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e 3:00-3:05 p.m.: Welcome & introductions
e 3:05-4:05 p.m.: Expert presentations and Q&A
o Enrique Chacon, Electric Power Engineers
e 4:05-4:25 p.m.: Small group discussions
o 4:25-4:30 p.m.: Wrap-up & next session: Modeling
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Distribution Modeling Overview

Distribution Model (Power Flow Model):
Digital representation of the distribution
network’s connectivity and demand

The modeling process uses
known/measured information to
determine unknown values or to study
the effects of proposed system changes

Types of modeling

- Distribution planning

- Protection & coordination

- Subtransmission / networks

- Dynamics (emerging)
Accuracy of the underlying models
significantly impacts study results

Synergi Electric Sample Model and Interface
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Distribution Modeling Tools by Purpose

Distribution Planning Protection & Coordination Subtransmission /
Networks
SYNERGI™ ELECTRIC = ASPEN
INTERNATI.DNAL 'IE ’ o
¢etap

M|L50FT>§%

Utility Solutions

PSS®CAPE (@) PowerWorld
SILEN
2 PSS®SINCAL

Most planning
tools also
include
protection /
coordination
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Distribution Planning Modeling Process and Resulting Studies

Core Concept: Establish the baseline truth/state, and then
make hypothetical changes to understand needs/changes

Types of analyses where models are used
0 Voltage Drop / Power Flow

DER Interconnection

Contingency Analysis

Switching

0
0
0
0 Voltage Optimization
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Modeling Process Flow

Clean/

Update |-g
Data "o

Execute Results and
Study Reporting

Collect Input Initial Model

Data

J 9
1
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Data Inputs for Modeling

Power Flow
Measurements
(SCADA/AMI)

Components, Environmental
Connectivity, DEVF!
and Settings (Temperature /

(GIS) Irradiance)

Distribution
Modeling
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Component Information

Includes source(s), lines, devices, and similar
components

A Geographic Information System (GIS) can provide
specific component type, connectivity, and location
data

Modeling softwares typically use an equipment
database for component nameplate information such

as ratings and impedances

Engineers may model a transmission source and
substation or a singular feeder node to represent the
source
o Source modeling can have a significant impact
on study results (Thevenin Impedance, Voltage)

ENERGY TECHNOLOGIES AREA

Subtran: Ship sub 2

Large customer
Spot load

BC<=>Q
® Edit general subtran properties
Volts / Chms
Node
Sub. tran. id:
Rates
Region:
Info =5
Planning area:
Log
Substation:
Results
Note:
AMS link:
ZIP code:
Last saved:
Saved by:
Built:
Properties
Multiplier
Distributed load
Generation

Ship sub 2 iy
Cumberland v|
| shi vl
| Shippensburg v}
|
4
09:18AM on December 28, 2016
Trussell
07:03AM on December 17, 2009
Color: v
1.00 [ Display on load
1.00
1.00 L-G fault Ohms: 20.07
1.00

[ Growth curve:

Unknown

Climate zone:

Connection
Nominal kV (kVLL):
Connection:

Ratings

Summer  Winter
Cont amp: 00] ‘ 0.0
Emer. amp: 0.0} 0.07

Transmission bus

[ Tie to transmission bus

Bus id:

<

PV distributed generation
[] Feeder is saturated

Hosting capacity MW: \—00[
00]

Remaining cap. MW:

<

Urban

[JLoaded as adjacent subtran

© Fpply | | X Cancel

Synergi Electric Sample Model Source Settings Interface
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Load Data Sources

A Supervisory Control and Data Acquisition
(SCADA) system can provide load and voltage
measured at the substation and at line devices

An Advanced Metering Infrastructure (AMI)
system can provide customer metered demand

data

Forecasted load growth data is typically
developed and maintained separately

GIS can provide customer connectivity to the
correct distribution transformer and phase

Accurately modeling large customers with high
demand is important because they have a
significant impact on study results

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS Division

2
Custgmers

Feeder
Head
(SCADA)

4
Customers

Customer connectivity to
distribution transformers
has a significant impact on
results

Customers

A BC
Phases
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Modeling DERs

DER generally modeled as stand-alone
components in distribution models
Depending on utility conventions, may be

Distribution Actual
System Configurati

modeled on primary (separate from load meter o
point)
Modeling DERs is complex due to the
variable nature of certain distributed Distribution Common
generators — for example: System Model

- Solar generation will only produce Configuration

when sunlight is available
- Behavior of energy storage systems

may be difficult to predict (depends * Must be careful not to double count
on use case) generation during model set-up
o Generation embedded within meter
data

Engineers must also consider and stud -
gn y o Explicit DER model may be separate
».DER impact on fault current and protection "
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Model Source Interoperability

Middleware - Software to feed data and information from relevant sources into
the model

Modeling software vendors provide tools or scripts to pull data from multiple
sources and translate into a viable model
- e.g., CYME Gateway

. This can be a highly complex process due to the amount of data that must be
transferred from different sources
. GIS
. SCADA
. AMI
- DER Application Management Solution

15
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Model Setup

Load Allocation

The process of distributing the measured load
at the feeder head across the meter locations
within the model to enable power flow studies

Multiple methods using varying data sources
Connected Capacity
Billed kWh
Actual Demand (AMI)

Inputs
Load data at the substation / feeder head

Source voltage

Line distances, configurations, and
impedances

Settings for line devices
Load data and/or factors for customers
Types of customers

Aggregated Load
and Source

Vovge

Substation

Distributed
Load

Large Loads or
Primary Meters

Line
Devices

Small Ctmermal

and Residential
Customers

Commegl and

Industrial
Customers
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Load Allocation Method - Connected Capacity

Transformer 1

Example: A simple circuit with 5
transformers and their ratings

» Circuit Aggregate Measured Demand:
1,000 kVA

* Aggregate Connected Capacity: 2,000 kVA

* Allocation Factor: 0.5

Rated: 200 kVA

Allocate: 100 kVA

Transformer 2
Rated: 500 kVA

Allocate: 250 kVA

Transformer 3
Rated: 300 kVA

Allocate: 150 kVA

Connected kVA: Relative

size of service transformer

Head of Circuit
Aggregate measured
demand: 1,000 kVA

Demand: Power delivered
during modeled time
shapshot

ENERGY TECHNOLOGIES AREA

A

Transformer 4
Rated: 600 kVA

Allocate:300kVA

Transformer 5
Rated: 400 kVA

Allocate: 200 kVA
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Load Allocation Method — Billed kWh

Customer 1 Customer 2 Customer 3

Example: A small circuit with 5 Billed: 892 kWh Billed: 520 kWh Billed: 967 kWh
customers and their billed total k\Wh for
the month Allocate: 6 kW Allocate: 3.5 kW Allocate: 6.5 kW

+ Circuit Aggregate Measured Demand: 25
kW

* Hours in 31 Days: 744

* Allocation Factor: 0.5

Head of Circuit
Billed kWh: Amount of
energy used in one billing Aggregate measured *
cycle demand: 25 kW
Demand: Power delivered Customer 4 Customer 5
during modeled time Billed: 595 kWh Billed: 744 kWh
snapshot

Allocate: 4 kW Allocate: 5 kW
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Load Allocation Method — Actual Demand

Customer 1
Meter: 24 kW

Customer 2
Meter: 14 kW

Customer 3
Meter: 26 kW

Example: A small circuit with 5
customers and their metered demand

» Circuit Aggregate Measured Demand:
102 kW

Allocate: 24 kW

Allocate: 14 kW

Allocate: 26 kW

ENERGY TECHNOLOGIES AREA

Head of Circuit

Aggregate
measured
demand: 102 kW

A

Customer 4
Meter: 16 kW

Allocate: 16 kW

Customer 5
Meter: 20 kW

Allocate: 20 kW

ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS Division | ENERGY MARKETS & PoLicy
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Load Allocation Methods

Connelgntettil1 Céapacity Billed kWh Method Actual Load Method
etho Demand measured at the head of Demand is allocated to each load
Demand measured at the the circuit is distributed across proportionally to their metered
head of the circuit is . . ,

distributed across the circuit the circuit proportionally to the demand and adjusted for load
proportionally to the amount of kWh consumed at factor

connected capacity with an

. the relevant location
applied load factor

* Monthly customer billed kWh

Service transformer ratings data oft 3 clu Limitatior.1$

often used as connected L « Requires AMl interval data

capacity values availability and the ability to connect the
» Relatively good historical interval database to the

Limitations method for determining modeling software

Actual load is not always relative loading + Potential to “overfit” — Actual

proportional to the snapshot is not necessarily

transformer. rating Limitations representative of future

ér?(t;g;l(éggfsnugmapr;%rc]:ustomer + Less effective for time-series conditions

behavior varies across the analysis (no change in

circuit proportions)

* DER reduces accuracy
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Power Flow Analysis Circuit with Balanced

Load

Power Flow

Power flow (also referred to as load flow) analysis is used to
determine the voltages and currents during steady-state operation
of an electrical power system

Protection Analysis

Protection studies are based on the response to short-circuit Phase Phase Phase Total:
conditions (fault current) ) ) )

| : . — : . A: B: C: 300
ncludes protection device coordination and location studies, as

well as arc flash studies 100 kW 100 kW 100 kW kW

Balanced vs Unbalanced Power Flow Circuit with I
Power flow can be performed using a balanced or unbalanced ircuit with Unbalanced

load Load

The distribution system is generally unbalanced, meaning the
load across the three phases varies

Using a balanced power flow forces the system load to be
balanced evenly across the phases

Used when GIS connectivity and phase mapping is
unreliable

Does not properly represent single-phase laterals
Results are more conservative than for unbalanced power Phase Phase Phase Total:

flow
A: B: C: 300
100 kW KW
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Time Series Power Flow

Curtailment (MWh) Weekday Graph
‘ an Feb Mar r Ma un ul u e ct Nov Dec
Time-Series Analysis (576 / 8760) [ooawt
«  Power flow is run many times ErryTY
covering hourly variations over a 400 M
year [6:00 AM 172 212
[7:00 AM . 1163 1136 1238 715 526 160
* More complex to setup/analyze £:00 AM ” 1210 744 212
due to the volume and accuracy of | = 068 L
data [11:00 AM 1063 900 892 326  0.09
. . [12:00 PM 1276 825 841 313 032
G A 576 anaIyS|s consists of two [1:00 Pm 1330 1550 447 859 560 167
2:00 PM 0.49 1076 606 852 823 294 0.5
24-hour days per month for a year [3:00 Pm 927 1176 438 705 536 049
i [ 4:00 Pm 292 966 405 467 164 164 008
*  Monthly peak and minimum | = =
loading [6:00 PM
7:00 PM
Monthly weekend and [8:00 PM
y [9:00 Pm
Weekday [10:00 P™
« An 8760 analysis consists of (L0 E
analyzmg every hour of the year Example of 576 Results Showing Hours and Amount of Curtailment of

, Flexible DER
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Training Resources:

- Milsoft Distribution Modeling Training for Windmill:
https://vimeopro.com/milsoft/engineering-and-analysis-ea-tutorials/video/461989054

- Utility engineering manuals and distribution planning standards

Software Vendor trainings (generally only if software is purchased)
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Assumptions Within Utility Planning and Modeling
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Overview

Distribution planning and modeling rely on and incorporate assumptions and results from other
processes, including:

Equipment Ratings — Assumed equipment thermal capacity ratings and their impacts on capacity
planning

Solar PV Performance & Capacity Impact — Estimating PV output profiles and their dependability as
distribution capacity resource

Distribution Load/DER Forecasting Allocation — Modeling techniques for translating adoption
forecasts into specific locational circuit/substation impacts

27
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What is Distribution Capacity?

Distribution Capacity: The amount of load that can be supported before equipment exceeds its rated
value

eoten IR T T T

| Substation
| Transformer 4.7: Feeder #Z-1 Transformer 14 MVA 15 MVA
| (Rated 14 | k/lo\?:' 0 Feeder 13 MVA 5 MVA No
| MVA) | Breaker
—.—l— Feeder #Z-2 Feeder Exit 8 MVA 5 MVA No
| % Load: 5 Cable
I VA .
| Feeder Exit Cable
|/ (Rated 8 MVA)
—.—l— Feeder #Z7-3
Load: 5
— — )
Substation Z f_ MVA

Circuit Breakers
(Rated 13 MVA)

{
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How are Equipment Ratings Determined?

Moving energy through equipment creates heat, which builds up, raising equipment temperature

Equipment ratings are generally based on the allowable maximum operating temperature
before significant degradation of performance or risk of equipment failure

n Ex: 65°C Rating on Transformer Insulation
0 Ex: ANSI C57.91 Standard for Oil-immersed Transformer and Regulator Ratings Calculations

Equipment ratings (in units of MVA or Amps) are calculated based on factors that influence
temperature rise and temperature withstand capabilities, such as:

0 Ambient Temperature Assumptions
1 Equipment Heat Dissipation Dynamics — Fans, Wind, Oil Circulation, Multiple Cables, etc.
1 Conductor Sag Limitations (for Overhead Wires)

Rating Calculations vary by equipment type and are often stated by the manufacturer

30
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Types of Equipment Ratings

Many different ratings may be used for the same equipment by varying the calculation
assumptions for different types of expected conditions

Because heat builds over time, equipment ratings for limited durations can allow for higher ratings
o Normal Rating: Loading level which can be sustained indefinitely without equipment damage

o Emergency Rating: Loading level which can be sustained temporarily for specific durations during
outage restoration or other contingency scenarios (ex: 2-Hr, 4-Hr, 8-Hr, 12-Hr, 24-Hr, 48-Hr)

o Utilization and duration of emergency ratings vary significantly by utility

Seasonal changes in ambient temperatures allow for corresponding seasonal ratings
1 Summer Rating: Rating developed using highest expected summer ambient temperature

1 Winter Rating: Rating developed using expected winter ambient temperature

0 Utilities with summer-peaking systems may not utilize winter ratings due to lack of historic need

31
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Impact of Increasing Peak Temperatures on Equipment Ratings

- Extreme heat events are

increasingly severe, with peak 5
temperatures expected to 4 ?
continue increasing 5 s
(See Right) S | % "‘
) 4
12 |t
- Ambient temperature ge e
assumptions during summer peak T Sl
. . = 3‘
may need to be adjusted, which 4

will reduce rated capacity

10

TJune 15June 1July 15July 1 August 15 August

- Ex: Duke Energy T&D Climate
Resilience and Adaptation Report

32
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Solar PV Performance and Distribution Capacity Impact
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DER Impacts on Capacity Planning - Terminology

Key Terminology:
> Net Load:
1 Amount of load measured at a given point (e.g., Net Vs Gross Load Illustration
feeder breaker) 12
- Hidden Load or Masked Load: 10
1 Amount of local DER production offsetting local 8

loads that would otherwise flow through
substation/feeder equipment

4
- Gross Load or Native Load: 2 A
o Total amount of load operating, with estimated '
“hidden” or “masked” load added back 1 23 4586 7 8 9101112 13 14 15 16 17 18 19 20 21 22 23 24
1 Gross = Net Load Profile + DER Profile e et Load — smsm=PV Production Profile  esss=Gross Load

34
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DER Capacity Planning Practices

Desert Region Seasonal Profiles

Typical Practice #1: Plan to Gross Load

Desert

0 In effect, assume no DER production at peak and no DER
capacity contribution
Typical Practice #2: Plan to Net Load
0 In effect, assume the current level of DER production will o .
OCCur at peak in future years 0% 0123 456 7 8 9 10111213 141516 17 18 19 20 21 22 23

— Winter Spring Summer Fall

1 Embedded DER capacity contribution

Metro West Region Seasonal Profiles

Metro West
Emerging Practice: PV Dependability
o Estimate the degree of “reliable” PV production o
0 Results in a non-zero capacity contribution if peak load -
occurs during daylight hours o
0 Result: Planned Net Load or Planned Peak Load o /\
0 Planned Peak = Gross Load - Dependable PV o / D

012 3 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23

= Winter Spring Summer Fall

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS Division | ENErRGY MARKETS & PoLicy

SCE Dependable PV Workpaper (Pg. 84-90): https://docs.cpuc.ca.gov/PublishedDocs/SupDoc/A2305010/7166/528468078.pdf



https://docs.cpuc.ca.gov/PublishedDocs/SupDoc/A2305010/7166/528468078.pdf

Input Data Sources, Assumptions, and Challenges

- Measured SCADA data or actual historical
data is preferred where available

Day-to-Day PV Variation
- Synthetic data sources such as NREL'’s 12000
PVWatts use “typical meteorological year” 10000
data, which are not synchronized with actual
local variations in temperature/weather
0 Day-to-day variations may mis-align with actual
production on peak days

8000

6000

PV Production

4000

2000

- Granular estimates of PV performance from 0
15 16 17 18 19 20 21 22 23 24

12 3 45 6 7 8 9 10 11 12 13 14

historical weather can be challenging (volume, Hour

locational specificity) —614Data =6/15 Data
PV Watts Data Variability lllustration - Summer

36
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https://pvwatts.nrel.gov/
https://pvwatts.nrel.gov/

SCE PV Dependability Methodology

Desert Region Seasonal Profiles

Uses actual measured behind-the-meter PV data Desert

to develop profiles

Different Profiles by Geographic Region /\

Hourly profiles by Season - Summer, Winter’ 0%0 12 3 4 5'6 7 8 9 10 11 12 13 14 15 16 i7 18 19 20 21 22 23

S p ri ng , Fa I I — \Vinter Spring Summer Fall

Metro West Region Seasonal Profiles

Metro West

Uses 10" percentile for PV performance in

45%

15-minute increments

15%

10% 4

5% / A

0% ¥

012 3 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23

——Winter == Spring Ssummer Fall
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https://docs.cpuc.ca.gov/PublishedDocs/SupDoc/A2305010/7166/528468078.pdf

Dependable PV Profile Development - Percentiles

- Aggregate hourly PV profiles for the
season by “hour”

0 Ex: Group all the “Hour 12” Values for all days
from 6/1 to 9/31 for Summer Peak Calculations

Summer PV Profiles by Relative Confidence

12

0.8

- Calculate “percentiles” of performance
(per unit) for each hour for varying
degrees of dependability
0 10" Percentile (Used by SCE Methodology)

0.6

04

Relative Prodcution (% AC Nameplate)

Use by scaling per unit performance for
individual feeders/substations based on © 1 2 s 4 5 6 7 8 5 W M L L oW1 VI8 20 2 2
total nameplate PV o

e Max Envelope s 5th Percentile  emmmmm=0th Percentile e 20th Percentile e Average e Nameplate

38
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Translating Top-Down Forecasts to Feeder/Substation Impacts

Top Down
. Transmission: Typically uses a top-down system-level peak @
load allocated to transmission nodes
0 The top-down ISO or corporate forecast might or might not include DERs
1 Coincident forecast with various assumptions (weather, EV, etc..)

- Distribution: Typically uses local load forecasts
. . D D D D D D
0 The. bottom-up forecast typlgally |ncluldes new known local customer
business load growth and might or might not include DERs
1 Peak Forecasts are Non-Coincident with weather assumptions ﬁ - 3--O---C

Bottom
Up

W

40
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DER Disaggregation Techniques

Allocates system-level DER
forecast to individual circuits using
specific local distribution data

* Proportional to Load

* Proportional to # of

Customers

* Proportional to Existing DER
Another approach is to use
adoption patterns of one
technology (e.g., PV) to drive
adoption for another (e.g., energy
storage)

Propensity models use customer
characteristics to compute a
propensity score. Based on the
score, a fraction is computed as the
ratio of the score for that area
divided by the sum of scores
across all areas.

For example, the propensity model
can be estimated using ZIP code
data where the models relate
historical adoption to customer
characteristics in each ZIP code.
Statistics- based (Regression and
ML)

This uses a bottom-up adoption
approach based on adoption
patterns and estimated adoption
model parameters.

These models are S
Curve-based. They forecast
technology adoption based on
characteristics of early adaptors,
market factors, and adoption
rates, applied to the remaining
potential.

Source — Forecasting Load on Distribution Systems with
DERs

e
e | & | infcction 1 3
o Point ol
- 3 S
C o S
% £ ®© a
. - 52 2
i3 Lo a | c
H A » =
L /4 = A &
. 7 5 | :_6
. P Y/ 1
7 5
) . e st
Vear e |ncremental Adoption (Units/Year)

= a1 sn2 == Cumulative Adoption (Total Units)

Generalized S-Curve Model

PGE Propensity Scoring Results Source SCE DFWG Progress Re

Solar PV Locational Adoption PGE

=
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https://assets.ctfassets.net/416ywc1laqmd/46I2n65SyTv3TUMMdq1l55/a993aebb7b7a84ebd3209d798454a33a/DSP_Part_2_-_Chapter03.pdf
https://drpwg.org/wp-content/uploads/2018/07/R1408013-et-al-SCE-DFWG-Progress-Report.pdf
https://eta-publications.lbl.gov/sites/default/files/6_-_sigrin_forecasting_load_with_ders_1.pdf
https://eta-publications.lbl.gov/sites/default/files/6_-_sigrin_forecasting_load_with_ders_1.pdf
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Disclaimer

This document was prepared as an account of work sponsored by the United States Government. While this document is believed to contain
correct information, neither the United States Government nor any agency thereof, nor The Regents of the University of California, nor any of their
employees, makes any warranty, express or implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by its trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof, or The Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any
agency thereof, or The Regents of the University of California.

Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer.

Copyright Notice

This manuscript has been authored by an author at Lawrence Berkeley National Laboratory under Contract No. DE-AC02-05CH11231 with the
U.S. Department of Energy. The U.S. Government retains, and the publisher, by accepting the article for publication, acknowledges, that the U.S.
Government retains a non-exclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this manuscript, or
allow others to do so, for U.S. Government purposes
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Contacts
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Blee@epeconsulting.com
Enrique Chacon
echacon@epeconsulting.com
Lisa Schwartz
Icschwartz@lbl.gov

For more information
Download publications from Energy Markets & Policy: https://emp.Ibl.gov/publications

Sign up for our email list: https://emp.lbl.gov/mailing-list
Follow Energy Markets & Policy on Bluesky: @BerkeleyLabEMP.bsky.social
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Breakout Rooms

e Two breakout room options
o Modeling Tools
o Assumptions in IDSP Modeling

e Once breakout rooms open, please click ‘join’ next to the
option you would like, and you will be taken to your
breakout room
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