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Abstract—As people aspire to reduce energy expenditures,
local photovoltaic installations that are co-owned by multiple
single-family homes are gaining interest. Energy communities are
formed, where the members together agree on the methods of
energy allocation. As the households are likely to rely on using the
local distribution system operator grid, a network service charge
is imposed on the intracommunal energy transmission from the
solar installation to the houses, affecting its economic viability.
This paper presents how energy balance settlement can be carried
out using a blockchain-based ledger that would allow differen-
tiation of intracommunal and extracommunal network services
in the form of possible pricing reduction for the intracommunal
network service. Even a 50% reduction, on average, increases the
savings for the six-household community under study by approx.
16.42%. However, even without any pricing reductions, shared
photovoltaic installations can be viable and the energy allocation
can be carried out without major investments in infrastructure.

Index Terms—Solar energy, Energy community, Smart grids

I. INTRODUCTION

Local small-scale energy production with photovoltaic (PV)
installations is gaining popularity worldwide. The cost of
initial investment is decreasing, making the decision to become
a “prosumer”, i.e., a producer—consumer, of electrical energy
more appealing. In addition to individual single-family homes
investing in PV installations, co-owned PV systems are gaining
interest [1], [2]. These systems can range from rooftop PV
systems in multifamily residential buildings to shared PV
installations in suburban or rural areas.

Shared PV resources either have to have their own distri-
bution grid or rely on an existing distribution system operator
(DSO) grid to transfer the produced energy to the households.
Building a separate distribution grid only for sharing the
locally produced energy is not efficient since the households,
even if a PV installation is present, require a grid connection
because the energy consumption of the buildings can exceed
the PV system capacity. Therefore, it is reasonable to use
the existing DSO grid for energy transmission between the
prosumers and the PV installation. The downside of the use of
the DSO grid is that a network service charge is imposed even
when transmitting energy from the co-owned PV installation to
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the installation owners’ residences. From the DSO’s side, this
transmission is usually considered equal to the transmission
of electricity from the energy supplier (e.g., a large power
plant) to the users. If the network service charge is applied
to local-scale transmission from the PV installation to the
users, its pricing may end up reducing the benefits of local
PV installations if the cost of energy that could just be bought
from the energy supplier through the DSO grid is low enough.

Methods to make the use of the existing grid more afford-
able are studied widely. Arrangements called energy communi-
ties are often proposed as a viable solution for the utilization of
the existing network infrastructure and as a platform for setting
rules for co-owned energy production sharing. Energy commu-
nities are legal entities defined in the European Union (EU)
legislation [3], and they are designed for enabling the rollout
of local energy production and energy sharing. However,
despite being prospective, energy communities are not without
problems. Questions are often raised, e.g., on cost allocation
[4], and designing a tariff mechanism is problematic when
also considering consumer acceptance, universal benefit, and
efficiency [5]. There are numerous methods to carry out the
energy sharing within an energy community. Possible methods
include energy aggregators and distributed ledger technologies.
For instance, the energy balance settlement and PV energy
sharing within an energy community can be implemented with
a blockchain-based ledger with smart contracts [6]. This allows
the participating residences to retain their status as individual
households in the open retail electricity market while being
entitled to low-cost local PV energy.

This paper studies how the co-owned PV energy sharing
differs when comparing an energy community where the
participating residences are apartments in a multifamily res-
idential building with one where the participating residences
are single-family homes. The effect of intracommunal network
service pricing on the economic viability of a shared PV
installation in an energy community consisting of single-
family homes is also studied. In the context of this paper, the
intracommunal network service means the transfer of energy
between the PV installation and the consumption sites.

The problems are approached with a presentation of a
use case scenario of how the blockchain-based energy bal-
ance settlement ledger and the energy allocation principles
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Fig. 1. Energy sharing architecture in an energy community formed of single-
family homes. The wiring between the houses and the PV installation is part
of the DSO network.

described in [6] can be employed in a single-family home
energy community located in a suburban or rural environment
with a shared PV installation separate from the buildings.
The economical benefits of such a system are studied with
a simulation using real data on energy consumption, PV
installation production, and energy cost.

II. TECHNICAL FRAMEWORK

Energy communities have been studied as a method of
sharing locally produced energy. Earlier pilots and research
projects have typically focused on areas that are outside the
EU and without an open retail electricity market, e.g., the
Brooklyn Microgrid [7] and the peer-to-peer trading/microgrid
projects in western Australia [8] and Switzerland [9]. However,
the EU legislation requires that the members of an energy
community do not lose their rights as household customers,
and one such right is the freedom to choose their energy
supplier. Therefore, energy communities without the ability
to participate in the open market may be unfeasible or at least
unappealing. In a case where an energy community does not
allow participation in an open retail electricity market, the
energy community can feature an energy aggregator, which is
responsible for the allocation, distribution, and purchasing of
energy in an energy community [10]. This aggregator acts as
the intermediate between the energy community and the open
retail electricity market [11], and the members of the energy
community are in a customer relationship with the aggregator
and not with the energy suppliers themselves.

When the members of an energy community remain as
participants in the open retail electricity market, it means that
any deficit energy they need is purchased by the members
themselves with their own contracts between them and the
energy supplier instead of a centralized aggregator [6]. This
allows the members to select the source of their energy needs
that are not fulfilled by the local PV installation, and also
keeps the energy community in line with the Finnish and EU
legislation on electricity markets [12]. In this case, the energy
aggregator can be redundant, and it can be replaced with,
e.g., a blockchain-based energy balance settlement ledger,
which allows secure energy consumption data storage, data
processing, and energy allocation by using automatic smart
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Fig. 2. Energy sharing architecture in an energy community formed of
apartments in a multifamily residential building. The wiring inside the building
is not part of the DSO network.

contracts [6]. Sometimes, the need for an aggregator is justified
because of the need for a central entity that all the members
can trust. A blockchain allows distributed data storage that
is tamper-proof [13], and therefore, it can be considered an
effective way to replace the aggregator.

The EU mandates its Member States to implement the roll-
out of smart meters in Directive 2019/944 [3], which is a way
to both enable dynamic energy pricing and promote solutions
like formation of energy communities. On the other hand, the
EU legislation stating that energy community members must
not lose their rights as household customers can be seen as
a factor discouraging the formation of an energy community
when comparing with a location where there is no open retail
electricity market. In these areas, the arrangements can be
more straightforward, but, on the other hand, they lack the
consumer-side flexibility to choose their supplier of electrical
energy.

A. Single-Family Home Energy Community

The electrical energy distribution architecture in a single-
family home energy community (Fig. 1) differs from an energy
community within a single multifamily residential building
(Fig. 2). These two have some similarities: all of the consump-
tion locations are connected to a low-voltage distribution grid,
and they can be considered to have a single entry point, which
may or may not be (virtually) metered. However, there are
differences in the ownership of the transmission infrastructure.
In a single-family home energy community, the power lines
connecting the buildings together are owned by the DSO and
located on different properties. In a multifamily residential
building, the transmission lines inside the building are not
necessarily owned by the DSO, but any transmitted energy
is considered to use the DSO grid, because the meters are,
at least in a Finnish setting, owned by the DSO. In addi-
tion, possible electric vehicle charging is carried out behind
household-specific metering instead of communal metering in
a multifamily residential building.



Regardless of who owns the distribution architecture within
the energy community, a set of rules between the community
members and the infrastructure owner (i.e., the DSO) has to
be established. In addition to an agreement made with the
infrastructure owner, an agreement between the participants
of the community is necessary to ensure fair sharing of the
energy. Fairness as a concept is difficult to determine, but with
a prior contract, all participants will have agreed on the sharing
terms and rules, which reduces confusion about the sharing
practices. If a participant or participants are unsatisfied, they
have the opportunity to opt out from the energy community
altogether. The voluntary participation in energy communities
is also stated in the EU legislation, meaning that people cannot
be forced to participate in an energy community.

B. Sharing of PV Energy

Sharing of the co-owned energy can be carried out in
various ways. Obviously, the sharing logic should be based
on agreed-upon rules, but whether the rules are fair or not
can be a difficult question to answer. The energy allocation
can be performed, e.g., by the energy aggregator [11] or
automatically like in [6], where the rules are by design easy
to understand to promote simplicity of the sharing logic, as
many people may find concepts related to electricity and
energy difficult to comprehend [14], [15]. Dynamic energy
tariffs can also be perceived as complex [16]. Local renewable
energy sharing is often proposed to be implemented with
active prosumer participation methods like energy auctioning
[17]-[20]. Whether the sharing arrangement in [6] where each
residence is granted an equal ratio of its energy consumption
as affordable PV energy is fair or not is a difficult question
to answer, but favoring easy-to-understand systems compared
with more complex setups, despite them showing a promise
to be effective, can be argued to be beneficial to promote the
rollout of renewable energy systems.

In a multifamily residential building (Fig. 2), the energy
consumption consists of the consumption of the apartments
and the common property. In a single-family home energy
community (Fig. 1), the electric power consumption of the
community consists only of the energy consumption of the
individual households. In multifamily residential buildings
there are also some common facilities that need energy to
maintain conditions suitable for housing. These common facil-
ities include, e.g., ventilation and hallway lighting. If common
facilities exist, it is justified to supply power to them first,
because being common means that the energy cost of these
facilities ends up being covered by the residents who use
them. However, because in a energy community consisting of
individual single-family homes there are no common facilities
to be powered, the produced PV energy can be directly
supplied to the participating households.

In this study, the energy allocation is based on the logic that
every household is allocated an equal ratio of its energy con-
sumption as local PV energy. The allocation can be calculated
by Egs. (1) and (2) afterward from history data, or in near real
time after each balancing period in the electricity market has
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Fig. 3. Intracommunal (green) and extracommunal (red) network services can
be considered different: the intracommunal transmission occurs between the
houses and the PV installation and the extracommunal between the energy
supplier(s) and the houses.

passed. The balancing period in this study is one hour. The
ratio of the PV energy to the total energy needs Rpv, is

= Epv (1)
Z Ey,

where Epy is the amount of PV energy produced in the
co-owned PV installation, and ) Ey, is the combined energy
consumption of all the participating households of the energy
community. The values used in Eq. (1) are values over a fixed
balancing period in the electricity market.

The amount of PV energy allocated to each household
Epy u, can then be calculated by

Rpv

Epy n, = En, Rpv, 2

where Ey, is the total energy consumption of the household.
Thus, each household will need to purchase Epy gy, less
power from the grid, which promotes economic benefit and
enhances the energy self-sufficiency of the household. In
situations where the PV production exceeds the combined
energy consumption of the energy community (Rpy, > 1),
the remaining energy is sold back to the grid.

The study in [6] was based on the premise that the intracom-
munal network service could be waived altogether with a deal
made between the energy community and the DSO, because
all the intracommunal energy transmission takes place within
a single building and does not enter the DSO network, even
if the meters inside the building were owned by the DSO. In
a suburban and especially in a rural setting, this kind of a
deal may not be viable because of the distance between the
consumption sites, and therefore, the local DSO will likely
place a network service charge for the intracommunal energy
transmission because the transmitted energy is likely to use
the DSO network. Longer distances mean that the distribution
grid is more expensive to keep in shape, as the wiring within a
multifamily residential building is relatively low-maintenance
and affordable when compared with, e.g., underground cabling
or overhead power lines. The DSO pricing of the network
services should reflect the real costs that the transmission
imposes on the network. In a multifamily residential building,
the cost is minimal, if existing at all, since the intracommunal
wiring, i.e., the electrical wiring inside the building, is often
not owned by the DSO. In a suburban or rural environment,
the network is owned by the DSO, but the transmission
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Fig. 4. Annual monetary savings in € for the whole community with PV
installation capacities of 5, 10, and 15 kW when the intracommunal network
service pricing is 0%, 50%, and 100% of the standard DSO network service
pricing. The savings consist of the monetary benefit from the discounted
service charges (yellow) and the benefit from sold energy (blue). The monetary
benefits from sold energy are minor. For easier examination and comparison
of the values, the values have been rounded up or down to the nearest whole
euro.

distances and costs may not necessarily be comparable with
the transmission from the energy supplier to the community.
The energy-supplying energy company can be located much
farther away. Still, it can be argued that the intracommunal
and extracommunal network services should be differentiated
(Fig. 3).

III. SIMULATION

The energy sharing method was tested with a simulated
energy community consisting of six single-family homes. The
simulation was performed using real-world energy consump-
tion data from households located in Lappeenranta, Finland
along with PV installation production data from the rooftop
PV installation at the authors’ university. The university PV
production was scaled down to match installation capacities
of 5, 10, and 15 kW. The appropriate electric energy costs
were fetched from the NordPool spot price database from the
days of the data. However, because the energy consumption
and cost data were from 2014, which during the writing
of this paper was nine years ago, the energy cost does not
reflect the situation in 2023. Therefore, the hourly spot prices
were scaled up with a factor of 4.28 to make the average
energy cost (0.036 €/kWh) of the data set match the average
energy cost of the year 2022 (0.154 €/kWh). The cost of
electricity transfer was 0.0465 €/kWh as per the pricing of
the local distribution system operator in the Lappeenranta
region. The households’ energy consumption varied between
12099.7 kWh/a and 20 148.59 kWh/a, the average and median
consumptions being 14316.75 kWh/a and 13499.41 kWh/a,
respectively. The households selected for the study are regular
homes that do not have a district heating connection, thus
better representing a suburban or a rural setting than a home

TABLE I
COMBINED TOTAL ANNUAL ENERGY COSTS WITH DIFFERENT
INTRACOMMUNAL NETWORK SERVICE PRICINGS AND PV CAPACITIES
(ROUNDED TO THE NEAREST WHOLE EURO)

PV capacity  Intracommunal network service pricing

0% 50% 100%
No PV €17518 (All scenarios)
5 kW €16839 <€16927 <€17014
10 kW €16292 €16444 €16596
15 kW €15862 €16057 <€16251

where the main form of heating is district heating. Based
on the energy consumption figures, the households can be
assumed to be heated primarily with electric heating. However,
to the authors’ knowledge, the selected homes were not
participating in an energy community and did not have any
local PV production. Thus, the data set represents average
single-family homes with no special incentives to change their
energy consumption habits.

The simulation was based on one full year of the afore-
mentioned data. In order to find out how the intracommu-
nal network service charges affect the economic viability of
the PV installation, the system performance was tested with
three different scenarios of intracommunal energy transfer
cost contracts between the energy community and the DSO:
100% full price, 50% price, and free transmission. The sum
of total energy expenses of all households was collected in
each scenario. The simulation was performed three times with
different shared PV installation capacities of 5, 10, and 15 kW.
During times when the PV installation production exceeds
the energy consumption of the energy community, all the
households are powered without cost. The remaining energy
is sold to the grid.

IV. RESULTS & DISCUSSION

In the simulation, the total annual expenditure on energy for
the six single-family homes in the baseline scenario without
any PV implementation is €17517.69 (Table I). This sum
contains also the DSO network service charges for the energy
transmission between the energy supplier and the houses.
When a PV installation is added, the annual costs are reduced.
The annual reduction in cost for the whole community is
between €503.22 and €1655.71, depending on the PV in-
stallation capacity and the intracommununal network service
pricing (Fig. 4). The savings are calculated by subtracting the
annual cost of energy in each scenario from the annual energy
cost when there is no PV installation present (the baseline
scenario). The revenue gained for the energy community by
selling the excess energy to the grid in situations when the PV
production exceeds the total energy consumption of the com-
munity is added to each of the calculated figures. The annual
revenue from selling energy to the grid depends only on the
installed PV capacity, and the network service pricing for this
to-grid transmission is approximated by making a reduction to
the revenue by making it yield one-third of the current energy



retail price. For 5, 10, and 15 kW installations, the annual
revenues are €5.73, €53.55, and €138.66, respectively. When
there is no PV installed, there is no intracommunal network
service and all the energy transmission is considered extra-
communal (energy transmission from the energy supplier to
the homes).

The results show that the community can receive monetary
benefit even with a relatively small 5 kW PV installation. In-
creasing the installation capacity and decreasing the intracom-
mununal network service pricing both increase the monetary
savings. The effects are seen when the different installation
capacities (5, 10, and 15 kW) are assessed individually as
intracommunal network pricing reductions are introduced, and
the monetary savings are compared with a situation where
the full DSO pricing is charged for intracommunal network
services. With a 5 kW installation, halving the intracommunal
network service pricing from 100% to 50% will increase
the monetary savings by 17.45%. With 10 kW and 15 kW
installations, the values are 16.45% and 15.37%, respectively.
When examining the increase in savings when the network
service charges are removed altogether, the saving rates are
34.91%, 36.16%, and 30.74% when compared with full price.
The saving percentage is thus not significantly dependent on
the installation capacity, but rather on the network service pric-
ing. This is because a PV installation will generate economic
benefit even if the full DSO pricing is used for intracommunal
network services.

To achieve the full economic benefits described in this
paper, the DSO would have to waive the intracommunal
network service charges altogether when transmitting energy
from the PV installation to the households. The residents
would only pay for the energy transmission from the energy
supplier to the apartments when there is a deficit in PV
production. This can be considered an unlikely situation,
because the DSO will not likely offer its services for free.
However, if a contract between the energy community and the
DSO could be made, it would allow more affordable pricing
for short-distance transfer between the PV installation and
the residences. For instance, with a contract allowing a 50%
reduction in intracommunal network service pricing, a shared
10 kW PV installation would yield annual savings of roughly
€1074 for the community. Still, even without any reductions
in pricing, a similarly sized system allows annual savings of
over nine hundred euros and shows that PV systems can be
viable. That being said, the intracommunal network service
pricing could be a point to consider when dimensioning shared
PV installations. The assessment of the effect of the initial
investment and maintenance costs of a PV installation was
left outside the scope of this paper.

Although the simulation scenario presented in this paper
focuses on the energy infrastructure in Finland, similar kinds
of cost structures are applied also in other parts of the
world. Dynamic pricing of electrical energy is becoming more
common, and the conditions present in the simulation are also
present at least in the Nordic countries or Northern Europe.

V. CONCLUSION

Investing in a shared PV installation can reduce the financial
burden of the initial investment when multiple families take
part in financing the initial cost. There are numerous methods
for sharing the profits (the produced PV energy), e.g., for-
mation of an energy community, where instead of an energy
aggregator, the energy balance settlement is handled with a
blockchain-based ledger and smart contracts. The energy can
be automatically shared between the shareholders of the PV
installation based on rules that are agreed upon together by
the energy community. This kind of an arrangement mitigates
the need for active participation like bidding and auctioning
of the produced PV energy, and allows effortless access to
local energy while the households maintain their customer
relationship to energy suppliers in the open retail electricity
market.

Sharing a PV installation between single-family homes in
a suburban or rural environment requires the use of the DSO
network for intracommunal energy transmission from the PV
installation to the houses where the energy is consumed. If
the DSO imposes full network service charges on this, which
it is entitled to, the economic benefits from the system can
be almost approx. 35% lower than in a situation where the
intracommunal network service charges are waived. Still, even
with full network service pricing, the simulations show that
implementing a shared PV system can bring reductions in the
electric bill of each house. This is promising when considering
the potentially rising energy costs and reducing PV installation
costs. DSO tariffs have to be nondiscriminatory for both
the members and nonmembers of the energy community.
Hence, further research is required to determine the cost-
reflective pricing of intracommunal energy transfers within a
rural energy community.
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