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Abstract— In the last several decades, public interest for
electric vehicles (EVs) and research initiatives for smart AC
and DC microgrids have increased substantially. Although EVs
can yield benefits to their use, they also present new demand
and new business models for a changing power grid. Some of
the challenges include stochastic demand profiles from EVs,
unplanned load growth by rapid EV adoption, and potential
frequency (harmonics) and voltage disturbances due to
uncoordinated charging. In order to properly account for any
of these problems, an accurate and validated model for EV
distributions in a power grid must be established. This model
(or several models) may then be used for economic and
technical analyses. This paper supplies insight into the impact
that EVs play in effecting critical loads in a system, and
develops a theoretical model to further support a hardware in-
the-loop (HIL) real time simulation of modelling and analysis
of a distribution feeder with distributed energy resources
(DERs) and EVs based on existing data compiled.
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I. INTRODUCTION

With a changing power grid moving towards a future of
smart microgrids, there has been much debate of centralized
vs. decentralized control schemes, AC vs. DC microgrids,
communication and protocol variations, battery limitations,
renewable energy penetration impact and composition of
DERs to a microgrid [1]. Beyond control schemes [2] and
protection protocols is a growing necessity to properly
address stochastic loads and generation components that will
integrate to form tomorrow’s power grid [2]. To completely
describe stochastic model formulation, we need to address
renewable energy, energy storage, and electric vehicles
simultaneously. Additionally, for electric vehicles, issues of
charging methods [3][4], harmonic and transient impacts,
inverter interfacing [5], voltage sags, power quality [6],
privacy of the customer, and cyber-security measures should
be analyzed [7].

Similar to the makings of a benchmark testbed for
microgrid configurations [8], the proper model to learn the
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impacts of EVs are currently being developed. The
probabilistic nature of EVs have prompted a push in research
towards appropriately estimating the load produced by
stochastic charging and discharging by EVs and the impact
EVs have on a distribution system for planning and
reliability purposes [9][10][11][12]. In one paper, the IEEE
13-bus test feeder is used to analyze, in a standard fashion,
critical grid stability with various scenarios of EVs [11]. In
several papers, Monte Carlo simulations are formulated
involving a range of EV makes to more adequately
determine the most likely driving distances and locations of
EVs in a region [9][10][12]. The first of these papers also
includes the sensitivities in a mobility distribution
assessment of “socio-geographical” influences on the
location of EVs [10]. This first reference paper most
adequately accounts for a wide range of EV models, as well
as data backing a distribution of EVs in a model [10]. This
analysis outlines how one may then determine the
approximate load produced by a nonhomogeneous EV
generation, shown critical to know as in another paper in
which similar probabilistic determinations for an EV load
were found [13].

As just overviewed, some approaches to studying EVs
construct too general a scope whereas others too specific. A
more nuanced model, analysis, and EV distribution is
necessary to founding a greater understanding of system
protection and distribution planning. This paper will, in an
effort to establish a proper model and aid the research
community in understanding EV impacts on the grid,
evaluate a microgrid-like distribution system, assert a slight
region specific EV distribution, and provide critical load
impact analyses based on those EVs.

II. OVERVIEW OF OUR METHODS

In this paper, we seek to produce several studies for the
impact of nonhomogeneous EV distributions on the critical
loads of microgrids and microgrid feeders of different types
— residential and commercial. This distribution will consist
of a representation of generalized compiled data supplied by
the U.S. Department of Energy’s Alternative Fuels Data
Center on EV fleet loads. This data may be then used in
several case studies to evaluate EVs and their impact on
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distribution planning regarding critical load impacts for a
residential based load distribution feeder study, a
commercial based load distribution feeder study, and a full
substation service territory consisting of mixed loads study.
To conduct this study, the service territory of a large
substation supplying New Mexico State University (NMSU)
is used to construct each case study. NMSU’s electricity is
supplied by one primary substation and assisted by two
much smaller substations that aid in providing energy for
variable and non-critical loads (i.e. football stadium).
NMSU also hosts an on-campus central generation station as
a supplemental energy source to the primary substation. By
eliminating the central plant and smaller substations that are
integrated with voided loads, we may easily design a
research space that emulates a microgrid using NMSU’s
current grid architecture. We are supplied with a one-line
diagram of the NMSU electrical system but cannot,
unfortunately, provide this data and information in this
paper. This one-line diagram, as well as data files for several
buildings on campus supply us with the energy consumption
of each of the six feeders from the campus substation and
some individual building energy consumption information.
By compiling this load information with some general
assumptions for interpreting the limited information we
have from the one-line diagram, we can construct to a
MATLAB Simulink model of the NMSU distribution grid.

Something to note about this system is that it is parsed
into a 25 kV (23.9 kV) and 5 kV (4.16 kV) regime type
system. The campus facility’s team is gradually
transitioning the whole campus system to a 25 kV system.
However, because of this shift and the way that transformers
in this one-line diagram designed, much of the 5 kV system
is lumped as single loads and then connected to parent 25
kV transformer units. In doing so, this simplification of the
system does affect the redundant design of the system,
making each of our distribution feeders radially modeled.
This adjustment should still justify a generalization of most
distribution feeders. A residential feeder and commercial
feeder for individual study may then be studied as individual
partitions from the larger substation service territory. Of
course, there are parts of the 5 kV loads in this system that
are connected to another substation. In our attempts to
control for the impacts on distribution planning on a single
substation service territory, the simplification of lumped
loads and selection of independent feeders (feeders only
directly connected to a single substation) supports the
prudency and resiliency in this simplification for these case
studies. In summation these method provide three
distribution system case studies, one residential feeder
(feeder 1), one commercial feeder (feeder 6), and one whole
service territory set of six distribution feeders, backed by
real building load data and one-line diagrams from campus
facilities of the NMSU grid.

With these models, we can then assign critical loads to
various parts of our systems based on recommendations by
campus facilities and knowledge of the system’s
dependencies for each of these assigned critical loads. Our
critical loads can be defined as loads that cannot be afforded
to be lost in the case of a system blackout or line fault.
Similar critical loads in everyday distribution infrastructure
would include health clinics, emergency services buildings,

care facilities, and some government buildings just to name
a few.

The construction of this model is in the interest of
NMSU as a method for justifying future renewable energy
installations as well as future study capabilities for the
power research group at NMSU. By constructing this
NMSU distribution model, a data-backed distribution
system may be simulated in a synergistic fashion with
DERs. Several buildings, including the electrical
engineering building, at NMSU have rooftop solar that can
be used in the future for HIL modeling the integration of
EVs and DERs together.

Finally, an analysis of the impact on critical loads will be
conducted in MATLAB Simulink as well as other policy
and technical design suggestions [14][15]. This work is
intended to be used in future HIL simulations with OPAL-
RT with the same model for similar analyses considering the
absence of hard data from the actual distribution systems to
simulate. We hope to observe in this study to what scale
EVs detrimentally physically impede the reliability
performance of a distribution feeder off a substation service
territory and to what scale EVs adoption accelerates that
physical implication based on regional data. Discussion of
these implications will play a role in economic policy and
current market considerations made by utilities. This model
will be useful for the planning of an electric utility for large
system demands due to charging and/or distributed energy
storage for peak shaving utilizing electric vehicles in a
microgrid setting.

A. Theory for developing EV Distribution

Regarding the distribution of EVs, different assumptions
for the placement of EVs must be made for our models for
each type of model. Since we do not possess qualitative data
available for current EV plug-in stations on campus as they
relate to the lumped loads selected, generalizations must be
adopted. For our residential and commercial EV
distributions, however, we may be able to adapt data
regarding the City of Las Cruces’ per county EV adoption
for scale and the rooftop solar information by zip code of
the Las Cruces service territory for a sense of EV placement
in the model. This specificity yields a proportionate number
of vehicles registered in the collected data for that zip code
as well as a data-backed value of the number of rooftop
solar consumers that exist in that given zip code. An
assumption in this paper is that those who adopt rooftop
solar are also those who are most likely to adopt EVs. These
numbers will then be divided in accordance with the socio-
economic data supplied and possibly applied by exploiting
past Monte Carlo techniques from other papers [9][10][12].

B. Adaptation of EV data to New Mexico State University
(NMSU) System

After having produced an adequate distribution of EVs
from very broad data supplied for the City of Las Cruces
data, this EV distribution will be adapted as variable battery
sources similar but not identical to the buildings in our
model. First, however, the existing model will be partitioned
into identified critical loads, residential loads, and
commercial. Selecting EV injections with be applied
randomly and individually in the single-phase residential
model and randomly but lumped in the commercial model.
Once EV injection points in the model are defined, these
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values will be scaled to match that of current adoption of
EVs in the city (including NMSU campus adoption). After
EV injection assignment and scaling for EV penetration, we
may then change the EV charging types using different
assumptions provided in the computation of EV loading
using the DOE’s Alternative Fuels Data Center on EV fleet
loads. Current estimates to extreme adoption stipulations
simulated against existing infrastructure can be used to
measure loading pressures critical transformers and thereby
lead to considerations in future design. In doing so, we can
recommend suggestions in considering reliability and
resiliency for these types of changing systems.

C. MATLAB Simulink Model and Overview of Study

It’s important to point out that this paper and later,
provided results, thesis is intended to aid in constructing
tools and methods for studying EVs. Past models are too
specific to the study area and others are too broad. This work
is made in hopes of supplying the power group at NMSU
with tools to conduct HIL studies with DERs and future EV
adoption and to add to add a nuanced method of realism and
generalization for analyzing variable loads like EVs within
an adaptable context for designing distribution systems
around the globe.

III. EXPECTED DATA AND RESULTS

The results to be drawn from the model above will
include a summary of the model created and methodology
proposed for making similar models like it. Included will be
an overview of the voltage sag impact of our studied
distribution of EVs on critical loads and the system. This will
then develop into a discussion of whether this difference
matters when compared against comparable models with
different distributions. MATLAB Simulink data will be
discussed as well as the macro (possibly tabulated)
information regarding the final model’s load profiles and
considerations for critical loads, if permitted to release this
information (possibly bounded by non-discloser agreements
(NDAs)).

IV. CONCLUSIONS AND FUTURE WORK

The conclusions we expect to draw are that some form of
updated infrastructure (specifically transformers) evaluation
regularly take place for utilities, automated metering
infrastructure (AMI) be put in place to monitor reliability
threatening, greater considerations for greater variable line
loading at the distribution level in planning be accounted for,
and that similar analyses of rapid EV adoption take place in
other regions of the country for validation. Certainly, at
New Mexico State University, this model will be used in
additional real-time simulations to facilitate power
electronic, reliability metrics, cyber-security, and economic
policy implications utilizing a model that considers
nonhomogeneous EV distributions and their behavioural
irregularities. Furthermore, work will be done with these
created models for looking at microgrid integration of DERs
using HIL with OPAL-RT with emphases in system
protection. Future studies may also include that of studying
harmonics with EV charging in scale. Entities interested in
this type of research include other research universities and
institutions involved with IEEE, governmental research

arms including NSF funding this work, and companies
interested in using realistic simulations for product
development and proof of concept in solar, electric vehicles,
and battery circle.
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