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Abstract — This paper presents a study of the reverse The system of compensation through PV in the network
power flow and the application of battery banks in the allows the surplus energy generated by the consumer unit
network. Five cases were carried out in which the voltage with micro or minigeneration to be injected into the
increase was verified in loads that had no PV connected distribution network, which will function as a battery, storing
through the system power flow using OpenDSS software . the surplus. When the energy injected into the network is
For this, scenarios with different percentages of greater than that consumed, the consumer will receive an
distribution generation (DG) were simulated. The use of energy credit (kWh) to be used to lower consumption at
DG improves the voltage stability in the system when it is another tariff post (for hourly consumers) or in the invoice
decentralized in the network, as observed in case 3. In for subsequent months. The energy credits generated remain
addition, a set of batteries was inserted to present the valid for 60 months [3].
increase of the average voltage, and the possible problem In Brazil, the body responsible for the production,
that may occur from voltage sinking. This is proven by transmission and commercialization of electricity is ANEEL
increasing the batteries in the system, increasing the time — National Electric Energy Agency. It also acts as an electric
lag of the voltage drop. power inspector, so that there are no problems in the
To mitigate the sinking problem, energy storage should be electricity grid.
allocated to locations where the voltage drop is greatest, as According to ANEEL, in the billing of a consumer unit
evidenced by the increased voltage level with the use of integral to the electricity compensation system, the following
only one battery in the system. procedures should be observed: at least the amount related to
the cost of availability for the consumer should be charged.
Keywords: Battery, OpenDSS, Photovoltaic Panel, The consumption to be invoiced, referring to active

Voltage. electricity, is the difference between the energy consumed
and the injected, by time, where applicable, and the
1. Introduction distributor should use the surplus that has not been

compensated in the current billing cycle to consumption

easured in subsequent months. If the active energy injected
t a given time station is higher than the active energy
onsumed, the difference should preferably be used for

: E'ompensation at other time posts within the same billing
research and development of alternative energy sources | le and should also be used the relationship between

pollutants, renewables and th_at produce little en\{ir_onment%nergy tariff values, if there is. The amounts of active energy
Impact. A_mong the alter.nat|ve sources, .electrlcny fron]njected that have not been compensated in the consumer unit
photovoltaic panels (PV) is currently consmjeredlto. be thﬁself may be used to compensate for the consumption of
most useful source.of ”a.t“r?' energy, since it is fre ther units previously registered for this purpose and served
abu_ndant, non-polluting, distributed along the Earth anfy the same distributor, the holder of which is the same as
participates as a factor of all other processes of obtamn‘t e unit with electricity compensation system, or whose

energy on Earth [1,2]. consumer units are brought together by communion of
interests in fact or law. Active energy credits generated

The growing energy demand coupled with the possibility o
reducing conventional fuel supply, along with growingC
concern about environmental preservation, has drive
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through the electricity compensation system will expire
(thirty-six) months after the billing datpt]

Photovoltaic systems connected to low voltage in
network can suffer from very high vcltage drops when t
solar radiation coincides with high lbad demand times
overloaded conductors and transforniéis

Different solutions to mitigate unwanted volt: levels, or
sudden fluctuations of the tension, ir low voltage reside
networks with photovoltaic systems have recently &
proposed and tested, including the Lse of new devices
switches, load drifting, battery bank) and topolog
arrangemerst (such as ring operation). In some count
such as Germany, simpler measures have been propo
impose limits on generation in order (0 avoid the probler
previously mentioned voltage level6]. All these
methodologies are widely used and viatin this study, we
chose to use batteries for correction.

In this sense, this article aims to study the influence ol
flow of surplus power in a given sysem for different ca
with the aid of OpenDSS software. In addition, the sys
behavior will alsobe analyzed when a battery bank
inserted into a given consumer, identifying its influence
the circuit.

2. Methodology

A. Software OpenDSS

OpenDSS is an open source program that operates i
field of frequency and presents special resourcecreate
models of electricity distribution systems and perfc
analyses related to distribution planning and energy qu
It also has the ability to perform power flow simulations
both a specific time and a time interval. In addition, it is ¢
to model nphase lines of arbitrary configuratic.

This tool was the main tool for analsis of simulations
both the base system and for conditions with distribi
generation. This consists of netwartnnected panels fi
each of the cases. In a brief w#lye main components of tl
circuit were scaled: the power grd, transmission li
consumers and transformers. Subsequently, the battery
was scaled and attached to the customer.

B. Electrical System

The system present in Fig. 1 indicates the barcuit to be
simulated in OpenDSS. This represents actual data obt
from [7] and constitute a 30-bgystem. In it, the electricit
grid is constituted, a transformer with the ratio of 138/1
kV at the exit of the substation, and another transforme
13.8/0.22 kV in consumers, and a set of photovoltaic pl
that is not present in the figure, asstts inside the residen.
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Fig. 1 —Base electrical syste.

For the sizing of photovaltaic panels, the demand valu
each load was obtained through the active and res
powers of [7].
To scale the panels usiny OpenDSS in T-Series mode,
that is,for a certain time interval (for this article a-hour
period), it was obtained

Pyc(ty = Pmpp * irradiance * irradiance ; *

PTcurvetemperature(t) (1)
In what:

* Pdgy is the output power generated in dir
current.

e Pmppis the nominal power at the maximum pov
point at a certain t2mperatt.

» Irradianceis the base value of irradiati.

» Irradiance is the value of irradiance at a cert
time.

» PTCurvetemperatuy is the temperature curve in
degrees Celsius panel as a function of the.

Since the current power (CC) generated is obtai
alternating current (CA) power is calculated using expres
(2).
Pac = Pdcy * Ef feurvepac(ey (2)
Being that:
e P.is the power at the inlet of the invel.
» Effcurvepsyy is the efficiency of the
inverter for certain value of the acti
power.

The battery bank was sized considering two charging
unloading situations.
Load situations (Pin[t]) and disarge (Pout[t]) can be

observed in Fig. 2.
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| Despalga
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Fig. 2 —Battery storage system scherAdapted from [8].
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Where Ryingiy are the losses generated by the storer when @ne of the problems of battery use, the voltage sinking), and

is inactive. once stocked it discharges into the system feeding some
Thus, you can calculate the losses of the during loading usipgrticular component on the client.
the expression (3). For an IEEE 123 test system the behavior of medium voltage
and losses for different cases with batteries connected to the
Pchyy = (1 — ngp) * (Ping — Pidling,) — (3) circuit. As can be seen in Fig. 3, there is a reduction in losses
The battery yield is @ Losses in the unloading step can beand voltage control by the use of batteries, compared to the
obtained by expression (4). system with generation distributed by the use of photovoltaic
1 cells (GDFV), but the use too much of a battery bank to the
Pdischyy = (Poutyy) + Pidlingyy) (ndisch_ 1) (4) system (3 SAEBs, 5 SAEBs) causes its yield decays
Once the losses of both loading and unloading are knowRonsiderably compared to the same system with only one
total losses are calculated using the equation (5). battery bank. You can observe the sinking in the voltage
when there is only one battery (1 SAEB) on the network, if
Ptotyy = Piny(1 — ng,) + Pidlingg) * ne,  (5) compared to the system without battery, but with DG, a

] _situation that will be shown in this article. However, there
Thus, knowing the losses generated by the battery whilgj)| pe reverse flow due to the excess power generated by the

charging and unloading, and knowing the value of the poweganels, a condition that is not considered in [12].
of each charge, considering the efficiency of the charge and

discharge of energy is 90%, obtain the total power that tt 7m0

battery banks will have to compensate. Inactivity losses al EllPercas b
considered to be 1% of the device's rated power. 600 B vensio Médi | | oo
1 1
C. Increased Tension in the Presence of DG 500 _
The installation of distributed generators leads to increase EL r 0.9912 :
system voltage. This increase, if not controlled, may affec & n =
the quality of energy supplied to consumers [9]. B 300 §
2

In [10] a study was presented in which high energy
penetration through large-scale photovoltaic panels improve 2%
system stability. Not only that, it was also presented that 1 0.9904
dispersed penetration, that is, more distributed amon '®
consumers of the network presents greater stability for tF
system than a punctual incidence (in few consumers Y Normal GDFV 1SAEB  3SAEBs  5SAEBs
Therefore, for this study, a distribution of DG will be carried
out as dispersed as possible [10]. F

ig. 3 — Loss and average voltage in a given network during the day
[12].

D. ReverseFlow F Cases
The installation of PV in the system can decrease the powg
demand required for the substation. However, at certaig
times of the day the power provided by the panels is greate¥
than that consumed by the load. When this situation happens,
a reverse flow of power will exist at the connection point of
the photovoltaic generator with the mains.

lve cases of analysis were carried out using the Figure 1
stem as a reference, which are highlighted below:
» Case Study 1:Simulation of the system without
DG.
Case Study 2:Simulation with an increase of 30%
The conventional operation of a system without DG is one- DG, in which PV was inserted into 9 loads,

way in line, with the power being substation-load. In reverse following the 9ro!er of t_)uses_. . 0
flow condition active and reactive powers reverse the flow ¢ Case Study 3:Simulation with an increase of 60%

direction following the load-substation direction [11]. DG (18 individually connected photovoltaic panels
In this article, the reverse flow condition will be applied in on each bus, in sequence), so that greater stability
all simulated cases, aiming to observe the influence of this occurs in the voltage curve of consumers.
flow on consumers connected to the network who do not * Case Study 4:Simulation with an increase of 60%
have photovoltaic generation. DG (connection similar to case 3), adding a battery
bank. The aim of this study is to identify the stress
E. Inserting Battery Bank into Charge sinking phenomena in the periods in which the
battery is in the process of charging, and increased
The use of batteries in power-compensating systems is voltage in the period in which the battery is charged
intended to control the voltage. It is worth noting that this and providing energy to the system.
control can be both for increased tension and to decrease it * Case Study 5:Simulation with an increase of 60%
(this, however, is less usual for this application). To perform DG (connection similar to case 3), installing 4 sets
the control, the battery bank works as follows: while of battery bank in different consumers. The purpose

discharged, it acts as a charge being charged (from this arises
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of this case is to prove the decay of theof simulation) or decreases (between 18h and 20h). Such
compensation that batteries provide. variation will be seen in most simulated cases, this is because
for a real load curve, as is the case with this study, these time
For all studies, the tension curve was obtained for two buseistervals are the moments when consumers least and most
the closest to the substation (bus 2) and another as far aw@ggmand energy, respectively.
as possible (bus 24). Thus, it becomes possible to perceiVaese curves will be the reference for the comparisons that
the contribution of DG due to the flow of power. will be made in the next cases, in which it will be possible to
The representative curves of consumption classes fobserve improvements and possible problems that may
residential consumers were obtained through measuremewiscur.
on weekdays, provided by energy concessionaires, made in
tariff review campaigns requested by ANEEL [13].B. Case?2
Residential consumers were classified according to monthly
energy consumption (kWh/month). For each consumptioifhe second case now consists of the same system, but with
class, a mean curve and a standard deviation curve we38% distributed generation. The panels were allocated to
obtained. These curves are called representative curves of ttensumers present in buss 2,3,4,5,6,7,8,9 and 10.

consumption classes [14]. Once photovoltaic panels were inserted into the code, once
again the tensions were obtained in buss 2 and 24, which are
3. Result and Discussion present in Figures 6 and 7, respectively.
Mag carga10_voltage: V1, V2, V3
A. Casel- Reference 1020 )

For the first case, the electrical system without distribute

generation was analyzed. Once modeled in the software, t1.00:

tension curve was obtai.ned. for consumers presen.t in buss P
and 24, as can be seen in Figures 4 and 5, respectively.

0.9801
Mag cargal0_voltage: V1, V2, V3

0.990
5.0 100 15.0 200
Time . H
0.980 Fig. 6 — Voltage on the consumer of the bus 2 for 30% DG.
Mag carga25_voltage: V1, V2, V3
0.90
0.970
0.80
0.960
50 10.0 15.0 20.0 0.70 /
Time. H
Fig. 4 — Voltage on bus 2 consumer.
Mag carga25_voltage: V1, V2, V3 060
0.90
5.0 10.0 15.0 20.0
0.80 Time. H

Fig. 7 — Voltage on the consumer of the bus 24 for 30% DG.

o Compared with the results of case 1, it turns out that for both

buss there was a considerable voltage increase, and in bus 2,
in which there is pv connected, the increase in tension was
more effective. On bus 24, in which there is no photovoltaic

0.60

050 % panel, the increase in tension occurs because existing
50 100 ey 0 200 photovoltaic panels provide excess energy, causing the
Fig. 5 — Voltage on bus consumer 24. power to be injected into the network, affecting such a bus.

Low voltage values are perceived for certain moment$;. Case3
especially on bus 24. Such values are due to the great . ) .
distance that the consumer is from the substation, causing thee third case study consists of increasing the percentage of

V0|tage drop on the line to be h|gh, and in the absence of t&gneration distributed in the network. In this sense, 60% of
switching on the transformers, makes the voltage smaller fAG was inserted into the system, and the panels, in addition
the bus. to those previously allocated in the buses mentioned in the
You can observe for both bus 2 and bus 24 there are tinjéevious — study, cells were inserted in  buss
intervals when the tension in both increases (in the first houdst,12,13,14,15,16,17,18 and 24.
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Thus, the tensions present in buss 2 and 24 were ag:
obtained and are presented in Figures 8 and 9, respectively 100

Mag cargal0_voltage: V1, V2, V3

1.010

0.990

0.980

0.970

15.0
Time. H

Fig. 8 — Voltage on the consumer of the bus 2 for 60% DG.

5.0 10.0 200

Mag carga25_voltage: V1, V2, V3

1.00

0.90

0.80

0.70

0.60

5.0 10.0 15.0 200

Time. H

Fig. 9 — Voltage on the consumer of the bus 2 for 60% DG.

Mag carga25_voltage: V1, V2, V3

0.90: /\
0.80:
0.70

0.60¢

5.0 10.0 15.0 20.0

Time. H
Fig. 11 — Voltage on 24 bus consumer with battery.

With the battery bank, the charge present on bus 2, during its
operating period, caused a considerable increase in voltage,
reaching an increase of almost 5%. However, in the time
interval in which the battery bank was in the process of
charging, there was a voltage sinking, as can be seen between
18h and 21h fig. 10, causing a reduction of almost 5%
compared to the previous case. In bus 24, in turn, as
expected, in the moments when the battery did not act,
nothing occurred with the curve, see Fig. 11. However, when
the battery provides power, part of that power is sent back to
the system, causing an increase in voltage even in consumers
that the battery was not connected.

E. Caseb

This last study is similar to the previous one. However,

In this situation, you now have both buses under PV analysi3attery sets have been connected to different consumers.
With regard to bus 2, which before there was already soldrigures 12 and 13 present the pharactensucs of the tension
energy, there was no increase in tension like that occurred fByrves in buss 2 and 24, respectively.

the previous study. Because in this case, the electrical system |
because it is almost full energy compensation becomes mc
stable. In relation to bus 24, a better level of tension i
observed during the day, during which time the panelm

operate.

It stands out how the behavior of curves in both load
became more stable for the circuit with the highes

percentage of DG.

D. Case4

In this analysis, the system was maintained with 60% D( 50
and a battery bank was added in bus 2 Figures 10 and 11

present the voltage curves referring to buss 2 and
respectively.

Mag cargal0_voltage: V1, V2, V3

1.040
1.020
1.000

0.980

0.960
0.940 /
0.920

]

200

5.0 10.0 15.0
Time. H

Fig. 10 — Voltage on bus 2 consumer.
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ag carga10_voltage: V1, V2, V3

W
° \\/\\M

0.90-

0.80
V
10.0 15.0
Time. H

Fig. 12 — Voltage on bus 2 consumer with 4 batteries.
carga25_voltage: V1, V2, V3

20.0

2 Mag

1.00

0.90 A

pdih

0.80
0.70+

0.60+

I
5.0 10.0 15.0 20.0

Time. H
Fig. 13 — Voltage on the 24 bus consumer with 4 batteries.
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Compared to the previous case, where there was only of8 Aneel, “Cadernos Tematicos ANEEL Micro e
battery, the four-battery set decreased the compensatibfinigeracdo Distribuida Sistema de Compensacao de
supplied to the network. The problem of sinking in bus 2 i€nergia Elétrica.,”
much more noticeable compared to the previous case, and #{86.[Online].Available:https://www.aneel.gov.br/documents/6568
increased tension that had occurred becomes unadvantageét/d4913578/Caderno+tematico+Micro+e+Minigeracao+Distribuid
for this situation. Bus 24, however, even with a battery banf*-+2+edicao/716e8bb2-83b8-48e9-b4c8-a66d7f655161

connected to it, suffered less impact than bus 2. There is 4{P—P—col_count=1& consultaspublicasvisualizacao_WAR_Audie
increase in tension in certain moments of time, althoug ciasConsultasPortletportlet_documentold=4728&_consultaspublic

. . . . svisualizacao_WAR_AudienciasConsultasPortletportlet_tipoFaseR
there has been longer foundations f_or this Conflgure_ltlon. . euniao=fase&_consultaspublicasvisualizacao_ WAR_AudienciasCo
In summary, for better analysis of each simulationsyitasportietportiet_jspPage=%2Fhtmi%2Fconsultas-publicas-
performed, Table | and Table Il present the stress peaks \isualizacao%2Fvisualizar.jsp

each of the simulations for buss 2 and 24, respectively. [4] Aneel, “Resolucdo Normativa N° 482" 2012. [Online].
Available:http://www2.aneel.gov.br/arquivos/PDF/Resoluca
Table | — Result of each simulation for bus 2 0%20Normativa%20482,%20de%202012%20-%20bip-
Case Maximum voltage| Minimum voltage junho-2012.pdf
\4| vl [5] J. Watson, N. Watson, D. Santos-Martin e A. R. Wood, “Impact
1 0,99 0,96 of solar photovoltaics on the low-voltage distribution network in
2 1,02 0,97 New Zealand” IET Generation, Transmission & Distributipn
3 1,01 0,97 outubro 2015. [Online]. [Acesso em julho 2019].
4 1,04 0.92 [6] L.N. Uchoa, “Defining Customer Export Limits in,[EEE
5 1,01 0,80 Transactions on Power System8 January 2018, p.1, 2018

[7] J. Rubens, “Alimentador de Distribuicdo em Média Tens&o”,

Table Il — Result of each simulation for bus 24 Uberlandia, 2018. Available:

Case Mame\L;]m voltage Mlnlmu[\r;]] voltage http://www.jrubens.eng.br/download/AMT1.pdf
[8] OpenDSS, “Open Distribution System Simulator,” [Online].
1 0,90 0,50 Available: http://smartgrid.epri.com/SimulationTool.aspx
2 0,90 0,53 [9] J. A. Paludo, “Avaliacdo dos Impactos de Elevados Niveis de
3 1,05 0,53 Penetracéio da Geragdo Fotovoltaica no Desempenho de Sistemas de
4 1,00 0,60 Distribuicdo de Energia Elétrica em Regime Permanefscola
5 1,00 0,60 de Engenharia de Séo Carlgs, 186, 2014.

[10] N.M.M.A.-.S.-Y.M. Rakibuzzaman Shah, “Impact of Large-
Scale PV Penetration on PowelZEE PES General Meeting, 7,
04 de Novembro 2010.

[11] R. W. Peter Esslingera, “Improving Grid Transmission

In this work, a study of reverse power flow and thecapacity and Voltage Quality,Energy Procedia,p. 09, 27-30
application of battery banks in the network were presente&etembro 2011.

Five case studies were conducted in which tension increasp@] W.D.C.B. Jodo Paulo Assuncdo de Souza, “Influence of

strain was proven in loads that there were no photovoltaidecentralization of Energy StorageConferéncia Brasileira da

panels through the system's power flow. For this, scenariéd/alidade da Energia Elétric@.06, 2019.

with different percentages of DG were simulated. The use ¢#3] MCT. Tecnologias Disponiveis. Ministério da Ciéncia,

DG improves the stability of tension in the system when it ig €cnologia e Comunicagées.2019. Available:

decentralized in the network, as observed in case 3, whidfiP-/www.mctic.gov brportal =

consisted of the insertion of 60% of generation distributed i 41 A A. Francisquini, "Estimagdo de cgrvgsNde” carga em ponto de
onsumo e em transformadores de distribuigdo,” p. 94, Marco 2006.

the system.

In other time, a set of batteries was inserted to present

increased average voltage, and the possible problem that may

occur from voltage sinking. This situation is seen in the case

of simulation 4 in which there was overvoltage in bus 2 and

at the same time there was improvement in the voltage level

of the bus 24.

Moreover, there was a drop in compensation provided by the

battery bank with the increase in it in the network, with

tension sinking on bus 2, as noted in the case study 5.

4. Conclusion
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