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Understanding the effects @i,
of a High Penetration of PV

= The accelerating growth of both Centralized and
Distributed PV presents numerous challenges.

= Utilities are confronted with an ever increasing number
and complexity of PV projects seeking interconnection.

= What methods and tools are utilities, consultants and
software companies using and developing to study the
effects of High Penetration of PV and overcome the
challenges?

= How do we plan for the future and focus our study efforts
on those interconnections with the greater risk?




Are There Penetration Limits? ) S,




Sandia

Grid Integration Challenge ) e

= Are high penetration scenarios technically feasible?
= What are the impacts and mitigation? What is the cost?

= How should we plan the grid to enable high penetration?
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Installed PV

> Residential and commercial
15.4 MW

» Utility Scale
22.2 MW

> 1.8% of system peak




PV projects to be evaluated

> Residential and commercial
34.3 \W
» Utility Scale

83.0 MW
> Manpower constraints



Impact Studies

> 6L Synergee program

» Use SCADA Min/max day light load
> Assume PV at maximum output

> Voltage impacts

> Equipment loading

> Voltage flicker

> Fault current



Impact Studies Issues

» Synergee does not have an inverter
model

> Voltage rise dependent on PV size
and distance from substation

> Equipment loading

> Substation LTC

> Voltage regulators

» Switched capacitors



Los Morros 5,000 KW PV
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Los Morros 5,000 KW PV
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Los Morros Substation with 5,000 KW PV
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Los Morros Substation with 5,000 KW PV
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Los Morros Substation with 5,000 KW PV

125.00

—
=
o o o o o o o o o o o o o o o o o o o o
X © ¥ 8§ & @ © ¥ 4 9 ® © ¥ § & @ © ¥ «& 9
< < < < < (32} o [e0] o o™ (o] o~ (o] o~ (o] i — — — —
(o] (o] N (o] N (o] N N (o] (o] (o] (o] (o] (o] N (o] N (@] N (o]
— — — — i - i — — — — — — — — — — — — —
DVLI1IOA NOILv1San

INd00:TT CT/9/€

INd 00:9 2T/9/€

INd 00:T 2T/9/€

NV 00:8CT/9/¢€

INV 00:€ 2T/9/€

INd 00:0T ¢T/S/€

INd 00:S 2T/S/¢€

INd 00:2T TT/S/€

NV 00:£ CT/S/€

WV 00:¢ ¢T/S/€

Nd 00:6 CT/V/€

INd 00:t TT/Y/€

NV 00:TT ZT/¥/€

NV 00:9 ¢T/¥/€

NV 00:T 2T/¥/€

INd 00:8 ZT/€/€

INd 00:€ TT/€/€

INV 00:0T CT/€/€

INV 00:S 2T/€/€

INV 00:2T 2T/€/€

e | TC upper limit

e | TC lower limit

Balanced voltage




Los Morros Substation with 5,000 KW PV
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Thank you
Questions?
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ETD's Services/ Products

Global
Areas

Strategy &
Planning

Power Systems

Planning

Design &
Engineering

Asset Management &
Inspections

Technical
Consulting

Smart Grid
Offerings

Due diligence
Market
changes
Investment
Decision
Market
simulations

Regulatory and
cost issues

Protection
studies

Dynamic
protection

&
construction support

AC and DC
substations, HVDC
converter stations

Dynamic line rating
Smart cable guard

HVDC converter
stations

Evidence assessment
Mitigation plan development

Compliance program
development

Power failure investigations

New maintenance strategies
Black start procedures
Testing in labs

www.dnvkema.com




PV Grid Integration Challenges

= Model Interaction

- PV & ES
- PV & EV
- High Penetration

= Control Schemes
- Variability

= Simulation Time Period

- Years
- Sub-Second



PV Grid Integration Challenges

= “Dynamic” Voltage Control
- Outage Condition

- Cloud Cover Mitigation
- Short Term
- Long Term

= Standards (IEEE 1547 & 519)

- Islanding & Micro-Grids
- Protection

= Economics
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Milsoft Overview

o Incorporatad jrn 1989, rlzadquarizars in Abilene, TX
- Compolete Engineering & Ooveraijons Product Line
— - T&D Cireuit Mocdzling and Enginaering Anaiysis (£4)
— Porche — Inigracijve Vojce Rasoonse (IVRR) Sofiware
— — T&D Gaospaijal Inforrnation Maooing Sofiware (G1S
— — Mobile View for irucks, field work
— rizld Enginzaring — Mrw Dasign/Staking Sofiwara

> Core &0 — Real-Tirme Ceniralized Server Datapase for all E&0O
aoolications
. — Over 1,200 elaciric coopearaiivas, utilitias, runicioals,

consufianis arcf Jf]!‘/v:‘b!fb



Difficulties/Barriers to Integration Studies



Difficulties/Barriers to Integration Studies

Transmission accumulaiad impadance modafad as umo Zsm limiis analysis
of ravarsa power flow imoacis on subsiation iransformar/OLTC, and
transmissior)

rlow imoortant js corract phasing and pnase iransposiijon, dogs conducior
spacing maitar, what ZIP modzal fo use jfor loads?

rlow important is iriolex and 1207240 Volt secondary mocdzlineg for disiripuiacd
rooftop PY?

Veriiy impadance modsz/ js accurata, Usa SCADA & AV daia jor validaijor

Lack of Irracliance daia for Iniermiiizncy

!f insolatior/weaainar stafjons ara not naaroy plannad PY olant localtjor),

ffmrrffrg variability bacomas mora challanging, diract ajfact or)
SVR/C avacitor opgrations. Racant orojact resuliad in 7 voit chanye
ovar 30 sacond iimea pariod (unity of inveriar)



Case Study Summer Load
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Case Study Feeder

Existing Regulator
Settings

Line SVR
Sub SVR LineSVR Reverse
Voltage 122 119 126
LDCR 0 5.7 0
LDC X 0 7.1 0
Time Delay 30 45 45
Bandwidth 2 2 2



Development Needs

- GIS-EA

Updaiz Convarsion Programs to incorporaia PY cornoonant daia

Wiin IEEE DG Test Faadears
Valjclate rasufis baiwaan all sofiwara vandors
-Tirmne
Inforrmatior frorn SCADA, AV rrnd Disirioutiorn Prnotovofiaje

monitorineg neaadead fo imorove sysisrn operations and planning for
nigner Jr*rwfrrrffon in future

May reduce ihe urgency for disiribuiion siaie asiimaijor)



Development Needs
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