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. Executive Summary
Wildkat Engineering (WKE), in collaboration with Cambi¢RRnbio), has performed a

comparative analysis of the impacts of various penetrations of electric vehicle (EV) charging on

OKSA@IEat dzSNI2 wAOly RAAZUNROdziAR2ZY aedadSY OSN&dz

system that incorporates a high levalsolar & storage penetration.

The analysis was based on previous work performed on behalf of Cambio, where the majority
of the Puerto Rican distribution grid was studied. The analysis was extended and refined to
include the additiorEV charging statioreg of as much as 40% the existing load locations

The analysis modeled a select group of feeders that are representative of the various
stratifications of demand, length and operating voltage across the island. The selected feeders

were purposely distributed across the entirety of the main island and two coastal islands.

The results are encouraging in that there is a significant improvemehtioperational
performance of the distribution network when EV penetration is offset withigh penetration

of solar and storage. Highlights of the results include:

1 Reductions in system losses of approximately 1.5% at high EV penetration when solar

and storage is included versus the base case (no solar or storage) scenario;

1 Reductions in annual voltage violation hours of between 2 and 4% depending on how

the feeders are stratified;

1 Reductions in thermal violation miles of between 0.1 and 0.2 mile$gaeler

depending on how the feeders are stratified;

1 Significant reductions in the requisite infrastructure improvement costs necessary to

support high levels of EV penetration.

These tangible improvements are likely accompanied by more intangible improwenseich

as:
91 Greater overall reliability of the system under most reasonable operating conditions;
91 Decreases in greenhouse gas emissions associated with serving the islands; and
1 The ability to forestall investments in T&D and generation infrastructure.

While these intangible improvements are not quantified herein, they reflect the results of the

earlier system analyses.

[I. Introduction

WKE_042022_CMB_RP-01_Rev4 4
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This report describes the basis of the data used in the analysis, the processes employed and
the results andattendant metricsassociated with the analysis. This analysis is heavily reliant
on previous analysis performed collaboratively by a consortium of Camélios Energyhe
Energy Futures Grouand EE Plus. This analysis establishediifferential impacts of various
levels of solar/storage penetration on distribution and transmission systems, along with the
dispatch and security of the Puerto Rican generation flaetelected number of the circuits
analyzedas part of the previous effowere analyzed for this effort, and based on operating

and demographic characteristics, were used to extrapolate results.

The analysis wasased orthe most aggressive level of PV atdragedeploymentpreviously
considered 75% PXstoragepenetration Multiple modificationsvere made to better

understand the impacts of EV in the absence of DER deployriiéese modifications include:
1. Direct use of USGS Puerto Rico solar irradiance dateB@athinute granularity

2. Modelling of EV charging based onthasized, realvorld, historical data for both

residential and commercial charging, with-dnute granularity.

3. Regional variation of residential load profiles for both commercial and residential

loads

4. Use of direct PV and BESS storage models within[ysemather than load shape

driven generation and loads for better granularity and control of devices.

The following sections describe the assumptions, procedures and processes used to perform

the analyses

lll.  Assumptions
There are several groups of basgsamptions that are incorporated into the subject analysis.

Broadly these are:
1 Source model data
1 PVand storagenodel assumptions
1 EV model assumptions
1 Charging model assumptions
1 Performance Criteria

The specifics of these assumptions are defined in tihseguent sectionsFor the most part

these are replicated from the earlier analysis or improved based on greater model granularity.

WKE_042022_CMB_RP-01_Rev4 5
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A. Source Model Data
As noted above, WKisedpreviously developed models as the basis for the analysis.
However, because thanalysis is considerably more complicated, WKEIs&itl a
smaller subset of feeders, capturing each voltage level in each major regton

circuits used are:
1 820203, Adjuntas Feeder 03, 8.2 kV in the Arecibo region
1 840502, Manati Urbano Feeder 023.2 kV in the Arecibo region
9 770101, Hatillo Feeder 01, 4.16 kV in the Arecibo region
1 170401, Sierra Linda Feeder 01, 4.16 kV in the Bayamon region
1 180601, Levittown Feeder 01, 13.2 kV in the Bayamon region
1 910304, Santa Ana Feeder 04, 8.32 kV inBlagamon region
1 2501-02,Vieques-eeder 02, 4.16 kV drieques
1 260203,Humacad~eeder 03, 8.32 kV in tl@aguasegion
1 3007-03,Gautier BeniteFeeder 03, 8.32 kV in tl@aguasegion
1 301404,Rio Cafidreeder 044.16 kMin the Caguasegion
1 320104, Juncos Feeder 04,16 kVin the Caguasegion
1 320509, Juncos 2 Feeder 09, 13.2 kV in the Caguas region
9 3801-02, Culebra Feeder 02, 4.16 kV on Culebra
1 240202, Loiza Valley Feeder 3.2 kMin the Carolina region
1 120302, SaintlustFeeder 034.16 kVin the Carolina region
1 220104, Luquillo Feeder 04, 8.32 kV in the Carolina region
1 600204, McKinley Feeder 04, 4.16 kV in the Mayaguez region
1 670204, Boqueron Feeder 04, 7.2 kV in the Mayaguez region
1 701102, T Bone Feeder 02, 13.2 kV in the Mpsz region
1 430103, Muanabo Feeder 03, 4.16 kV in the Ponce ES region
1 350103, Aibonito Feederd) 8.32 kV in the Ponce ES region

1 400303, Jobos Feeder 03, 13.2 kV in the Ponce ES region

WKE_042022_CMB_RP-01_Rev4 6
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1 500505, Pampanos Feeder 05, 4.16 kV in the Ponce OE region

1 501603,VillaDel Carmerreeder 03, 13.2 kV in the Ponce OE region
1 152501, Las Lomas Feeder @116 kVin the San Juan region

1 152911, San Patricio Feeder 4116 kMin the San Juan region

1 140301, Chardon Feeder 01, 13.2 kV in the San Juan region

Therelative location of the feeders listed above are shown in below. The operating

voltage is as noted in the legend.

Legend
Operating Voltage

— 2.40/4.16
2.77/4.80
4.16/7.20
4.80/8.32

—— 7.62/13.20

Figure llI-1: Analyzed Circuits

B. PV / Storage Characteristics
The characteristics of the individual PV/BESS installatvassomparable to the

previous analysis, with a few modest changes to better controlrteraction

between the P\&toragesystem and the EV charging system. The basic system
parameters are a Z.kW PV system andl2.6kWhstoragesystem. The OpenDSS
model of PV systems permit the usesafveral PV module and inverter characteristics

as part of the analysis. Module characteristics includeMlagimum Power Point

WKE_042022_CMB_RP-01_Rev4 7
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(Pmpp) value of the PV modulendaler consideration, along with the relationship
between temperature and . Because no particular module was defined as part of
the previous analysis, WKBsused the most popular residential scale modules for the
residential model and a larger modui® commercial installations. The modulesed

are;
1 Jinko SoladKM410M72HI-V 380 W monofacial- Residential
 Canada Solar HIKEISN-400-W mono-facial- Commercial

The module informationvasaggregated to meet the system parameters (e.g. 2.7 kW)
describel above. A DC/AC ratia2D.wasassumed.As per the previous analysis, the
amount of commercial solavasenough to equal 75% of the total feeder demanid
should be noted that the 75% demand value is based on feeder demand prior to the
introduction of EV load. Aresidential locations allocated residential system based on

the size of the upstream transformer.

C. Feeder Load Profiles
OpenDSS uses hourly load profiles to allocate load along the length of the feeder.
Because EV charging typically exhibttieast two distinct modalities (Weekday and
Weekend) WKEhasutilized an 8760 hour load profile for each feeder. This approach
capturad both the weekday and weekend modalities, along with any seasonality in the
load profile.An example load profile is shown Kigurelll-2 below. The peak weekday
andpeak weekend data are based on the coincident peak days from the 2035 forecast.
The individual feeder loadsere scaled based on the ratio of the feeder connected
kVA to the total connected kVA in the district.

WKE_042022_CMB_RP-01_Rev4 8
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Figure 1ll-2: Arecibo Region Demand Profile

Incident Energy Profiles

The incidensolarenergy(irradiance)profiles are based on 2018 3finute interval

data collected across all regions within Puerto Rico. The profiles used for each feeder
are baed on the administrative region in which they reside. The correlation is a

shown below:

Adjuntasc Adjuntas
Manati Urbanog Manati
Hatillo ¢ Hatillo
Levittown¢ Toa Baja
Santa Ana Dorado
Humacaog Humacao
Gautier Benitez; Caguas
Rio Cang Caguas
Juncos; Juncos

Juncos Z Juncos

=A =4 =4 =4 =4 4 4 -4 -4 -4 -9

Saint Just Trujillo Alto
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=

Luquillog Luquillo
McKinleyg Mayguez
Boquerong Cabo Rojo
T Bone; Aguadilla
Muanabo¢ Muanabo
Aibonito ¢ Aibonito
Jobos; Guayama
Pampanog, Ponce

Villa Del Carmeg Ponce

Chardonc SanJuan

=A =4 =4 =4 =4 =4 -4 -4 -4 =4

Las Lomag San Juan
1 San Patrici@ San Juan
An example o&nirradianceenergy distribution for a subject region shownHigure
I1I-3 below. Because the PV models are also temperature dependent, the temperature
profiles have also been captured. A similar example of the temperature distributions is

shown inFigurelll-4 below.

E. Charging profiles
The hourly demands for existing loads have already been determined from the
previous study. The demand associated with EV charging was overlayaol afrthe
feeder demand profiles aecommendedn (J. QuirésTortds, 2015) Multiple charging
profileswere randomly distributed among the residential and commercial nodes
during the analytical process. The charging prefilere stratified based on the day of
the week, but as the reference source found only minor seasonal variations, there was
no variation based on month. The demand data for the various sectors and charger
types were synthesized from charging event datarf(Electric Power Research
Institute, 2018 UK Department of Transport, 201@ke, ACNData: Analysis and
Applications of an Open EV Charging Dataset, 2041®jatori, 2017) An example of a

residential Level 2 Charging profile is showFigurelll-5 below.

WKE_042022_CMB_RP-01_Rev4 10
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Residential Charging Demand by Month
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Figure IlI-5: Typical Residential Charging Profile

IV. Methodology
The analytical methods used for the analysis are fairly straightforward, in that they represent
incremental analyses of the same circuits, with important operating metrics extracted for each

stage of the analysis. The order of theabysis is as follows:

1 Examine each circuit as it is currently configuriesl ,(vith no improvements to
accommodate future loads). The evaluation, as noted earlier, is based on the
projected demand for 2035, based on the previously performed analysis. Th
establishes a baselirfer how well the current systerwasable to accommodate the

projected loads for 2035.

1 Examine each circuit with the addition of EV charging added at random locations along
the circuit, at penetration levels of 10, 20, 30 and 40%this context, penetration
refers to the number of load locationsd., residences or businesses) with EV charging
stations installed. This establishes the incremeimglacts associated with

accommodating future EV charging loads.

1 Examine each cinit with 75% penetration of PV/storagpere-EV levelsand EV
charging, again alectric vehicle chargingenetration levels of 10, 20, 30 and 40%.

WKE_042022_CMB_RP-01_Rev4 12
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This establishes the incremental impacts associated with accommodating future EV
charging loads, coupledith the highly distributed solar / storage paradigm.
T LYy SIOK OFasSs  aSid 2F YSUNRO&A I NBE RSGSN¥YAyY
system based on established operating criteria. Along with the fithess assessment,
where deficiencies are fouh the approximate level of investment necessary to
YAGATIGS GKS RSTAOASYOASAa IINB Ifaz2z RSGSN)YAY
each operating condition. Note that in this analysis, as opposed to the previous effort,
the results of the crassection of selected circuits were extrapolated to the entire
island based on the demographics and operational characteristics of the particular

circuit (.e.,urban vs rural, 4.16 k§13.8 kV operating voltage, total circuit length).

This process yieldstotal of9 scenarios to be analyzed. These are summarizédlitel V-1

below.

Table IV-1: Summary of Scenarios

Scenario Loading EV Penetration PV Penetration
Base Case 2035 0% 0%

EV10 2035 10% 0%

EV20 2035 20% 0%

E\BO 2035 30% 0%

EV40 2035 40% 0%
PVEV10 2035 10% 75%
PVEV20 2035 20% 75%
PVEV30 2035 30% 75%
PVEV40 2035 40% 75%

The traditional metrics used to evaluate distributisystemperformanceare the operating

voltage and the thermal loading of the system. Because there are multiple operating voltages
under consideration in this analysis (4.16 kV, 8.2 kV and 13.8 kV), WKE has used what is
NB FSNNB R dd2y AlGE (NG INGSLASNPElnit is really jtla wgyaft G 3 S

WKE_042022_CMB_RP-01_Rev4 13
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expressing a percentage, so 1.05-peit or 1.05 p.u. means 105% of the normal operating
voltage.So,for example, for a 4.16 kV system, the normal operating voltage is 4,160 V, so a
voltage of 1.05 p.u. is the same as 1.05 * 446@,368 V. This is important because

distribution equipment and most consumer producite ( appliances, electronicgtc.) are only
designed to operate within a certain range of voltage. They may fail or have their life reduced
if they operate at too low or too high a voltag&hede factostandard for the operating range

of distribution systems is ANSI C84.1, which recomasehat the distribution system operate

in a range of 1.05 to 0.95 pu under normal operating conditions.

The other traditional metric used for distribution analysis is the ampacity or thermal rating of

the physical conductors.€.,wires and cables) that comprise the distribution system. These

conductors can only carry a certain amount of current before their structural and physical

integrity begins to deteriorate. Again, they may fail or have their life shortened if asked to

carty to much currenbver an extended period of time. Short term overloads may be

permissible in emergency situations, but under normal circumstances they must be limited to
GKSANI OF LI OAGe NYGAy3Io {AyOS Ittt YGKS Iylrfeara
conditions, the maximum permissible load of any conductor is limited to 100% of its rating.

Any situation that results in loading higher than 100% of the conductor rating is indicative of

the need for mitigation.

There are additional metrics that céve used to evaluatéhe operational fitness of a

distribution system including:

1 System lossesthe percentage of the power that is delivered to the circuit that is
at2ad¢ +ta KSFG NIXRAFGSR FNRBY GKS O2yRdzOUG 2 NE
9 Violation hours per year The number of hows per year during which there is a

voltage or thermal violation in the system. Used to gauge the severity of a violation

and need for mitigation.

1 Violation miles per year The number of line miles of conductor that exhibit a violation

sometimeduring theoperating year. Used to quantify the mitigation costs.

1 Voltage Delta from Basgthe average value of the difference between the scenario

voltage profile and the base case voltage profile.

Because these concepts are not necessarily common knowledgede thutside the fielaf
electrical distribution planningVKE has included a series of illustrative examples to

demonstrate the concepts

WKE_042022_CMB_RP-01_Rev4 14
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A. Voltage Violations
One of the tools used to visualize the voltage performance of a particular circuit is
whatisréf SNNBR (2 Fa | a=+2f (lpBtSeadh M@vitldatp8iit 2 F (G K S

along a circuiti(e., poles, changes in wire size, loads, changes in topology, etc.), the
accompanying voltage, and the distance from the source of the cirtbiere is a

accompanyingJt 2 02 NBFSNNBR (G2 & F &/ ANODdzZAG tf20¢
physical geographic layout of each circliiixamples of each shownkigurelV-1 and

FigurelV-2 below. For referencea specific point has been identified on both plots.

Thebright bluedot in Figurel V-1 correspondgo the bright blue dosin FigurelV-2.

Voltage Profile - 1203-02
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Figure IV-1: Voltage Profile i Circuit 1203-02
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Figure IV-2: Circuit Plot 1 Circuit 1203-02

In this case, there are voltage violations, asBiase Aer unit voltage goes below

0.95less than a mile into the circuit

B. Thermal Violations
Thermal violations are not related to a specific point along a circuit, but rather a line
between twopoints(i.e.,the conductor between two points). In this case, any time
the conductor is loaded to greater than 100% of its ratthg,conductor is flagged as a
violation. This concept is illustratedkingurelV-3 below, wherethe individual phase
currents are above Line Rating shown in pihlote that there is a relationship
between the voltage plot and the current plot in that when currents are above their
rating, the voltage dropvasproportionally greater, and the resulting voltages

downstream are more likely to be in violation as well.

WKE_042022_CMB_RP-01_Rev4 16

















































































































































































