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ABSTRACT
Electricity self-consumption consists in consumers installing their own small generators, solar pho-
tovoltaics mainly. They attempt to save money in the electric bill by producing part of their electrical
energy, consequently reducing dependency on the distribution grid. Consumers that simultaneously
become producers are usually known as prosumers. This work shows the techno-economical implica-
tions, in terms of electric energy, cost savings and grid voltage impact, if self-consumption is deployed
in a European low voltage feeder. In the case study, the IEEE European LV test feeder was used. Real
data for solar irradiance from 1985 to 2017 were considered for Gijón, a city in the North of Spain.
Conclusions may be extrapolated to different locations.

1. Introduction
Self-consumption (SC), or auto-consumption, is based

on consumers that produce electricity for their own use. These
prosumers are able to reduce their dependence on the dis-
tribution network and contribute to the integration of Dis-
tributed Renewable Energy Sources (DRES) as well.

The most suitable generators for SC are the solar photo-
voltaic (PV) ones. They are simple and maintenance costs
are low. They can include energy storage systems (ESS), or
batteries, to take advantage of all the generated energy, even
in periods during which consumption and generation do not
match.

Beyond the technical viability, from the prosumer view-
point, SC will be profitable if the cost of locally produced
energy is lower than the market electricity price. The pro-
sumer will also expect a reasonable payback period for the
initial investment. Seen from this perspective, SC of elec-
tricity is becoming more feasible nowadays for a variety of
reasons: Lowering prices of PV modules, fast advances on
ESS technologies or increasing supportive energy policies
[21] among others.

Some European countries apply supportive SC policies.
Switzerland has been promoting SC for the recent years [27];
Electricity providers buy the electricity produced in excess
at the same price than the delivered electricity. Moreover,
SC communities are allowed, which means energy not self-
consumed can be redirected to the neighborhood. In France,
the sale of surplus energy is also allowed and there is an in-
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creasing tend to include more SC in near future [7]. In Ger-
many, extra PV energy is also remunerated [10]. In Poland,
the prosumer amendment [18] introduced the guaranteed ta-
riff for people producing energy for their own use. In Spain,
recent regulations include extra PV power remuneration and
allows association and collaboration of prosumers to increase
their benefits [26]. These are only a few examples, but many
other European countries are committed to promote SC [22].
Under this techno-economical environment, SC is expected
to be massively integrated into european distribution net-
works.

Wide deployment of SC might change the demand pro-
file seen from the distribution network [23]. Moreover, a
group of prosumers in a community might behave as a large
user with a flexible and controllable load profile[15]. Thus,
increasing the overall benefit while reducing the interchange
with the distribution grid [24]. In this sense, retail customers
might participate actively to improve the distributed network
management [17].

On the other hand, there are still challenges with security
of supply [1] and voltage issues that may result [4] in power
systems with large ratios of intermittent stochastic genera-
tion (PV generation among other renewable sources).

This work aims at giving an integrated approach to tech-
nical and economical issues and constraints to be faced for
profitable and secure deployment of SC in distribution net-
works. The European context will be studied, but the con-
clusions could be generalized to other regions.

The following section presents the state of the art and a
detailed description of the paper contributions. The remain
sections will describe the prosumer perspective first, then
the distribution network viewpoint, and finally, the conclu-
sion. A comprehensive economic study is described in an
Appendix.

2. Literature review and contributions
Some related studies have been previously developed:

The authors in [19] proposed a decision-making model for
C González-Morán et al.: Preprint submitted to Elsevier Page 1 of 9

http://cristina.dieecs.com/
http://arboleya.dieecs.com/


Photovoltaic Self Consumption Analysis in a European Low Voltage Feeder

00:00 06:00 12:00 18:00 00:00
-3

-2

-1

0

1

2

3
PV (kW)
Load (kW)
Grid (kW)

Figure 1: Grid, Load and PV generator power without Energy
Storage.

an electricity retailer with intermittent renewable generation
with SC. The authors in [25] studied prosumer behaviors for
different electric tariffs in Norway. These two works show
an electricity market standpoint, but do not consider grid im-
pact from a technical point of view.

In [28] a technical analysis is performed for a particu-
lar case on a distribution network in Slovenia. The authors
assure that 30 % of SC penetration would be the best sce-
nario. With more units, voltage and transformer loading
issues would arise. However, the technical solutions would
include better sizing of battery capacities, improved energy
flowmanagement and local reactive power control. The study
lacks of economic perspective.

In [16], SC is evaluated in public buildings. According
to the authors, the PV energy production and consumption
match in time in public buildings. Thus, there is no need of
energy storage, so the initial investment is reduced. In [14],
the authors show a comparison for different prosumer pro-
files in the Netherlands. SC shows larger ratios for commer-
cial consumers than for residential ones. Again, generation
and consumption match better in commercial than in resi-
dential buildings. However, for a wide penetration of PV
generation, also habitation places should be considered in
the study.

The authors in [1] proposed a method to determine the
SC installations profitability. They described a sizing pro-
cedure for PV generators including ESS and demonstrated
that, with a proper dimension, the SC is viable. That study
is given for different locations in France. The authors in [29]
propose an optimal sizing procedure for PV, wind turbine
with a diesel generator and storage systems to supply an iso-
lated microgrid. Thus, the main grid interaction is not stu-
died.

After reviewing related works and European policies, we
can conclude that for secure deployment of SC in the distri-
butions networks, several viewpoints have to be faced: Indi-
vidual prosumer, community, Distribution Network Opera-
tors (DNOs), technical viability and economical profit. For
that purpose, various requests have to be fulfilled: The SC
facility has to be profitable for each prosumer individually,
even when management strategies or electric tariffs are con-
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Figure 2: Load and PV generator with storage when charge
from the grid is not allowed.

sidered in group (building or microgrid levels).
Prosumer profitability depends onmultiple variables: Ini-

tial investment, cost of energy, feed-in tariffs, energy savings
and energy policies, among others.

On the other hand, from DNOs perspective, SC might
be seen as an opportunity for voltage regulation and network
upgrading without re-powering.

To these aims, the following questions are to be answered:
I. Prosumer viewpoint
• What are the energy and money savings?
• What are the considerations to assure profitability?
• What is the maximum initial investment for a reason-

able payback period?
II. Network viewpoint
• Is the voltage profilemodified by prosumers compared

to conventional consumers?
• What are the considerations to prevent voltage con-

straint violations?
• Could SC coordination be employed for voltage regu-

lation or grid supporting?
This paper forms a basis for investors (prosumers), Dis-

tributed System Operators (DNOs) and policy makers to de-
rive a better understanding of SC and its impact on distribu-
tion networks. The main goal is that both perspectives, eco-
nomical and technical are faced and evaluated at once. The
research comprises PV generators and ESS sizing, annual
saving computations for a given place, energy management
strategies necessities and grid impact. The results obtained
may be extrapolated to different locations by taking the cor-
responding latitudes and weather conditions.

3. Prosumer Installation
This section describes the prosumer behavior. Fig. 1

shows the daily power profiles for a given prosumer with a
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PV generator without ESS. The load shape is the demand
profile 55 of the European LV test feeder [13]. Power from
the generator is plotted as negative. The demand is plotted
as positive. The grid and the battery can behave as a load or
as a generator, depending on the power flow direction. Thus,
positive values imply they are consuming power, while nega-
tive values mean they are feeding power. The PV generator
is sized to produce a daily energy similar to that demanded.
Most of the consumed energy has to be taken from the grid
while most of the PV energy is fed into the grid. This is quite
common in residential dwellings because the demand does
not match the PV generation.

To get full advantage of the PV source, this prosumer
may install an ESS. Then, the surplus energy can be stored
and consumed at peak hours. This new case is shown in Fig.
2. Battery response is plotted in terms of power and energy;
the dotted line represents the energy (kW ℎ) while solid lines
are used for power (kW ). The storage capacity was selected
to store all PV energy produced when needed. Then, the
energy injected to the grid might be near zero. Some itera-
tions were conducted to determine the minimum storage ca-
pacity that guarantees the state of charge at the beginning of
the day will be the same as at the end. This is possible be-
cause the generator is sized to produce almost the same daily
energy as that demanded.

Depending on the used technology, the battery can store
energy from the PV generator or can take energy from the
grid as well. The case presented in Fig. 2 shows a prosumer
that is not able to store energy from the grid. In that case,
there is still some power taken from the main grid at peak
hours. If the energy could be taken from the grid (not only
from the PV generator) to be stored at any time, the demand
could be shifted to off-peak hours, as it is shown in Fig. 3. In
this case, the prosumer might take advantage from a period-
discriminant tariff.

4. Case Studies
The European Low Voltage Test Feeder [13] presents a

variety of case studies. It includes a typical European ra-
dial configuration for distribution and introduces quasi-static
time series simulations. This features makes it suitable for
the inclusion of several prosumers and for a whole day ana-
lysis. According to the Test Feeder Working Group, the Eu-
ropean feeder was designed to fill a benchmark gap because,
up to the date of its publication, all the test cases were fo-
cused on North American style configurations. The neutral
conductor is supposed to be connected to ground at load side.
However, in the considered location, the neutral conductors
are connected to the ground only at some points, normally
transformer secondaries, resulting in isolated neutral con-
ductors at load side. Then, in this work, the original feeder
network configuration has been replace by an isolated neu-
tral configuration.

OpenDSS simulation tool was selected for being themost
appropriated software to support renewable energy sources,
energy storage systems and many types of analyses related
to smart grids and modern distribution systems. This open
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Figure 3: Load and PV generator with storage. Battery
charges from the grid.

source software supports quasi-static simulations and the pro-
posed feeder configuration. A detailed description of this
software can be found at [6].

To account for the PV generation capacity, we have con-
sideredmeasured data of irradiance over a horizontal surface
in W

m2 for Gijón, a city in north Spain. The values were mea-
sured each 15 minutes for the period 1985 to 2017. For the
study cases, the irradiance profile is computed every 15 mi-
nutes as the 33-year average value for each day of the year.

As explained before, battery sizing is based on daily pro-
duced and consumed energies. Thus, a particular day of the
year has to be chosen for sizing purposes. If the criteria of
minimum energy injected to the grid is adopted, the selected
day should be the one with maximum energy production. If
the battery is capable of storing the required energy that day,
then it will be capable of doing so any other day of the year.

It is common practice to install PV modules over tilted
surfaces, so the yearly produced energy is maximized. The
optimal angle is different for each location, because it varies
with latitude. In the city of Gijón, the latitude is 43.5º, thus
the optimal angle is approximately 35º[12].

For a commercial PV module, the peak power (in Wp)is defined as the power that the module is capable of pro-
ducing whit a solar irradiance of 1000Wm2 , perpendicular tothe module and with a cell temperature of 25ºC. These espe-
cial conditions can be replicated in a laboratory but are not
usually given in real cases. So, for a given PV installed peak
power, the estimated produced power P should be computed
through the global performance ratio (PR) [12]. This ratio
accounts for global efficiency loss due to

• Temperature,
• Wiring,
• Dispersion of parameters and dirt ,
• Maximum Power Point Tracking (MPPT) errors,
• Energy inefficiencies of inverter, battery, regulator, etc.

In this case study, a conservative value (according to [5])
of PR has been taken for all prosumers. Thus, to estimate
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actual power P given the irradiance, the PR and the peak
power, (1) has been employed [12],

P =
Gdm(�)PR Pp

1000
(1)

where PR = 0.7, P , in W , is the actual power for a given
irradianceGdm(�), in W

m2 , over a tilted surface of angle �, fora PV generator of nominal peak power Pp, inWp.
Gdm(�) is obtained from real measured data in the city

of Gijón over a horizontal surface Gdm(� = 0º). The angle
correction to get Gdm(� = 35º) has been taken from [20].

For a given peak power, we might estimate the actual
power per minute and the daily energy production per year.

For each consumer, the test system data [13] includes the
daily demand profile. Then, an appropriate SC facility has
been sized, including a PV generator and a battery.

The procedure to select the peak power and the battery
capacity for each consumer is described in next section.
4.1. Prosumer Installation sizing

The procedure to size the SC units is performed for each
prosumer, to maximize their benefit, considering that no re-
muneration is received for surplus energy. Thus, the maxi-
mum annual saving possible as a prosumer is the cost of their
annual consumption.

The sizing procedure includes the PV generator and the
battery at the same time, considering both prosumer and grid
benefit. Regarding the PV generators sizing: The peak power
is chosen to match the maximum daily energy production
while the battery is chosen to manage that amount of energy.
A larger PV generator sizing often may lead to an improved
economic efficiency. However, it must be considered that
typical residential and commercial buildings do not havemuch
roof space. With the proposed sizingmethod, the PV genera-
tors are suitable for conventional commercial and residential
buildings.

Once the PV generator sizing is fixed, the battery capa-
city has been chosen to manage the energy produced on the
day of maximum production. Thus, the battery allows full
energy management. Otherwise, the energy will be wasted
or injected to the grid in periods when it is not needed. More-
over, the days of lower production, the capacity of the battery
will be available to charge from the grid, when the energy
might be cheaper (at night). In this way, we aim to minimize
grid interaction and the prosumer will behave as a nearly
zero-energy facility [8].

The allocations for different prosumers have been chosen
randomly, because it is assumed any consumer could became
a prosumer, independently or their location.

It must be remarked that different procedures for PV and
battery sizing or for prosumer allocation might be conside-
red, and the proposed algorithmwill manage properly. Other
methods that might be applied to define PV sizing and sto-
rage allocation can be found in [11].

With the available irradiance data, the daily energy pro-
duction, for an installed power of 1500 Wp, is depicted in
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Figure 4: Daily Energy produced by a 1500Wp PV installation.

Fig. 4 for a whole year. The plot includes two different sur-
faces: Horizontal (0º) and optimal tilted (35º). In the first
case, the installation will give the maximum energy pro-
duced in a day (6.75 kW ℎ on July, 11), being the annual
energy 1442.3 kW ℎ. In contrast, the installation will pro-
duce the maximum energy over a whole year in the second
case; on the tilted plane, the annual energy production will
be 1677.4 kW ℎ. In that case, themaximumproduced energy
in a day is 6.6 kW ℎ onAugust, 13. This day has been chosen
to size the facilities. If the installation is capable of mana-
ging the maximum produced energy, on August, 13, it will
manage the energy any other day. This sizing procedure sa-
tisfies two criteria: It maximizes the prosumer benefit and
minimizes the distribution grid interaction.

The test feeder consists of 55 consumers given by their
daily power demand profile. For each consumer a SC insta-
llation was sized as follows:

1. The daily energy demand is computed for the given
consumer.

2. The PV generator peak power is chosen to produce
a similar energy on August 13. Steps of 250 Wp areconsidered, as this is a typical value of commercial PV
modules peak power.

3. The battery capacity will be chosen equivalent to the
daily consumed energy. The nominal power will be
equal to themaximumpower required by the consumer,
as observed in the demand profile. Other sizing algo-
rithms might be applied instead [3].

4. A power flow solution is computed in OpenDSS for
the new prosumer including the PV generation and the
battery.

5. If the battery state of charge (SoC) at the end of the
day is the same (or quite similar) as the SoC at the
beginning of the day, the installation will be conside-
red valid. Otherwise, we return to step 3, adjust the
battery capacity accordingly and repeat steps 4 and 5.

The obtained results for all the prosumers in the feeder
are described in the Appendix.
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Figure 5: Prosumer distribution for different degrees of SC.

4.2. Prosumer Coordination and Grid interaction
The LV European test feeder [13] is employed in all case

studies. Consumer locations can be seen in Fig. 5. Each pro-
sumer is labeled with the same number as in the feeder input
data. To define different degrees of SC penetration, con-
sumers were classified into 4 different groups named a, b, c
and d, as shown in the picture. The correspondence between
prosumer number and group is shown in the Appendix, Ta-
ble 2. Several case studies are proposed; 25%, 50%, 75% and
100% SC degrees of penetration. The different energy ma-
nagement strategies are: Prosumers with only PV generators
( profile in Fig. 1), PV with battery that only stores energy
from the PV generator (Fig.2) and PV with battery that can
be charged from the grid in off-peak periods (Fig. 3).

In the last case, a coordination strategy among prosumers
is implemented. The main objective is to prevent voltage
constraint violations at the point of common coupling (VPCC )for each prosumer. The coordination strategy was imple-
mented as follows:

• Each group of prosumers a, b, c and d is assigned a
time shift. In this case, a whole period of six hours
between 00.00 and 6.00 am is considered. Each group
is included in a particular shift.

• To prevent overloading, each group is allowed to charge
their batteries from the grid only during their shift. In
this case, shifts last for half an hour.

• If a prosumer needs to charge their battery and be-
longs to the current shift, it means charging is allowed.
Then, the algorithm presented in Fig. 6 is executed.
Otherwise, the prosumer should wait until their shift
is available.

The algorithm in Fig. 6 is implemented individually at
prosumer level. Each prosumer is responsible for voltage
deviations at their PCC. When the voltage magnitude is un-
der the target value, the battery changes to half the nomi-
nal power or even disconnects if needed. This coordination

Figure 6: Coordination algorithm. Flowchart.

strategy might be adapted to different voltage specifications
and to different shifts.

The inclusion of SC prosumers in the described coordi-
nation manner guarantees that the grid losses will be opti-
mal. As explained before, a prosumer behaves as a nearly
zero-energy facility, so the interchange of energy with the
network is extremely reduced. Thus, the flowing currents
through the distribution feeder are minimized as well as the
resulting losses.
4.3. Results

In Fig. 7, the interchanges of active power among pro-
sumers and the grid are displayed for different SC degrees.
The results are shown for the day of greatest energy produc-
tion, August 13. Battery charge from the grid is not allowed.
25 % of SC means only the consumers of group a ( Fig. 5)
are prosumers, 50 % means only group a and group b are
prosumers, 75 % comprises groups a, b and c, and finally,
100 % means all consumers are prosumers. Red line repre-
sents the total aggregated demand, as it is initially defined
in the test feeder. This demand will be covered partly by the
prosumer facilities (PV and ESS) and partly by the distribu-
tion grid. With the adopted criteria, this demand is always
positive. Other lines represent active power measured at the
substation (slack), for the different degrees of SC penetra-
tion. Positive values mean the power is fed into the slack
while negative values imply the slack is feeding power. As
the number of prosumers increases, the power covered by
the grid decreases, as it was expected.

In Fig. 8, the same cases are shown when battery charge
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Figure 7: Aggregated demand and substation power injections
for different degrees of PV penetration. No charge from the
grid.
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Figure 8: Aggregated demand and substation power injections
for different degrees of PV penetration. Batteries charge from
the grid.

from the grid is permitted. In this case, the charging pro-
cesses have been coordinated to get a relatively flat aggre-
gated demand, mainly to avoid voltage issues. As the de-
gree of SC penetration increases, the coordination can be
improved. Blue line shows the best scenario, in which the
aggregated demand has been shifted to the off-peak hours
and flattered during peak hours.

Comparing Fig. 7 and Fig. 8, it can be proved that a
proper energy management strategy is critical as the grade
of SC penetration increases. The reverse flows mentioned
in [19] are also seen in Fig. 7. These flows, that increase
with the number of prosumers, might give rise to voltage
and transformer loading issues. However, results in Fig. 8
demonstrate that a proper management strategy avoids this
issue and does not limit the SC penetration.

Fig. 9 shows voltage profiles for the different manage-
ment strategies. The voltage magnitudes are measured at
prosumer side, in the corresponding phase. Case study I is
the base case, without SC. In case II, charge from the grid
is not allowed, and cases III and IV include battery charge
from the grid; case III does not include coordination among
prosumers while in case IV the defined coordination strategy
was implemented (Fig. 8, blue line). In this case, the voltage
constraint (Vmin in Fig. 6) is 0.98 pu.It has been demonstrated that the and increasing pene-

Table 1
PV facilities. Energy and cost as a function of peak power.

PV PV e max. cost max. cost e

Wp
e

Wp

kWp
kW ℎ
year

savings 8-year1 10-year1 8-year1 10-year1

0.5 559 78 626 783 1.25 1.57
0.75 839 117 940 1175 1.25 1.57
1 1118 157 1252 1565 1.25 1.57

1.25 1398 196 1565 1957 1.25 1.57
1.5 1677 235 1878 2348 1.25 1.57
2 2236 313 2504 3130 1.25 1.57

2.25 2516 352 2817 3522 1.25 1.57
2.5 2795 391 3130 3913 1.25 1.57
2.75 3075 430 3443 4304 1.25 1.57
3 3354 470 3756 4696 1.25 1.57

3.25 3634 509 4070 5087 1.25 1.57
3.5 3913 548 4383 5478 1.25 1.57
4.25 4752 665 5322 6652 1.25 1.57

1 Payback period.

tration of SC presents improved voltage profiles, especially
when coordination strategies are implemented. Even case
III, with high penetration of uncoordinated SC, shows better
profiles than the base case, without SC.
4.4. Annual savings and budget

To account for annual money savings, the current price
of electricity is considered. Feed-in tariffs are available in
many countries, as stated in the introductory section. But,
although other supportive policies are expected to keep in
future, feed-in remunerations are supposed to dissipate even-
tually [2]. So, for the case studies, we will assume there are
no remunerations for surplus power injected to the grid. The
SC facilities should be profitable through the saved energy.

A prosumer facility is sized to cover as much demanded
energy as possible, while minimizing the energy injected to
the grid. Once the prosumer demand profile, the PV peak
power, and the energy storage capacity are known, we will
be able to calculate annual energy and money savings. A
worthwhile payback period would not be higher than 8 or
10 years. It is assumed that the maximum payback is simi-
lar to the expected life of batteries. Then, we would obtain
the maximun cost per facility. Table 1 summarizes the ob-
tained results for different peak-powers, considering 0.14 e
per kW ℎ. This is an average price for the second semester
of 2018 for this particular location [9]. The cost of installed
power and taxes are not included.

For a given installed peak power, the annual energy pro-
duction will give the maximum annual money saving possi-
ble, thus the maximum facility cost for 8- year and 10-year
payback periods. The cost per installed Wp is also shown,
being always the same, given the payback period. It has to
be considered that this cost includes the PV generator and
the battery.

Detailed results, particularized for each prosumer, are in-
cluded in the Appendix.
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Figure 9: Voltages in pu with 100% degree of SC penetration. I: Without prosumers; II:
Prosumers with only PV; III: Prosumers with PV+ non-coordinated ESS; IV: Prosumers
with PV+ coordinated ESS.

5. Conclusion
Without an appropriate coordination strategy among pro-

sumers, SC deployment might give rise to overloading or
voltage issues in the distribution feeders. However, as it
has been demonstrated in this work, adequate management
strategies will prevent these drawbacks and bring many be-
nefits to all the involved agents; At consumer level, eco-
nomical benefits related to energy and money savings and
at DNOs level, demand shifting to increase network reliabi-
lity and improved voltage control.

This paper has presented an integrated approach to ac-
count for the different interests of prosumers and DNOs. It
has been proved that for secure and reliable integration of SC
in the distribution networks, the technical design is as crucial
as the regulatory frame. Supportive policies such us feed-
in tariffs are expected to disappear eventually, because they
consider only the prosumer benefit individually, and they do
not take into account the whole distribution grid benefit. A
feed-in tariff might bring over sized facilities looking for
increased economical benefits. Thus, to guarantee a com-
mon benefit for all the agents, the prosumer facility should
be profitable through the saved energy only. This implies
the maximum annual benefit would be the annual demanded
energy.

As the presence of SC in distribution feeders increases,
SC prosumers and DNOs should participate more actively in
common energy management strategies at community and
distribution levels.

This paper has answered the questions presented in the
introduction section:

I. Prosumer viewpoint
• The maximum annual energy and savings for a given

prosumer will be the annual energy consumption as a
conventional consumer, before becoming a prosumer.

• The SC facility has to be sized for each prosumer ac-
cordingly to their demand profile.

• The maximum initial investment for a 10-year pay-
back period is 1.57 eWp

.
II. Network viewpoint
• Prosumers can modify the voltage profile in a more

controllable basis compared to conventional consumers.
• As the degree of SC penetration increases, an appro-

priate coordination among different prosumers is needed
to prevent voltage constraint violations.

• It has been proved that an appropriate SC coordination
might be also employed for voltage regulation and grid
supporting.

For each consumer, the maximum annual saving possi-
ble as a prosumer is the cost of their annual consumption.
On this basis, the obtained cost for a reasonable payback pe-
riod might not be available on the market nowadays, mainly
because of the cost of the battery. This fact would explain
why SC has not been widely deployed among residential and
commercial feeders in all European countries. However, the
price of commercial storage units will be reduced in the short
to medium term, due to the fast development of these tech-
nologies. Then, the SC facilities are expected to be better
received by consumers.

Further research will be conducted to study also massive
inclusion of electric vehicles (EV) in the distribution net-
works. EV charging profiles will widely affect the energy
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management strategies, since an EV will introduce an addi-
tional energy storage element in the prosumer facility.

A. Appendix
A SC facility including a PV generator and a battery

has been design for each consumer in the feeder, following
the procedure described in section 4.1. The obtained re-
sults are shown in Table 2. The data for each prosumer
are: Daily and annual demands in kW ℎ, PV generator peak
power, maximum daily energy production in kW ℎ, daily
energy storage capacity, in kW ℎ, annual energy production
in kW ℎ, annual savings in %, annual electricity cost for
the demanded energy, in e, savings per year in e. Finally,
two different costs are included for a 8-year payback period:
The maximum cost, considering annual savings for the PV
peak power, and the maximum cost taking into account that
the maximum annual saving cannot be ever higher than the
energy demanded. This last cost is the absolute maximum,
because the maximum energy that a prosumer can save is the
total consumed energy.

These costs should include thewhole facility, so for those
consumers that need higher battery capacities, it might be
more difficult to adjust to this budget. All these numbers
were done assuming a cost of energy 0.14 e per kW ℎ, but
different values depending on the tariff or country might be
considered instead. Taking into account that the cost of energy
tends to increase with time, the actual payback might be
lower, but the study presented in here aims at being conser-
vative.

The feeder includes demand profiles both for commer-
cial and residential consumers. According to the authors in
[14], SC shows larger rates for commercial than residential
consumers. In this case, similar SC rates are obtained if the
battery sizing is adequate. For instance, if we compare nodes
3 and 5, the energy storage capacity of 3 is almost twice than
of 5 to get similar SC rates, for similar values of daily energy,
and the same PV installed power. This is due to the different
demand profiles: For a residential feeder the storage capacity
might be higher, in general, than for commercial prosumers.
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Table 2
Prosumers characteristics

group prosumer
demand demand PV PV (kW ℎ) ES PV annual electricity cost savings maximun maximun

kW ℎ
day

kW ℎ
year

kW p August, 13 kW ℎ
day

kW ℎ
year

saving per year before per year cost (8 years)1 cost (8 years)2

a

3 6.8 2489 1.5 6.6 8 1677 67% 348.53 234.78 1878.24 2788.22
5 6.9 2536 1.5 6.6 4.5 1677 66% 355.06 234.78 1878.24 2840.51
9 19.4 7068 4.25 18.7 11.5 4753 67% 989.52 665.42 5323.36 7916.13
12 5.6 2053 1.25 5.5 6 1398 68% 287.45 195.72 1565.76 2299.58
18 10.1 3679 2.25 9.9 6 2516 68% 515.00 352.24 2817.92 4119.97
21 5.3 1928 1.25 5.5 4.5 1398 72% 269.96 195.72 1565.76 2159.69
23 11.3 4136 2.5 11.0 8 2798 68% 579.10 391.72 3133.76 4632.81
27 6.9 2516 1.5 6.6 6 1677 67% 352.21 234.78 1878.24 2817.69
29 12.6 4587 2.75 12.1 5.8 3075 67% 642.15 430.50 3444.00 5137.19
33 13.7 4992 3.25 14.3 8 3634 73% 698.87 508.76 4070.08 5590.95
36 6.5 2354 1.5 6.6 5.5 1677 71% 329.63 234.78 1878.24 2637.01
45 18.9 6892 4.25 18.7 10.5 4753 69% 964.82 665.42 5323.36 7718.59
50 7.0 2573 1.5 6.6 6.5 1677 65% 360.16 234.78 1878.24 2881.30
53 12.0 4374 2.75 12.1 8 3075 70% 612.29 430.50 3444.00 4898.32

b

1 10.2 3732 2.25 9.9 6 2516 67% 522.43 352.24 2817.92 4179.45
7 10.2 3715 2.25 9.9 8.5 2516 68% 520.14 352.24 2817.92 4161.13
8 15.7 5715 3.5 15.4 7.5 3914 68% 800.09 547.96 4383.68 6400.70
16 10.6 3872 2.25 9.9 5.5 2516 65% 542.14 352.24 2817.92 4337.12
20 13.0 4748 2.75 12.1 10.5 3075 65% 664.78 430.50 3444.00 5318.20
26 5.6 2062 1.25 5.5 5.5 1398 68% 288.62 195.72 1565.76 2308.98
31 6.9 2530 1.5 6.6 4 1677 66% 354.21 234.78 1878.24 2833.72
32 15.0 5486 3 13.2 7 3355 61% 768.00 469.70 3757.60 6144.02
38 11.9 4335 2.5 11.0 7.5 2798 65% 606.93 391.72 3133.76 4855.44
39 5.0 1818 1.25 5.5 5.5 1398 77% 254.53 195.72 1565.76 2036.23
41 6.7 2443 1.5 6.6 3.5 1677 69% 341.96 234.78 1878.24 2735.69
46 9.6 3508 2 8.8 6.5 2237 64% 491.11 313.18 2505.44 3928.85
47 4.1 1498 0.75 3.3 2.5 839 56% 209.66 117.46 939.68 1677.27
51 8.3 3033 1.75 7.7 6.5 1957 65% 424.58 273.98 2191.84 3396.64

c

2 12.1 4418 2.75 12.7 12 3075 70% 618.48 430.50 3444.00 4947.83
4 9.8 3584 2 8.8 5 2237 62% 501.82 313.18 2505.44 4014.58
10 11.3 4135 2.5 11.0 5 2798 68% 578.86 391.72 3133.76 4630.85
11 5.7 2098 1.25 5.5 5 1398 67% 293.76 195.72 1565.76 2350.07
14 5.4 1968 1.25 5.5 3 1398 71% 275.53 195.72 1565.76 2204.25
17 5.3 1948 1.25 5.5 4 1398 72% 272.70 195.72 1565.76 2181.60
19 11.0 4023 2.5 11.0 5.5 2798 70% 563.17 391.72 3133.76 4505.38
24 14.7 5351 3.5 15.4 11 3914 73% 749.12 547.96 4383.68 5992.93
25 6.7 2445 1.5 6.6 3 1677 69% 342.29 234.78 1878.24 2738.35
30 6.8 2488 1.5 6.6 6 1677 67% 348.37 234.78 1878.24 2786.99
34 6.0 2199 1.25 5.5 5.5 1398 64% 307.92 195.72 1565.76 2463.35
35 15.8 5760 3 13.2 10.5 3355 58% 806.36 469.70 3757.60 6450.86
42 6.8 2496 1.5 6.6 6 1677 67% 349.42 234.78 1878.24 2795.33
43 4.3 1558 1 4.4 2 1118 72% 218.12 156.52 1252.16 1744.96

d

6 5.4 1967 1.25 5.5 3 1398 71% 275.33 195.72 1565.76 2202.61
13 10.2 3741 2.25 9.9 6 2516 67% 523.75 352.24 2817.92 4190.04
15 6.1 2238 1.5 6.6 3.5 1677 75% 313.32 234.78 1878.24 2506.56
22 4.9 1788 1 4.4 4.5 1118 63% 250.38 156.52 1252.16 2003.08
28 1.8 666 0.5 2.2 1.5 559 84% 93.17 78.26 626.08 745.37
37 7.6 2780 1.5 6.6 3.5 1677 60% 389.25 234.78 1878.24 3113.99
40 4.0 1455 0.75 3.3 3 839 58% 203.75 117.46 939.68 1630.01
44 5.2 1895 1.25 5.5 3 1398 74% 265.30 195.72 1565.76 2122.41
48 10.7 3907 2.25 9.9 5.5 2516 64% 547.04 352.24 2817.92 4376.29
49 8.0 2930 2 8.8 8.5 2237 76% 410.22 313.18 2505.44 3281.72
52 5.8 2135 1.25 5.5 3 1398 65% 298.92 195.72 1565.76 2391.40
54 9.4 3434 2.25 9.9 7 2516 73% 480.81 352.24 2817.92 3846.48
55 7.2 2632 1.5 6.6 5.6 1677 64% 368.43 234.78 1878.24 2947.45

TOTAL 484.1 176711 106.5 469.2 326.4 119102 67% 24739.52 16674.28 133394.24 197916.15

1 Maximum initial cost with maximum expected annual savings for the given PV peak power and 8-year payback period.
2 Maximum initial cost with annual demand (maximum saving possible) for 8-year payback period.
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