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Abstract—To mitigate the ongoing climate changes and pro-
mote a power grid that widely utilizes the production of renew-
able electricity and flexibility services, synergy with the users is
of interest. However, it is not certain that critical actors such
as governmental bodies or the industry perceive the users and
their motivations correctly, and misconceptions might hinder the
implementation of green technologies in society. In this paper, we
investigate how different types of users in Sweden differ in their
ability to create revenues using green technologies and flexibility.
We investigate if views held by, e.g., governmental bodies or the
industry could be detrimental to necessary future policy changes.

Index Terms—prosumers, policies, energy poverty, renewable
electricity, energy storage

I. INTRODUCTION

Accelerated mitigation of the ongoing climate changes
needs a sufficient degree of utilization of renewable energy
sources, emerging flexibility services (e.g., peak shaving or
frequency regulation), and energy storage systems. Fortu-
nately, this is a trend that can be seen today in many regions
and there are sometimes incentives in the form of possible
monetary revenues. However, not all energy users have an
equal opportunity to reap the economic benefits of using such
modern ”green technologies” as photovoltaic (PV) cells or
battery energy storage systems. These systems have often a
non-negligible procurement cost as well as requiring suitable
placement of installation and potential synergy with the daily
behavior and habits of the user.

Simultaneously with combating climate change, green tech-
nologies also have the potential to alleviate ”energy poverty”
by optimizing the procurement, usage, and sale of electricity.
Energy poverty can be defined as ”a situation in which
households are unable to access essential energy services and
products... Energy poverty occurs when energy bills represent
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a high percentage of consumers’ income, or when they must
reduce their household’s energy consumption to a degree that
negatively impacts their health and well-being.” [1]. According
to [2] 8% of the population in EU stated ”that they were
unable to keep their home adequately warm” but the number
varies greatly between member states. This is an important
issue that threatens to increase the socioeconomic gaps in
society. Fortunately, the concept of ”energy communities” can
help. In an energy community, the constituent members from
several households, buildings, or other nearby premises are
interconnected with the aim of sharing the benefits of, e.g.,
renewable electricity production, load management, electrical
vehicles, etc. As alluded to above, many consumers are rel-
atively isolated but energy communities have the potential to
give more people the opportunity to, jointly, utilize renewable
electricity production and participate with, e.g., frequency
regulation services to the grid (as such services often have
performance requirements that a single isolated user can not
meet). However, in Sweden, energy communities are still a
relatively unused concept.

Another important concept for our analysis is the ”micro-
producer” (i.e., small-scale electricity production). To cur-
rently be classified as a micro-producer in Sweden the user
should not have a subscription to a fuse exceeding 63 A and
produce electricity, that can be fed back to the grid, with
power levels exceeding 43.5 kW [3], [4]. If this is fulfilled,
the user does not pay any fee for the electricity that is fed
back to the grid. The revenue created from this is, currently in
Sweden, mainly based on the rate of the spot price (SEK/kWh)
at the power exchange Nord Pool and a tax reduction (0.6
SEK/kWh).

The micro-producer is strongly linked to the concept of the
”prosumer”, which is a participant in the energy system that
both produces and consumes energy. Wide implementation of
the prosumer concept has the potential to both greatly aid the
power grid as well as combat climate change. But such large
implementations might need policy changes and, thus, a good
foundation to base these on and, potentially, require a deep
understanding of the prosumer.

The work in [5] investigates the level of this understanding979-8-3503-9678-2/23/$31.00 ©2023 European Union



and two main observations are described. First, a literature
study on Swedish policy documents from the government,
authorities, and industry, suggested that these actors made in-
correct, biased, and often baseless assumptions concerning the
households and the views and motivations held by these. The
described fundamental gap between the perceived image of the
households and the households themselves might potentially
cause targeted green incentive campaigns to fail or, at least,
not be efficient. Secondly, although these actors assumed that
the households were motivated to adopt, e.g., flexible prices
(as the incentives were perceived to be great) the opinions
were that this would best be done via ”automation” (and also
aggregation) to remove the need for active participation and
”manual control” by the households. However, it was not in
the scope of [5] to evaluate any potential impacts of making
these assumptions. This is a significant task and, here, we only
try to shed some light on a small part of this.

Thus, the main research interest here is how much difference
is there, after automation and optimization, between (some)
different types of users trying to mitigate energy poverty as
prosumers utilizing flexible pricing? I.e., will different house-
holds experience such vastly different costs and revenues as to
validate the need for a deep understanding of the households
or are general assumptions sufficient?

II. INVESTIGATION

A. Individual and aggregated consumption profiles.

To investigate the different users, we first have to define
them. Using, e.g., Nonintrusive load monitoring (NILM) [6]
the overall power consumption of a household can be dis-
aggregated and individual appliances can be detected and
identified (which is a potential privacy concern not investigated
here). Thus, we make the assumption that different lifestyles,
behavior, and working situations will directly, and visibly,
affect the power consumption profile of the household.

We initially investigate three types of users who are here
defined by their daily power consumption profiles; ”Double
peaks”, ”Night focus” and ”Day focus” [7] (see Fig. 1). These
three types of users all have some level of (approximate)
constant ”base consumption” (that is visible at various times
during the 24 h period) due to electrical equipment that is
always, to some degree, consuming power, e.g., refrigerators
or equipment in standby, even if the user is not at home or at
sleep. From this reasoning we first make the assumption that
a person having a job that requires them to be in an office
or on-site during the day will, at these hours, most likely not
consume electricity at their home, exceeding their base load.
This is described by the ”Double peaks” profile. Secondly, a
person having a job that requires them to either work externally
during the night (e.g., medical staff) or from home during the
day will, most likely, have their main household electricity
consumption during the middle of the day. This is similar
to the ”Day focus” profile. Lastly, a person spending their
waking hours at home during the night will have most of their
household electricity consumption during the night, which

Fig. 1. The three fundamental consumption profiles that are used here.

corresponds to a ”Night focus” profile and is simply a ”Day
focus” profile shifted in time.

Many types of users can be covered in one of the envelopes
of the three above-described consumption profiles but it is
recognized that there are those that can not. For example, co-
habiting users or tenets in an apartment building are not likely
to all have similar daily behaviors or job situations. To describe
more complex consumption profiles we aggregate the three
profiles, described above, with different weights. The variables
rdp, rnf and rdf in Table I represent the constitutive ratios
of the consumption profiles ”Double peaks”, ”Night focus”
and ”Day focus”, respectively, included in the new aggregated
consumption profile. For example, in ”Case 5” (see Table I)
the consumption profile is the aggregated sum of the ”Double
peaks” and ”Day focus” profiles weighted with 2/3 and 1/3,
respectively, i.e., PLoad(t) =

2
3Pdp(t) + 0 · Pnf (t) +

1
3Pdf (t).

Notice that, Case 1-3 corresponds directly to one of the profiles
described in Fig. 1.

For each analysis of the ten types of user profiles (see Table
I), we generate, using Matlab [8], 1000 random samples of
each type of user, and the results are averaged for each type.
For the profiles, the timestamps for the different edges can vary
within a 30-minute period, and the various magnitudes with
−500/+1000 kW. According to the Swedish Energy Agency,
more than half of all homes and premises in Sweden are
heated using district heating, which is also here assumed to
be the source of heat. Thus, a good estimate of the yearly
electricity consumption for a single-family house [9] as well
as for large apartments [10] is approximately 5000 kWh per
year. Therefore, before each individual profile in Table I is
passed on to the analysis it is scaled to have an electricity
consumption of 5000 kWh/365 days ≈ 13.7 kWh/day.



TABLE I
AGGREGATED USER COMPOSITION.

Ratio
Index rdp rnf rdf
Case 1 1 0 0
Case 2 0 1 0
Case 3 0 0 1
Case 4 1/3 1/3 1/3
Case 5 2/3 0 1/3
Case 6 2/3 1/3 0
Case 7 1/3 2/3 0
Case 8 0 2/3 1/3
Case 9 0 1/3 2/3

Case 10 1/3 0 2/3

B. Optimization and modeling

The revenue (i.e., negative cost), that the different users (i.e.
consumption profiles) can generate using their installation, is
now investigated. This is done using GAMS [11], which is
a high-level modeling system for performing optimization. It
is very suitable for analyzing and solving large and complex
optimization problems where several different interdependent
processes (potentially all with their own behavioral equations,
constraints, and limits), together with the selected objective
function to be minimized, are structured. Thus, GAMS is very
useful for investigating situations where an installation has
power flows to, and from, different, sometimes interdependent,
sources of, possibly, different nature (i.e., PV cells, batteries,
heat pumps, etc.) and to minimize, e.g., the cost. The following
equations describe our situation. For ∀t ∈ [0, 24 h] with
timestep dt = 0.25 h (i.e., 15 minutes):

PPV (t) + PB(t) + Pd(t) = ...

PLoad(t) + Pc(t) + PS(t) (1)

Eb(t) = Eb(t− 1) +

(
Pc(t)nc − Pd(t)

1

nd

)
dt (2)

Pd(t) ≤ Pd,maxIdch(t) (3)
Pc(t) ≤ Pc,maxIch(t) (4)
Idch(t) + Ich(t) ≤ 1 (5)

PB(t) ≤ PB,maxIbuy(t) (6)
PS(t) ≤ PS,maxIsell(t) (7)
Ibuy(t) + Isell(t) ≤ 1 (8)

min Cost =
∑

t∈[0,24]

PB(t)(α+ pb(t))∆t...

−
∑

t∈[0,24]

PS(t)(β + ps(t))∆t...

+
∑

t∈[0,24]

ϵ(Pd(t) + Pc(t))
2 (9)

Here, PLoad(t) is the consumption profile set by the user
(see Fig. 1 and Table I).
PPV (t) is the power produced by the PV installation. The

power output follows a bell shape that peaks at 12:00 and gives
negligible production between 18:00 - 06:00. Here, we have

assumed a micro-producer where the photovoltaic installation
has a maximum peak power output of 10 kWp (as this would
allow for a subscription to a 16 A fuse size, which constraints
the power flow with the grid to ≈ 11 kW, and also limits the
number of panels to correspond to reasonably sized dwellings).
Note that, if the peak power output of the PV installation is
3 kWp, it will, here, produce ≈ 14.9 kWh over the 24 h
period, which is similar to the set daily energy consumption
of the profiles (13.7 kWh) (but PLoad(t) and PPV (t) are not
matched one-to-one).
PB(t) and PS(t) are the power bought from, and sold to the

grid, respectively. We impose the limits, set by the 16 A fuse
subscription, PB,max = PS,max(t) = 11 kW to the connection
to the grid.

The battery is charged and discharged, Pc(t) and Pd(t),
respectively, with the limits Pc,max = Pd,max = 5 kW.
Equations (5) and (8) utilize binary variables to ensure that
power (connected to the storage as well as the grid) doesn’t
simultaneously flow in both directions. We assume that the
charge and discharge efficiencies, nc and nd, are equal to
0.95 and that the battery has an energy capacity of 14 kWh
(similar characteristics as, e.g., a ”Tesla Powerwall 2”). To
minimize battery degradation and keep the open circuit voltage
of the battery independent of the state of charge (SoC) (i.e.,
dVoc/dSoC ≈ 0) we set the limits maxSoC = 0.9 and
minSoC = 0.2, which gives 9.8 kWh for the user. For the
battery, we also demand that Eb(0) = Eb(24 h) so the control
system is forced to charge and discharge the battery such that
it has the same energy content (i.e., the same charge and
discharge capabilities) each new 24 h period. Note that the
analysis was also done without the battery storage.

Each country, and often region, has its own rates or tariffs
for the cost of the electricity bought. Currently in Sweden,
for most households, the price, per kWh, of electricity is
independent of the power magnitudes (within the fuse sub-
scription). As stated we assume that the users act as micro-
producers, selling the surplus back to the grid. The objective
function to be minimized, (9), is the variable cost, which will
preferably be negative and represent a revenue. This variable
cost can be divided into three main parts, the cost of the
electricity bought, the revenue of the electricity sold, and
lastly the degradation cost of the battery. Here, α represents
the non-fixed costs associated with the purchase of electricity
and consists of a transfer fee (0.244 SEK/kWh), electricity
certificate cost (0.032 SEK/kWh), utility spot price surcharge
(0.06 SEK/kWh) and energy tax (0.392 SEK/kWh). pb(t) is
the spot price from Nord Pool (see Fig. 2) used here and
it is the mean of the values for March 2023 and the bidding
zone ”SE3” (which has the largest electricity consumption and
includes the Stockholm region). Finally, a 25 % VAT is added
to these costs. The second set of terms in (9) represent the
potential revenue from electricity sold. Here, β represents the
non-fixed revenues associated with the sale of electricity (as a
micro-producer) and consists of the grid utility compensation
(0.05 SEK/kWh) and a tax reduction (0.6 SEK/kWh). ps(t)
is the spot price from Nord Pool (see Fig. 2) and is the



Fig. 2. The mean values, µ, for the hourly spot prices during March 2023 from
Nord Pool, and the boundaries µ±σ (where σ is the standard deviation). Note
that the values shown here have been normalized to the daily peak average
value (that here occurs at 09:00).

same as pb(t). For micro-producers, no VAT is added to these
terms. Finally, the last set of terms in (9) represents the battery
degradation cost, and is adapted from [12], where ϵ is 0.0025
SEK/kW2.

To the result from (9) we add a daily fixed cost of ≈ 12
SEK/day that arises from the 16 A fuse subscription cost
(4000 SEK/year) and a yearly fee for the electricity trade
(450 SEK/year). To make a fair comparison, these daily total
costs are finally normalized with the costs if the users in the
different cases (see Table I) simply bought electricity, without
any photovoltaic cells or battery storage, from the grid.

To better take into account seasonally varying solar irradi-
ance, the optimization is done for different values of the peak
power output from the PV installation (i.e., 0.5, 1, 2, 3, 4, 8
or 10 kWp).

III. RESULTS

The normalized daily total costs for the cases can be seen
in Fig. 3 (without battery storage) and Fig. 4 (with battery
storage). We see that there is only a small difference between
the different user types but this difference increases as the
peak power output from the PV installation increases towards
10 kWp. It is seen that even the small peak power output of
0.5 kWp gives a 10 % (without battery storage) and 20 %
(with battery storage) reduction in the daily total cost. Within
the same group of peak power output, the battery storage only
gives a slight difference in equalizing the daily differences
between the users. Also, note that the break-even point in the
daily total cost seems, here, to be close to 5 kWp.

IV. CONCLUSIONS

Based on the findings of [5], the research question posed
here in this paper is ”will different households experience

Fig. 3. The normalized daily total costs for the ten different consumption
profiles and different peak power outputs from the PV installation without
battery storage. Note that the x-axis is not linear.

Fig. 4. The normalized daily total costs for the ten different consumption
profiles and different peak power outputs from the PV installation with battery
storage. Note that the x-axis is not linear.

such vastly different costs and revenues as to validate the
need for a deep understanding of the households or are
general assumptions sufficient?”. Although it is correct to
say that there are indeed differences between the different
users studied here and, thus, the daily total costs and potential
revenues created, these differences are negligible compared to
the dominant factor of utilizing a properly sized (compared
to the daily electricity consumption) PV installation. Thus, it
can not safely be argued that detailed knowledge and a deep
understanding of a particular user, or household, are needed
to draw conclusions about the user’s ability to utilize green
technologies. In addition, the results show that the outcome
of the automation done here (i.e., the optimization to buy and
sell electricity at a profit) can also not safely be argued to
be greatly affected by the (detailed) type of user (beyond the



dominant factor described above).
This is promising for the implementation of policies pro-

moting prosumers. The results suggest that even if the industry
and authorities have knowledge gaps in their views concerning
households these gaps might not be detrimental when promot-
ing the utilization of green technologies, combating energy
poverty, and mitigating climate change.

V. DISCUSSION

Very rarely is an investigation ”finished”. First, it has to
be mentioned that the values for the different parts of the
electricity cost will, naturally, affect the potential to create
revenues. We have, here, tried to represent fair values taken
from, e.g., utility companies and authorities. Although a sen-
sitivity analysis would be good, it is recognized that the space
here is limited and it is left for potential future work.

The small differences seen between the cases with, and
without, battery storage might be unexpected but are here
explained by the harsh constraint placed on the storage, (i.e.,
Eb(0) = Eb(24 h)) and if this is removed the revenue created
with the battery during the 24h period is increased. However, it
will deplete the battery and, thus, decrease the ability to create
revenues for the next 24h period. In addition, the constraint
Pc,max = Pd,max = 5 kW was also seen to limit the revenue.

Regarding battery storage, it is recognized that the degra-
dation of batteries is a very complex phenomenon requiring
a more detailed description, e.g., if the type of battery was
specified. Here, we try to take, on some level, the degradation
into account to more fairly represent the added cost in those
cases where the battery has to charge and discharge more.

An important point of the revenue created is the tax re-
duction of 0.6 SEK/kWh. However, there are constraints on
this. The tax reduction will, currently, cover at most 30 000
kWh/year and 40 000 SEK. In addition, it also only covers
as much electricity that is sold, in kWh, as the electricity
that is bought from the grid. Further, if the peak power
capability of the PV installation exceeds 500 kWp the user
has to pay an energy tax on the electricity sold. All of these
are important points that have to be taken into account when
calculating the optimal size of the PV installation, compared to
the consumption of the user, to maximize the yearly return on
investment. Thus, it is important to remember that Fig. 3 and
Fig. 4 only show the daily total cost, or revenue, assuming that
the user is a micro-producer where the amount of electricity
bought during the year is not smaller than the amount sold.

We have also not included the multitude of different types of
contracts, available to the users, where some electricity trading
companies give bonuses under certain conditions, which would
potentially increase the revenues.

Another point for future work is to adopt proper measure-
ment data for solar irradiance, thus, taking into account, e.g.,
clouds causing temporary decreases in the power produced.
Implementing meteorological data covering a longer period
of time would also, more accurately, represent the effects of
seasonal variations.

Finally, the potential benefits of shifting the base load of the
user, by changing the daily behavior or by investing in more
energy-efficient equipment are not investigated here. (Neither
are more complex descriptions of a multitude of different types
of users.) However, it is worth mentioning that over a longer
period of time, such actions would most probably benefit many
users.
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