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Electrical assessment of georeferenced distribution network due to electric
vehicles deployment
Evaluacion de un sistema eléctrico georreferenciadie distribucion debido a la
penetracion de vehiculos eléctricos
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ABSTRACT - several cities worldwide are focused to reduceetidironmental degradation based on the deploymedtirtegration of
renewable energies and electric vehicles (EV) theodistribution network. The first one replacescéicity produced by fossil fuels with solar,
wind or hydro power plants, whilst the second ana feasible alternative to substitute internallwastion engine (ICE) vehicles with eco-friendly
vehicles. Set in this context, this paper propasesxamination about the main effects in a geagafard distribution system when non-linear loads
are connected to the grid. The distribution netwoddel contemplates georeferenced data from cusspmeere unbalanced currents due to the
customer’s consumption in each distribution tramsfr is evaluated using a variety of coefficient dommercial and residential load models.
Voltage unbalance, harmonics and load flow analgsierformed in PowerFactory to determine the ictpaf EVs to the grid.

Keywor ds- Harmonics analysis, unbalanced loads, non-lineads, georeferenced distribution network, electebiele.

RESUMEN- En la actualidad la sociedad esta enfocada entigawion del dafio ambiental basado en la integnad&energia renovable y
vehiculos eléctricos en las redes eléctricas. Eaergmpias como energia solar y edlica en la gai@n de electricidad estan destinadas a
reemplazar los derivados de combustible fosil, mésnque los vehiculos eléctricos substituyen aréddculos de combustion interna. En este
contexto, el presente proyecto propone un andlisisa red eléctrica real georreferenciada consider#s principales retos que involucran la
conexion de cargas no lineales al sistema eléctflamodelo utiliza informacién georreferenciaddaieusuarios y la red eléctrica existente, donde
corrientes desbalanceadas consumidas por los oswsmm evaluadas basado en modelos de carga jgar@slresidenciales y comerciales. El
impacto debido a la inclusion de vehiculos eléatries desarrollado ensglftwarePowerFactory mediante andlisis de flujos de pagemalisis

de amonicos y desbalance de voltajes.

Palabras clave— Analisis de armonicos, carga desbalanceada, camdineal, red de distribucion georreferenciada, icetos
eléctricos.

1. Introduccion have been developed by transport industry, which is
Electric vehicles deployment into the power focused to deplete the consumption of petroleum
distribution network is by far the biggest challenip derivatives and extend the deployment of EV worttiwi
electrical and transport engineering, becausetibnty Some countries have started to replace electredaties
relates electrical facilities but also involves touser instead of conventional vehicles due to fossil fuel
behaviors, transport patterns, infrastructure, rietdgy limitations, and the results have been positivd32]

advances and environmental concerns. The last ame h The international transport industry market is
become a paramount theme in the contemporary gociet primarily dominated by ICE vehicles due to customer
consequently some issues have been identified andreliance in traditional vehicles. The customer's@arns
possible solutions has been stated by academics [1] about the transition from conventional fuel vehscte
Within this background, the environmental degramfati  eco-friendly vehicles are related with the insuéid

has been mainly produced by the extensive utibzadf battery capacity, the longer charging times, an#t af
ICE on transport sector, which consume considerable charging infrastructure. Nevertheless, technoldgica
quantities of fossil fuels. Novel and modern tedbgies advances are being developed to promote the
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enlargement of EV fleets since new models present a
enhanced battery performance, increasing the etmerge
autonomy and reducing the charging times.
Consequently, rapid chargers could be located imego
with high urban density such as shopping centenksp
and municipal parking lots [4].

With a raising environmental concerns and
technological advances, the electric industry weide
has improved considerably in recent years. Germerati
transmission and distribution systems have been
renewed, and thus, thermal power plants which aoesu
significant amounts of fossil fuels have been regdaby
renewable energy like solar, wind and hydropower
generation. Transmission corridors have been emigianc
with the inclusion of several transmission lines
connecting power plants with load centers, imprgvire
flexibility and operability of the system [5]. Tleest stage
of the system has been upgraded since daily operati
works are achieved in distribution system to off&etter
service to the customers. As consequence, mediam an
low voltage networks are undergoing rapid changes,
therefore identification of impacts of EV and distited
generators have been carry out evaluating the talan
between demand and supply and the potential violati
of statutory limits [6], real cases has been ingastd in
[2], [7], where probabilistic approximations arelinéd
to determine impact on LV networks.

The deployment of EV around world is constantly
growing, then public policies has been declared¢chvh
are focused with reduction of taxes for green Jehijc
investments in mobility programs, replacing the
conventional cars in governmental institutions by
vehicles with low emissions [8]. Additionally, teubal

Georeferenced data can be obtained from OSM files,
which contribute with information about locationdan
functionality of essential facilities and systeresving a
city. Electricity networks, roads, streets, restihd and
commercial buildings are acquired from georeferdnce
files. The aforementioned information is characediin
three forms nodes, ways and relations [12]. Nodethe
virtual representation of specific points on thatEa
surface, which are expressed in its geographical
coordinates (latitude and longitude), whilst wayes the
computer-generated combination of nodes, which are
well-arranged to form closed features such as img#d

or non-closed features like a street section. Rintie
gathered data, which relates information amongpchfit
objects is named relations [11], [13].

Set in this context, the present paper analyses the
influence, impacts and assessment of proliferatbn
electrical vehicles into distribution networks. Timain
assets such as distribution transformers and cabkes
studied when unbalanced non-linear loads are coedhec
to the distribution system. The rest of the predent
structured as follows: Section Il presents a dpson of
the study case considering the EV model when it is
connected to residential and commercial end usesd
on georeferenced data. Section Ill presents simuakt
performed in DIgSILENT PowerFactory, and a
comprehensive asset assessment on distributiororietw
is stated in Section IV followed by the conclusidnawn
in Section V.

2. Case study and EV load model
The present section focuses in a detailed modleof
case study, where the network topology is baseah fro

and commercial approaches has been stated to gevelo georeferenced data. The loads data consider adpefio
rapid charging infrastructure in parking zones and time of 24 hours, then a peak and the lowest dernsand
commercial areas with high traffic and population analyzed. Additionally, EV and traditional loadsear
demand [9]. Consequently, not only a structurangiea modelled considering unbalanced behaviors duesto it
in transport sector is imminent due to the intrdituncof natural features in distribution networks, seerégi.
electrical vehicles in medium and long term, bugoal
distribution networks will face several effects and
impacts in their assets, then planning, maintenamce The topology of the selected distribution netwak i
operation policies should be evaluated [1], [7]. based on data from OSM files, where both closed and
Several research has been conducted for planning innonclosed features permit to reconstruct location o
distribution networks considering georeferencedadat buildings, streets and revision boxes. Buildingsl an
providing security and reliability at minimum cosith a infrastructure represent to end customers, whichbea
coverage of 100% since it is mandatory to supply divided in different categories or strata dependimejr
electricity to the totality of end customers [1(11]. electrical demand. The selected case study is ceatpo

2.1 Case study based on OpenStreetMap (OSM) data



by 368 closed features, which are represented ds en two power transformers connected in parallel with a

users (buildings), and 204 non-closed features lwdwe
related with roads, avenues and streets. Additignal
recreational area is depicted where rapid charging
stations and distributed generation will be modklie
determine the effect of by bi-directional load flown
their distribution transformers. Set in this conjeke
selected case study is located in one of the nmoStable
and commercial zones in Quito, the capital of Eocuad
Not only the central business district, but alsguhy
residential buildings, shopping centers and govemtm
institutions are located in this area. Consequentlg
zone presents a higher urban density than
surroundings districts in Quito. Currently, moranfone
substation is needed to supply the enough eldggtrici
demand for the entire zone.

the

capacity of 15/20 MVA each. The substation is ndyo
comprised by switching and protection systems alad
control and energy management system is available,

where control system permits the automatic conoecti

and disconnection of the three underground outgoing

feeders, which delivers electricity to a variety of

residential and commercial customers via distrdyuti
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Table 1. Parameter and simulation data of distribution

transformers 6.3kV/220V/127V.
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Figure 1. Georeference distribution network.

Power Substation

network

Primary Distribution End users per

feeders transformers| primary feeder
Feeder A 78 2208
Feeder B 31 1220
Feeder C 65 2240
Feeder D 68 738
Total 242 6406

The selected primary feeder is completely modelled
considering all electrical equipment, whereas st of
the substation feeders are modelled as lumped.lédads
a consequence, the network modelling contemplates t
guantity of distribution transformers, paths armitis of
underground cables, and the estimated demand
consumed by customers. The selected primary fasder
based on radial and loop configurations with exkrn
interconnections (tie lines) with sufficient capgcto
connect and transfer end-users between primaryefsed
providing flexibility and reliability under unusual
circumstances. However, for the present paper tite g
operates in normal conditions, where external
interconnections are in open position and primaegers
are working radially. Table 1 shows main featurethe
selected scenario.

The customer’s demand in future years is based on
transformer kVA demand allocation and a long-term
forecasting. Load forecasting provides informafiona
proper decision in planning, investments, and Ugual
load forecasting in the long-term is permanentfgeéd
by uncertain nature since there are several fastais as
economy, weather, new policies, which can change th
pattern of customer consumption. For the presérmral
analysis is performed since it is based on histbdata

The chosen substation is connected to the subof power demand and its changes along the time,

transmission grid at a primary voltage level ofldé It
transfers down to the medium voltage level of 6/3y

therefore predictions and future electricity demaad
be determined [14].



The transformer kVA demand allocation is
traditional and extensive method to model the custo
electricity consumption when feeders are analyaed,
it uses the kVA demand per phase metered at tliefee
head and the kVA rating of all distribution transfers
connected to the feeder. Consequently, an allatatio
factor by phase is calculated using (1), and tleeated
load per phase 7( ¢ p) in each transformer is

determined by (2) [4].

a

(1)

Metered Demand
kVA total

T_d_p=A_F_phasé&kVA transf

A_F _phase=

)

2.2 EV load model

The EV penetration for coming years into distribati
networks is influenced by economic and politic stins,
technology advances, and EV commercialization. As a
result of EV worldwide market has been rapidly girayv

Set in this context, for the present, the chargantp
will represent an increment of load considering a
utilization factor of 0.2, which represents thatyo?0%
of EV are connected simultaneously to the different
phases of the three phase distribution transforiaiersy
the feeder [15]. An arbitrary function defined by
utilization factor, charging point capacity, patteof
vehicle usage, battery state of charge, and opertine
are used to determine the EV load per hour perephias
addition, the proposal analysis contemplates the
installation of four rapid chargers in parking latsthe
main avenue, which are fed by photovoltaic (PV)
systems. The PV system has been designed to supply
enough energy to its load, and the surplus is efeto
the grid depending the solar variability. The bésef
provided by vehicle to grid (V2G) are simulatedcdese
that energy stored in low demand can be delivare¢de
grid during peak periods [16] [17].

An accurate analysis in distribution system conside
the mathematical representation of steady state

in last 5 years due to the fact that the successful characteristics of distributed loads. The load rhode

partnership between industry and governments [B8g T
main effect of insertion of EVs considering a smart

represents the relationship between the voltage
magnitude, active and reactive power flowing irtte t

charging strategy is a considerable augmentation of bus load [18]. The load model provided by Powerdigct

electrical current circulating on distribution neis.
The advantage of smart strategy is that the deriarve:

will be made more uniform, because the EV will be
charged when the electrical demand is in the lovadsie
due to high communication level between the grid an
vehicles by innovative supervision system controls,
which manages all the EV loads connected into the
distribution network. Nevertheless. It is possiltihat
distribution networks face with EVs during peak tsu
due to the fact that customers have the libertintothe
vehicle to the grid, consequently they could inject
consume electricity increasing loading, losses hHa t
power distribution system, see figure 2.
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Figure 2. Distribution system considering EV deployment.

uses three polynomial terms to define active aadtiee
power as can be seen in equations (3) and (4)IcBuk
behavior is defined by some coefficients and exptme
The exponents specify the load type such as canstan
power, constant current and constant impedancdstwhi
the relative proportion of each load type is dedinsing

the coefficient&™ PP ¢P4nqaQ. bQ cQ

AR ARE
R AR VAR B

The selected values to represent a residential,
commercial and EV loads are showed in table 2laeyl
are a compilation of suggested data from literqli®ie
[19]. EV load includes within its model a harmonic
current source based on three-phase thyristor doridg
converter and 12-pulse bridge converter, whichasgnt
the non-linear characteristic due to their powectbnic
components.

®3)



Table 2. Coefficients and exponents for residential,
commercial and Electric vehicle loads

condition of the distribution network during a n@im
day. Consequently, active and reactive power, geka

Coefficient | Residential | Commercial | EV in each busbar, cable loading and other electrical
expi)”n‘lms load load load parameters can be determined. Cable loading asddos
can be estimated and represented as can be Segrén
Active apP 1 0.93 3 during a period of 24 hours. It is clear thablea
power bP 0 0 C00-01, which is the connection between the main
cP 0 0 007 | Substation and the high voltage side of the distian
Y 130 151 5 transformer number 1 IS the most loaded (69%) dimee
- ' ' cable conducts the entire feeder’s current. Anothéte
e_bP 0 0 1 which has a loading over 50% is Cable C30-A, wligch
e cP 0 0 2 carrying a current for its customer’'s load and pthe
. _ subsidiary transformers. Both aforementioned cables
Reactive | aQ 1 1 - - . . .
power exhibit the major losses in the entire feeder beeanf
bQ 0 0 - their elevated currents, whilst the rest of undaugd
cQ 0 0 - cables are working under their nominal rating.
e_aQ 4.38 34 -
e_ bQ 0 0 _ Extremely High
e_cQ 0 0 -
High
3. Simulation and results
Load model aforementioned for commercial,

residential and EV load, in conjunction with therguete
feeder’'s model are the basis for electrical stuslieh as
power flow, short-circuit and harmonic analysis to

| Medium

determine planning expansions, upgrades,
refurbishments and investments. The present paper i
focused in EV penetration to futures years, consety
unbalanced power flows analysis is mandatory to
determine voltage levels in each distribution tfarmer,
phase voltage unbalance and voltage drops on kajsbar
and also losses and loading in cables and tranefsramne
calcualted. Furthermore, harmonic study is caroigdto
establish the effects in power quality due to the
penetration of power converters in PV systems avid E
loads. Consequently, a comprehensive and detailed
electrical assessment of distribution network congors
can be performed.

Underground cables

Figure 3. Underground cable loading on current conditions
during 24 hours period.

Distribution transformers are selected by utilities
designers to operate within their nameplate ratihgsto
the fact that some contingency factors are condiuter
unplanned load growth. Current conditions of the
selected network present an extensive number of
distribution transformers, consequently the utilaa
factor is lower than 25%. This value gives an iatimn
of how well the capacity of an equipment is beisgad)
and it is calculated in based of the relationshfp o
maximum kVA demand and the transformer kVA rating.

3.1 Current status

Power flow analysis in current conditions will
establish the real state of the distribution eq@ptnThe
analysis is focused on busbar voltage levels, saduhel
transformer loading regarding the load profile,. i.e
demand per hour. Power flows are calculated per, hou
then 24 electrical studies are performed to estalihie



Consequently, distribution transformers are oversiz ~ 3.2.1 Transformer assessment
as can be seen in figure 4, where it is depicteebd map Based on current conditions and also utility pekci
representing transformer loading. An oversized it is clear that utilization factor for distributio
distribution transformer can ensure reliability idgr transformers connected to the residential and cawiate
contingencies, however, constant and perpetual corecustomers should be increased up tolerable vahuti
losses, which depend upon the magnetic properfies o coming years by the addition of end users and Eddo

distribution transformers are present during teeivice to each transformer instead of increment the nurober
transformer along the feeder. Consequently, teahnic

life.
and economic resources can be reduced due to EV
-0.176 integration, reducing oil derivatives consumption o
e transport and electricity sector.
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Figure 4. Transformer loading of a georeferenced distriboutio

network on current conditions. O Distribution transformers feeder C

O Distribution transformers for PV systems
. Power Substation

3.2 Future conditions due to EV proliferation

Future conditions are based on the forecasted load
growth, which is associated with addition of loag b  Figure 5. Transformer loading of a Georeferenced
actual consumers and raise of end users in eachdistribution network due to EV penetration.

transformer. In addition, electric vehicle penétrawill Figure 5 represent the loading of a distribution
be _consm!ﬁred, soI slow, medllurn "r’]‘”d fast charging yansformers due to the load growth and conneafon
stations will be employed to analyze the grid. residential and commercial (fast) charging poinisere

the consumption level or quantity of load requitgd
EVs will depend on battery consumption. It is cléwat



consumption is associated with travelled distanc&V¥
and thus the patterns of vehicle usage will have
significant impacts on the operation times of ckasg
and therefore the quantity of electricity demankedV
will vary with this pattern.

Residential charging points are normally consuming
energy from the grid in order to charge vehiclesyéver
for this scenario vehicle to grid concept will hadsed,
where the battery of EV can storage energy, chgrgin
night when demand is low, and sending power back to
the grid when demand is high. Fast charging pants
distributed generation are considered for this pseg
scenario, then additional transformers (75 kVA) are
selected to connect the fast charging station had?y
system to the main grid.
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Figure 6. Harmonic distortion due to EV deployment.

PV systems, fast and residential charger points are
modelled considering their inverters (12-pulse itete
and 6-pulse inverter), consequently, circulation of
fundamental current and its associated harmonids wi
cause an increase of heating in the iron core and
conductors of the transformers. The loading incrgme
and excessive non-linear currents accentuatesging a
of the transformer since these currents producesyuai
temperature of windings. The result of the accédera
aging could cause two problems, the first one igdve
to the distribution transformer with a weaknessjciwh
could fail as a result of a system transient ortstiocuit,
and the second one is related with the operatifeg li
reduction. Figure 6 represents the harmonic cortent
high voltage level and low voltage level per phiasene
distribution transformer.

3.2.2 Busbar voltage assessment

A suitable analysis of distribution system shoualkiet
into account the phase unbalance due to the fatthb
majority of household are designed to operate witl
single phase, consequently EV charger points véll b
connected with the available mains supply pointeate
and small buildings. The voltage unbalance in adhr
phase system is defined as the ratio of the negativ
sequence component to the magnitude of the positive
sequence component and its equation is expresgdyl in

()

‘\%eg

Vpos

Calculations of voltage unbalance at each buslgar ar
obtained using (5) with the positive and negative
sequence components from simulations on DIgSILENT
PowerFactory. Voltage unbalance results are witén
allowable range established by IEEE, where accéptab
values for voltage unbalance should be lower tHan 3
Table 3 shows the most significant busbars wheee th
voltage unbalance is greater than 1% but lower 8¥n

% Unbalance- *100

Table 3.Voltage unbalance at voltage level of 220 V

Busbar Voltage nnbalance (%)
LV(48) 1.749
LV(49) 1.008
LV(39) 1.420
LV(18) 1.751
LV(28) 1.475
LV(54) 1.340
LV(59) 1.015

3.2.3 Underground cable assessment

The increment of EV load is associated with the
increment of currents circulating along the feederthe
coincidence between charging time and peak hours,
could cause the overload of cables, and thus aetieig
the normal degradation of them. However, the ngsne
is related with harmonics, since the non-linearemnir
circulating inside conductor produces a non-uniform
current distribution due to the excessive skin and
proximity effects. Additionally, third harmonic arits
multiples cause disproportionate high currents los t
neutral conductor. Within this background, circidatof
harmonic in the grid origins the premature detation



of cables and the derating of cable capacity dughd¢o
conductor’s overheating. (8]

4. Conclusions [9]

The present paper is performed to determine tha mai
effects in a distribution system when non-lineads are
connected to the grid. The distribution network is
modelled in detail considering the unbalanced eeidl [10]
and commercial loads due to the customer’s congampt
in each distribution transformer based on the kVA
demand allocation method. Simulations are performed
DIgSILENT PowerFactory. Results shows that an [11]
uncontrolled charging method could cause cables
overloading and raising of voltage drops among some
negative effects to the distribution system. Howetres
can be fixed throughout an Energy Management System
EMS), which could coordinate the EV charge when the
demand is low and injecting power to the grid dgrin
peak hours, and thus achieving valley filing, peak [13]
shaving and avoiding voltage unbalance.

Future research should be the maximum number of
EV connected to the grid considering statutory tsmi [14]
associated with voltage unbalance, harmonics, thgadi
and voltage drops minimizing the system operatimst.c

[12]
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