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Abstract— This paper explores the potential impacts of
introducing a fixed electricity price in Norway, replacing the
current dynamic zone-pricing scheme. Dynamic pricing has
allowed households to optimize their electricity consumption for
many years, especially with the widespread adoption of electric
vehicles (EVs). While dynamic pricing has provided savings and
benefits for EV users and grid operators, Norwegian
policymakers are considering a shift to a fixed pricing scheme,
arguing that it would offer lower and more stable costs for the
population. A key question in this debate is how such a change
would affect EV charging costs, particularly for smart charging
users. To address this, the study utilizes real-world datasets on
EV charging sessions and hourly electricity prices. By combining
these datasets with a simulation and optimization framework, we
analyze how a fixed price would impact EV charging costs and
the price differences across Norwegian bidding zones. We also
demonstrate how a time-of-use pricing model can provide a
predictable and beneficial pricing structure for flexible electricity
consumption.

Index Terms—Electric vehicles, Energy consumption, Electricity
grids, Smart devices

L INTRODUCTION
In many countries, private households pay flat-rate electricity
prices rather than dynamic pricing, which adjusts to current
market conditions. This is largely due to concerns about the
potential benefits versus the costs of implementing such
systems, as well as fears about unexpectedly high bills.
However, dynamic pricing can offer monetary savings for
consumers and benefits for suppliers, such as reduced peak
capacity investments, better operational planning, and cost-
reflective pricing. By shifting electricity demand from peak to
off-peak hours, dynamic pricing can also help reduce
investment in new infrastructure [1]. In contrast, Norway has
implemented dynamic real-time pricing during many years,
with nearly 99% of households holding dynamic electricity
contracts [2]. These contracts enable hourly billing, allowing
households to adjust their electricity consumption based on
price fluctuations, leading to lower electricity bills and more
efficient electricity usage [2-4], particularly during price crises

[5].

979-8-3315-1278-1/25/$31.00 ©2025 IEEE

Norwegian households also have a unique characteristic
compared to many other countries: the highest market share of
electric vehicles (EVs) worldwide, with 96% of all new
vehicles being electric [6]. Additionally, most Norwegians
have the possibility to charge their electric vehicles at home,
with 92% of EV owners charging at least once per week at
home [7]. To manage this, many households have invested in
wall boxes—controllable, internet-connected charging stations
that allow users to schedule EV charging loads.

These wall boxes allow to perform the so often called “smart
charging” approach. Research on smart charging started due to
concerns about the potential implications that EV charging
may have on the electrical grid [8]. Nowadays, smart charging
is a broad term that refers to algorithms or optimization
problems that schedule EV charging loads with all kinds of
objectives. Algorithms aim to minimize electricity costs [9],
reduce battery degradation [10], optimize grid operation [11],
or combine multiple objectives [12].

In Norway, digital platforms offer smart charging services to
help users automate the schedule of charging through wall
boxes. The objective is to minimize electricity costs while
holding grid constraints. Research has shown that not only the
cost of EV owners may be significantly reduced by this smart
charging strategy, but also the grid operation may benefit from
a peak-shaving effect [2].

However, following the electricity price crisis, Norwegian
policymakers have been under pressure to reduce electricity
costs for households and increase bill predictability. Currently,
there is broad political support for introducing a fixed price for
all consumers, replacing the fluctuating dynamic pricing
system. Under this proposal, a single fixed price, referred to as
"Norgespris" ("Norway’s price"), would apply across all five
pricing zones in Norway. This price is intended to reflect the
average electricity price in the country.

While a fixed price tariff offers stability, it also removes the
opportunity to benefit from dynamic pricing, which can help
reduce electricity bills [ 13]. With a fixed price, electricity costs
remain the same regardless of fluctuations in supply and
demand, preventing EV owners from taking advantage of
lower prices during off-peak hours. As a result, the fixed price
system may reduce incentives for EV owners to engage in



smart charging. This raises the question of how a fixed price
would impact EV charging costs and the incentives to adopt a
smart charging strategy.

As day-ahead electricity prices vary across different
Norwegian bidding zones due to factors such as the availability
of cheap hydroelectric energy in northern parts of Norway, we
may hypothesize a decrease in electricity prices for some zones
and an increase for others under the fixed price, compared to
the current dynamic pricing system. Since price-insensitive EV
charging (i.e., plug-and-charge) is often done upon arrival at
home, when electricity prices are typically high, we may
hypothesize EV users who rely on plug-and-charge to benefit
from the new pricing system. In contrast, users of smart
charging might incur higher costs under the fixed pricing
scheme. Thus, in addition to analyze how the different
charging strategies would be affected by the new pricing
scheme, a related question is how to make the EV charging
costs more predictable and stable while keeping incentives for
efficient use of electricity. To address these questions, this
study conducts a numerical analysis of EV charging costs in
Norway, based on a simulation and an optimization model. As
the penetration of electric vehicles continues to grow in many
countries worldwide, this study aims to provide insights that
extend beyond the Norwegian context.

The rest of the paper is organized as follows: Section II
outlines the materials and methods, Section III presents and
discusses the results, and Section IV concludes with final
remarks.

II. MATERIALS & METHOD

We model EV charging by considering two key aspects. First,
using charging session data from [14], we develop a simulation
model to sample charging sessions according to different
charging strategies. The charging strategy determines how
electricity usage is managed throughout the session. In this
study, we focus on two strategies: Plug-and-Charge (PaC) and
Smart charging. With the PaC strategy, charging begins
immediately after plug-in time, and continues until the battery
charging requirement is reached. In contrast, the Smart
charging strategy optimizes charging by selecting times when
electricity prices are lowest within the time window available
for charging.

We analyzed the data from [14], assuming that the properties
of charging sessions vary between weekdays and months. The
variation between weekdays is driven by different travel
patterns associated with various activities, such as commuting
to work from Monday to Friday. The variation across months
is influenced by factors like the efficiency of EVs in different
temperatures, with colder months typically leading to higher
electricity demands due to reduced efficiency. For example,
Figure 1 illustrates the monthly electricity usage per EV,
highlighting how winter months result in increased electricity
consumption. Other factors, such as mobility needs and
vacation periods, also contribute to these patterns. Figure 2
presents the resulting workflow of the simulation.
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Figure 1. Monthly electricity consumption per EV.
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Figure 2. Workflow of simulation.

The charging strategies used in this model are the previously
described Plug-and-Charge and Smart charging approaches.
Under the Plug-and-Charge strategy, the EV begins charging
immediately upon being plugged-in and continues until the
required charging amount is reached. In contrast, the Smart
charging strategy is framed as an optimization problem, which
is solved to find the optimal charging schedule. This
optimization problem is solved individually for each charging
session.

For each charging session, let T represent the set of time
periods (in hours) within the session. The objective is to
minimize the total charging cost C for the session, as given by
equation (1). Let z; denote the dynamic day-ahead price at time
t, and let x, represent the charging load of the EV at time ¢. Each
charging session requires a total charging amount D, which
must be fully met during the session, as expressed in constraint
(2). The charging load x; is constrained by the maximum power
P* that the charging device can deliver. Additionally, since
the power flow is unidirectional, the charging load must be
non-negative. The corresponding lower and upper bounds are
expressed in (3).
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These simulation and optimization approaches are described in
more detail in [15]. The computational implementation of
these approaches requires data. We use two datasets in this
study. First, to run the simulation we utilize the charging
session data from [14]. This allows us to create charging
sessions to run the optimization model (1-3). The prices used
in the objective function of this model, are taken from the day-
ahead prices perceived in the five bidding zones of Norway
during each hour of the year 2024, published in [16]. By
solving the model, we can determine the optimal charging
schedule for the Smart Charging strategy and calculate the
average electricity price paid by EV owners using this strategy.
For owners using the Plug-and-Charge strategy, calculating the
average is straightforward after running the simulation, as no
optimal schedule is needed.

We compare these charging costs to a fixed price which applies
to all five electricity bidding zones. To calculate this price, we
calculate the weighted average price among all five zones. Let
Y be the set of all hours ¢ within a year, Z be the set of zones,
;- the day-ahead electricity price at time ¢ in zone z, and /,- be
the load at time t in zone z. The weighted average electricity
price is calculated as:
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We also propose a new pricing scheme to replace the fixed
price. This scheme is designed to account for daily fluctuations
in electricity prices while maintaining stability and
predictability for end consumers, addressing the current
criticisms of the existing dynamic pricing model. In alignment
with the reviewed pricing schemes by [1], we suggest a time-
of-use (TOU) pricing structure. Let H be the set of all hours
throughout the year. The TOU price for each hour / of the day
is calculated as the weighted average price across all zones and
across all time periods in the year, as follows:

pZOU = ZZEZ ZhEH T[h,z lh,z / ZZEZ ZhEH lh,z (5)

I1I. RESULTS & DISCUSSION
A. Dynamic price & fixed price
First, we calculate the weighted average price, referred to as
the "fixed price" (Equation (4)), which is determined to be 4.2
c€/kWh for the year 2023. This price is primarily influenced
by the pricing zones with higher electricity prices and greater
electricity consumption, especially NO1 and NO2, each
accounting for around 26% of total electricity consumption in
Norway. In contrast, the smallest bidding zone, NO4, has an
average electricity price significantly below the new fixed
price, at 2.5 c€/kWh. As a result, consumers in NO4 would
face an increase of approximately 71% in their electricity costs
under the fixed price system compared to their current day-

ahead prices. In total, this amounts to an additional cost of
about €352,600,282 for the year 2023 for zone NO4.
Figure 3 provides an overview of the simulation study results,
including the weighted average price in each pricing zone and
the new fixed price. As anticipated, EV owners who use a
smart charging strategy pay below the average price of their
respective pricing zone and below the fixed price. According
to the dataset, the average EV owner charges 2,076 kWh of
electricity per year. Therefore, a difference of 1 c€/kWh
between the average charging costs under the day-ahead price
and the new fixed price translates to an additional cost of
approximately €21 annually. In contrast to international
comparisons, total electricity cost savings in Norway are
relatively low due to the generally low cost of electricity. For
example, studies from Germany report electricity cost savings
of around 5 ct€/kWh for households with electric vehicles that
switch from a fixed to a dynamic pricing scheme [17].
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Figure 3. Average Costs based on day-ahead prices.

Contrary to expectations, EV owners using a plug-and-charge
strategy do not always benefit from the fixed price scheme, and
those using a smart charging strategy do not always face higher
costs. In electricity price zones with very low prices (NO3 and
NO4), the fixed price is significantly higher than the dynamic
pricing costs, leading to higher charging costs for EV owners
in these zones. Conversely, in the high-price zone NO2, the
fixed price results in lower charging costs, even for plug-and-
charge users. For zones NO1 and NOS, with average prices,
the expected outcome holds: plug-and-charge users benefit
from the fixed price, while smart charging users experience
higher costs under the fixed pricing scheme.

Another notable observation is that EV owners using the plug-
and-charge strategy do not always incur higher charging costs
than the average electricity price in their respective zones. This
might seem counterintuitive, as the plug-and-charge strategy is
typically associated with charging during peak price hours,
particularly in the afternoon. The drivers to explain these
results are the duration of the charging process and the timing
of when the EV is plugged in. On a typical day in Norway,
electricity prices are characterized by low rates at night, a price
peak in the morning, lower prices around noon, and a second
peak in the afternoon. On average, a charging session lasts for
12 hours, with 2.65 hours spent on actual charging. Most EV



charging begins when the vehicle is plugged-in after returning
home from work or similar activities. As a result, the initial
electricity consumption occurs at a high price, but as the
session continues, cheaper electricity is used. Additionally, the
morning price peak is often as high as or higher than the
afternoon peak when charging typically begins, contributing
significantly to the weighted average electricity price. Figure 4
illustrates this relation between the electricity price and the
load from a plug-and-charge strategy. It also shows how Smart
Charging schedules electricity consumption towards low-price
hours during the night and noon time.
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two prices demonstrates how our proposed pricing mechanism
ensures that users of smart energy devices continue to benefit
from lower costs within a unified system price. At the same
time, the pricing scheme remains stable and predictable. This
approach incentivizes consumers who adjust their usage to
low-price hours, while those who charge during peak demand
periods contribute to covering the higher costs.

Table 1 compares the cost differences between EV owners
using Plug-and-Charge and those using Smart Charging under
the proposed TOU price, as well as across all Norwegian zones
under the dynamic price. The comparison reveals that the
average percentage and total cost savings from Smart Charging
versus Plug-and-Charge are lower under a TOU price than
under a dynamic price. However, under the fixed price scheme,
cost savings are zero. The TOU price provides a balance,
offering predictability and stability while allowing flexible
consumers, such as EV owners, to adjust their electricity
consumption and reduce electricity costs.

Table 1. Changes charging costs under different charging
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Figure 4. Average charging loads and prices in NOI.

B. Time-of-use price

We now evaluate the proposed TOU price, as described in
Section II (Equation 5). This pricing scheme maintains the
same overall system costs while allowing households and
flexible consumers who charge during low-price hours to
benefit from reduced rates. Figure 5 illustrates the TOU price,
with lower rates during the night and higher peaks in the
morning and afternoon
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Figure 5. Proposed TOU price.

Since the proposed TOU price applies uniformly across all
Norwegian bidding zones, the charging costs for an electric
vehicle will be identical across these zones. In our simulation,
the average electricity cost under the Plug-and-Charge strategy
is 4.0 c€/kWh, while the average cost under the Smart
Charging strategy is 3.5 c€/kWh. The difference between these

strategies.
- Change in | Change in
Pricing Zone [%] [c€/kWh]
NO1 19.6 0.90
NO2 19.3 1.05
Dynamic price NO3 16.5 0.49
NO4 14.1 0.34
NO5 14.4 0.64
TOU price | All Zones 12.8 0.50
Iv. CONCLUSION

The debate between flat and dynamic prices has received
attention worldwide for many years. Likewise, the advent of
electric vehicles at massive scale around the world is posing
questions on how they may affect electrical grids. Norway, a
pioneer country in both respects, with private households
perceiving dynamic electricity prices (strongly aligned to the
day-ahead price of electricity) and a very high penetration of
electric vehicles, is experiencing a hot debate about whether to
switch back to a fixed price scheme. To shed light on how the
potential fixed price scheme would affect EV charging costs
and charging behaviors, this study has contributed with a
quantitative analysis based on simulation and optimization,
using real-world data from the country.

Our results show that EV owners in the northernmost electricity
bidding zones experience higher charging costs under the fixed
price scheme. This is because the fixed price is primarily
influenced by the high costs in other zones. In contrast, in the
high-price zones of Norway, the new fixed electricity price
would be sufficiently low relative to the current cost of smart
charging under dynamic pricing. In Norwegian zones with
average price levels, the fixed price behaves as expected: EV
owners who previously minimized costs with a smart charging
strategy will now face higher costs under the fixed price, while
those owners using a plug-and-charge strategy will perceive
lower costs under the fixed price.



The main incentive for adopting smart charging currently is the
potential to save on electricity costs. The new fixed pricing
scheme would raise questions about whether EV owners would
keep their behavior. As a result, some EV owners may switch
to a plug-and-charge practice, which would lead to higher costs.
However, these additional costs would be absorbed by the fixed
electricity price, causing the fixed price to increase. This raises
overall electricity costs, which is contrary to the intended
purpose of the fixed pricing scheme. Furthermore, smart
charging has shown to reduce electricity losses in the electrical
grid, as it aligns with periods of lower demand, which are
typically associated with lower prices. This makes smart
charging not only cost-effective for consumers but also
beneficial for grid efficiency. If smart charging becomes less
relevant under a fixed price system, grid efficiency could
decline, potentially leading to higher investments in grid
expansion. Therefore, we also studied a time-of-use pricing
scheme, where the price changes each hour to reflect daily
market price fluctuations. This pricing structure is stable and
predictable for households while still allowing them to align
consumption with the variations in market prices. Under this
scheme, smart charging remains a cost-effective option for EV
owners, although the electricity cost savings are lower
compared to the current dynamic pricing scheme.

For policymakers, our study demonstrates that the current
market scheme, which uses dynamic pricing for private
households, is an efficient way to allocate electricity costs
based on household consumption patterns. Flexible consumers,
such as EV owners, are rewarded with lower charging costs for
responding to market signals. However, under the proposed
fixed price ("Norgespris"), this incentive would be removed,
leading to higher charging costs in most areas of Norway. In
exploring a compromise between fixed and fully dynamic
pricing schemes, this article has also evaluated a time-of-use
pricing model. In comparison to the fixed price scheme
advocated by policymakers, the TOU pricing structure
continues to offer lower costs to those consumers who utilize
their flexibility.

Future research could investigate the effects of EV charging
loads on overall electricity prices and explore potential
incentive systems to encourage households to consume
electricity during off-peak periods. These systems must be
simple enough for households to understand, yet sophisticated
enough to accurately reflect real electricity prices.
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