5950 -5950 

2.5 3384 5397 -2013 

5 5265 4638 627 

7.5 5005 3507 1497 

10 2718 3196 -478 

5 Conclusions 

Current fixed pricing practices for public charging might be 

unsustainable, as they do not encourage EV users to 

leverage their charging flexibility. The results presented in 

this paper reveal that daytime charging during certain hours 

can offer numerous benefits. By implementing cost-

reflective dynamic pricing schemes, public charging sites 
could: 1) offer cheaper charging than home charging during 

periods of surplus renewable energy production, 2) enable 

EV users to save money and reduce emissions by optimising 

their charging based on electricity generation patterns, 3) 

attract more customers by adjusting the profit margin 

optimally, and 4) reducing potential load peaks caused by 

coinciding home charging. 

 

To gain a deeper understanding of the impacts of charging 

pricing, future work will investigate the competition 

between public and home charging in cases where 
households and CSOs have different electricity purchase 

and distribution contracts. Additionally, other locations in 

different countries should be considered as well as the 

impact of load sharing and conditional connection 

agreements. Pricing development should study options to 

improve cost-reflectivity by allocating also CSO’s non-

volumetric charging costs and flexibility service provision 

related profits to the charging sessions. Furthermore, to 

ensure a sustainable practice, the pricing schemes should 

consider user perspective in terms of, e.g., ease of use. 
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