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EPRI is at the Forefront of Advancing Computer Tools
and Methods for Supporting Utility Grid Planners

= Utility grid planners require improved computer tools
— To assess benefits and impacts of solar PV, storage and other DER

» There have been advancements in commercially-available
tools within the last decade but gaps remain
— For both transmission grid tools and distribution system analysis tools
— Combined simulation of transmission and distribution

= This presentation gives and overview of recent and
continuing research
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Topics Addressed in this Presentation

* Transmission grid performance with renewables

» Probabillistic approaches to planning
— Planners are accustomed to static, deterministic analysis
— Ultility planners are often uncomfortable with probabilistic methods
* Renewable DER naturally requires probabilistic approaches

*» Modeling Storage for distribution planning
= Quasi-static time series analysis

" PV system modeling

* DMS modeling

* Dynamics analysis for microgrids
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Transmission Grid Tool Research
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Overview: Distributed Resources & Renewables
Integration to the Bulk System

DOE SUNRISE
Dist PV Integration Assessment

Resource Reliability Capablllty

Operatlonal Simulation Tools &AnaIyS|s
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Strategic Plan Development

Forecast Value & Integration

Reserve Determination

System Flexibility Adequacy
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Issue: Maintain bulk system operational reliability with large
penetration of non-synchronous resources

= Key Recent EPRI R&D Results _
— DER Ride-Through Req. White Paper / IEEE P1547 ([CUISIUER:CToJolo-a [t R (oM p o]e[<]

active distribution systems

Facilitation
— Reliability Contributions White Paper

— Analysis of voltage and frequency performance of
BES with DER

— Comparison of various modeling approaches for
DER in bulk system studies

= Current Work
— DER modeling in BES studies
— Transmission ‘hosting capacity’

— Frequency response with high levels of variable
generation

Value

» Understanding implications of

. . et Min vl of modeling detail
high penetrations of distributed PV inimum level of modeling detai

Data needs
« Bases for planning strategies for high AR G CrEater 6

penetration futures equivalent models
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Distributed Energy Resource Impacts on Transmission

DOE SUNRISE Strategic Evaluation of DER Impacts
Planning for Distributed PV on Transmission Performance

Models for Production
Reliability Simulation
Analysis & Model
Composite J Development
Load Levels & Testing

Flexibility
Analysis/
Adequacy

Feeder Feeder
Clustering & Hosting
Characteri- Capacity
zation

Utility Threat
Identification

Equivalent Representation

Strategic Plan Development

« Strategic plan & operational impact
analysis tools for integrating PV

 Southern Company & TVA . .
pany * Interconnection Recommendations

- Voltage, Frequency, Flexibility, and based on system studies
Operating Reserve Impacts

 DER aggregation for bulk system
studies and modeling guidelines
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Transmission Performance Impacts of Distributed PV
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Risk Based Planning

= Recent EPRI R&D Results Risk-Based Planning
— Load, Dispatch, & Outage e [
Uncertainty tool provides Planning conitonsy AN S

- 100 Occurence

case /probabilities

— TransCARE software provides
probabilistic Trans reliability

= Current Work 10
— Develop grid resiliency RegionLoa:(;M-HJé};’%‘ggww o
assessment framework « TransCARE analysis software
« Load, Dispatch, & Outage uncertainty
model for setting planning cases
Risk-based planning tools treat - EISPC Risk-Based Planning primer,
uncertainties to ensure reliability application, & R&D gaps whitepaper

and economic investment

lHluminate value of transmission
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Scenario Builder Tool to Determine Trans. Planning Cases
across Uncertainties

Network Model,
Gen. Merit Order &
Dispatch Price

Gen. & Trans. == Wind & Solar

Case 1. Select Starting RAW File

Outage Data ran [ Clpwa s Variability

Study Region Region A
Load Shapes
[2. Define Historical Weather Years [3. Define Economic Load Growth Uncertainty |
Wind/Solar/
Hydro Shapes Start Year 1990 Load Scalar  Probability
EndYear 2012 % 1%
100% 70%
Results 105% 15%

Load Variation

UnitName  Min Output (MW) Max Output (VW) Bus EFOR (%) Model Profiles?

‘wind Farm A o 125 1123 3.0% Yes
(We athe r) Wi rorms o w ma sow v

Gas Plant A 300 500 1111 3.5% No

Gas Plant B 280 450 6434 4.5% No
Solar Farm A 0 50 3254 2.0% Yes
Solar Farm B 0 75 326 2.0% Yes
Solar Farm C ] 20 3546 2.0% Yes

[5. Specify Profiles 5a. Load Profiles Sb. Unit Profiles

Weather Year Load Values Unit Weather Year Output Values

1990 8760 Wind Farm A 1990 8760 D d
1991 8760 Wind Farm A 1991 8760 | || e m an
1992 8760 Wind Farm A 1992 8760 | ||

1993 8760 Wind Farm A 1993 8760 | ||

Response

EP(2 | resekecr wsrinure
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Managing Uncertainty in Operations with high VG

Applications of Stochastic

Optimal Power Flow

Comparison of Load Following Up Requirements
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Comparison of Load Following Down Requirements
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« Determine operating reserves based
on uncertainty in wind/solar forecasts

« Advanced operational simulation tools
to investigate system operations

« Applying at CAISO and engaging
vendors
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Integration of Wind/PV
Forecasts iInto Operations

ALL METRICS - BOX PLOT
BAKUTT43

BOMNN3027 Site Name / Comp Time
GIZA2169 Alamo St. Hedwig
KANO4083

KOBE8145

LIMAZ2463

LYON1996

MESA4145

0OSL09582

PUNEG437

RIGAG629

%11111

« Evaluation of Wind/PV Forecast
accuracy and value in operations

 Methods to integrate forecasts into
key operations functions

e Use of Probabilistic Forecasts
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Planning Challenges of Renewable Integration

Future procurement must satisfy operating flexibility in addition to
traditional capacity requirements

Contingency Reserve
Frequency responsive,
spin/non-spin capability
1-in-2 peak I .
Flexibility Requirements
demand y q

regulation, load following
forecast — capability for forecast uncertainty
and intra-hour variability

Ramping Requirements
— Continuous ramping
or trough-to- peak shapeable capacity,
including ramping needs in above
normal weather conditions

Minimum Load Requirements

—
Base load, non-flexible capacity

Source: CAISO, Resource Adequacy Flexibility Workshop
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EPRI Flexible System Planning R&D

InFLEan

Flexibility
Assessment Tool

Flexibility
Assessment
Software Tool

* Flexibility metrics

» Screening analysis

* Detailed flexibility
evaluation
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0.30
- With Uncertainty

025 — Without Uncertainty
0.20
0.15 \

(1] 440 880 1320
Additional Capacity (MW)

Resource and
Transmission
Flexibility

* Resource adequacy

considering flexibility

* Transmission and
flexibility

« New resource types

Utility/ISO
Flexibility
Case Studies

* Insights as to time
horizons concerns

» Order of magnitude of
possible risk
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EPRI flexibility metrics for system planning

N
 Variability Analysis &

= Multi-Level Approach DI _
Flexibility Requirement

— Levels 1 and 2 ->screening

— Levels 3 and 4 ->detailed metrics 7
— Post-processed metrics based on . Resource Flexibilit A
simulated or historical data Calculation y
J
* Three detailed metrics: N
— Periods of Flexibility Deficit * System Flexibility
— Expected Unserved Ramping Metrics )
— Insufficient Ramping Resource
Expectation A

 Transmission and Fuel
Constrained Flexibility

= Currently benchmarking

various systems
— White paper available on epri.com
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Situational Awareness

Synchrophasor Appllcatlons
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Cost of Poor Alarm Management

Operator’s job: keep process running at optimal

performance target
plantstate | nuisance alarms standing alarms _~ missed alarms critical alarms priority
-

'| Precess

nomal [ = AT I

* poor control « feedstock expenses - more wear & tear « injuriesideaths
* energy waste « containment loss * equipment damage -+ ESD cut-in
- excess energy + environmental
violations
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Ops Visualization/Awareness

» Tools to identify most critical Op Limit
and recommendations for Op action

* Operator visualization/awareness of
equipment health & protection status

Improved Operator Awareness &
Decision Making

Improved Real-Time Assessment
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R&D effort to examine linking tools

domains

= System Is expected to change at a
faster pace than before

= Also greater change in resource
mix — Variable Generation,
Demand Response, Energy
Storage

= Consider impact of resource mix
changes on reliability and impact
of reliability constraints on
resource mix buildout

= Gaps in long term economics
Resource adequacy

— Flexibility
— Ancillary services
Reliable transmission

Distribution modeling

Figure 3
US Electricity Generation 2010-2050 by Generation Technology

across different
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How to passIreIevant infoIbetween high|level to detailed results??
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Distribution System Tool Research
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Impact of Smart Grid on Distribution System Analysis
(DSA)?

= \What DSA framework is needed to support all features of the
SG?

= Will there be a need for DSA if everything is monitored
thoroughly?

*\What could we do if we know more about the system?

= How will merging of planning, monitoring and DSE change
DSA tools?
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Key Smart Grid Features

= Distributed Resources
— Generation
— Renewable Generation
= Variable sources
— Energy Storage
— Demand Response
— Microgrids for Resilience
= Communications and Control
— DMS dynamically managing resources, voltage control, etc.
— AMI deployed throughout the system
— High-speed communications to Metering and Controls
— State Estimation

© 2016 Electric Power Research Institute, Inc. All rights reserved. EI E'
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DSA State of the Art

* Full 3-phase analysis
— Some can do more than 3 phases
* Primarily peak demand capacity problem
— A few perform QSTS simulations
» Tools designed for uniprocessors
— Mostly satisfactory for now
= Support for many SG features is still in embryonic stage
— Inverter modeling
— Storage modeling
— Probabillistic/Stochasting planning
— Dynamics analysis is hot common
— LV system ignored
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QSTS Simulations

= Particularly useful for Solar PV analysis

p.u. Loadshape = pv-1mw-1s-43073-pts :
1.00 ! I B6 Voltage Magnitudes, PU
0.80 "J
1.030 1
0.60
1.020+-|-
0.40 :
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U 1010
0.00 T . : : : : : : t ; ; ;
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Inverter Modeling

= Short circuit contribution and open-circuit overvoltages
remain an concern for distribution planners
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Storage Modeling
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EPRI vision

* Planning and DMS will converge into one set of tools
— (Real time monitoring/control and planning will merge)
— Emphasis of new EPRI research program

= Current research into modeling DMS algorithms ...
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Modeling DMS with Python-based “Sandbox”

OpenDSS
Engine

Script

Parameters:
relative importance
of each objective

Sandbox Module

* Interfaces with simulated
circuit model in OpenDSS

Distribution Management System
(Python Script)

Evaluate Trial Solutions

conformity to
objectives

* Monitors control actions
and can restore circuit to
original state after DMS
trial simulations

Identify possible
remedies
to simulate

» Simulates both field
circuit and test cases

* Tracks and records
results to output file over a
time-based simulation
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Together...Shaping the Future of Electricity
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