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Design and Planning Tools
Summary

Objective
* Drive development of next- generation tools
that address evolving grid needs

Expected Outcomes

e Software framework to couple grid
transmission, distribution, and communications
models to understand cross-domain effects

e Incorporate uncertainty and system dynamics
into planning tools to accurately model
renewables, extreme events, etc.

e Computational tools, methods and libraries that
enable 1000x improvements in performance

Federal Role

e Attack strategic gaps in tools capabilities
e Partner with industry to demonstrate value
e  Work with vendors to transition to practice

Peak Performance (TFLOPS)
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Activities and Technical Achievements &Y
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Technical Achievements

HELICS-sre [ examples | Cppinterface | nonlings_fed.cpp

Activity

by 2020

1. Scaling Tools for
Comprehensive
Economic
Assessment

Enhance performance of
stochastic production cost
modeling from 100 to 10,000
transmission nodes; expand to
include distribution system.

2. Developing and
Adapting Tools for

Scalable simulation framework
that couples transmission,

Improving distribution, and

Reliability and communications systems for

Resilience integrated modeling at regional
scale.

3. Building * Scalable math libraries and tools

Computational for enhanced analysis; co-

Technologies and
High Performance
Computing (HPC)
Capabilities to
Speed up Analyses

simulation frameworks to
support coupling of tools and
models, uncertainty
guantification, and systems
optimization.
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modeling simulation and analysis software

Layers Components

mwmmes Electrical Flows

User Interface | Scenario Gen. | Configuration ] Automation | Visualization ’

Simulators |1 D GridLA B-D C Ml ? +
.‘ T L |

( TDC-Optimized Interfaces

Federate/Object Event SchedulerTime
Management Communication Synchronization

Users

HLA | FMI

Application

' B Distributed Object Distibuted Time ||
Core Serialization Store Synchronization
- T

: Communication
1'ran§mission === Distribution =“ =+ Customer -
~ >

'
53 e |
N N Platform ‘
¥ " MPI _ ZeroMQ »
B LinuxiUnix < Windows |

NIST Smart Grid Framework 1.0 January 2010

Developers

: <%
. Generation , =

Create HELICS™, an open-source co-simulation platform, enabling
Interactions between leading commercial & lab developed simulators on a
wide range of computing environments (HPC to laptop).
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GMLC Multi-scale PCM project developed ) GRI
scalable algorithms used for deterministic ’///7/\%’4
and stochastic production cost modeling )
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time reduced from one year to PCM as an open source
about one week on an HPC tool (i.e., Prescient)
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GMLC Extreme Events project developed
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new methods for modeling of cascading i GR
events and contingency analysis
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GMLC Computational Science for Grid -~
Management project developed new Tl GR
math libraries for grid modeling
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Program-Specific Projects

Transmission

GMO0111 - Protection and
Dynamic Modeling, Simulation,
Analysis, and Visualization of
Cascading Failures (Lead:
ANL)

GMO0074 - Models and methods
for assessing the value of HYDC
and MVDC technologies in
modern power grids (Lead:
PNNL)

WGRID-38: North American
Renewable Integration Study
(NARIS) (Lead: NREL)

SI-1631: Assessing the Value
and Impact of Dispatchable
Concentrating Solar Power in a
SunShot Future (Lead: NREL)

|

Distribution

GMO0057 - LPNORM: A LANL,
PNNL, and NRECA Optimal
Resiliency Model (Lead: LANL)

SI-1545 - Rapid QSTS

Simulations for High-Resolution
Comprehensive Assessment of
Distributed PV Impacts (Lead:
SNL)

SI-1756 - Visualization and
Analytics of Distribution Systems
with Deep Penetration of
Distributed Energy Resources
(VADER) (Lead: SLAC)

SI-1639: System Advisor Model
(Lead: NREL)

=
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Multiple Domains

SI-1625 - CyDER: A Cyber Physical
Co-simulation Platform for
Distributed Energy Resources in
Smart Grids (Lead: LBNL)

GMO0229 - Integrated Systems
Modeling of the Interactions
between Stationary Hydrogen,
Vehicle and Grid Resources
(Lead: LBNL)

Load Modeling

GMO0094 - Measurement-Based
Hierarchical Framework for Time-
Varying Stochastic Load Modeling
(Lead: ANL)

GMO0064 - Open-Source High-
Fidelity Aggregate Composite Load
Models of Emerging Load
Behaviors for large-Sale Analysis
(Lead: PNNL)

| 10



DOE is developing the North American /,§:\\//, GF

////_= MODERNIZATION INITIATIVE
Energy Resilience Model (NAERM) WE s
Vision - Rapidly predict
energy system

interdependencies,
conseguences and . ; '
responses to extreme =
events at a national scale

Mission - Develop and
deploy engineering-class

modeling system for
planning and real-time
resilience analysis

U.S. DEPARTMENT OF

ENERGY



Workflow for NAERM enables analyst to
understand impact of threats/hazards
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NAERM is a “toolbox” of interactive, ), GR
modular software elements WS [oosruzarion nATve
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NAERM is federating a suite of tools and = GRI
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Threats

N-k Contingency Analysis
(across multiple infrastructures)

Dual-Fuel Generation

Operator Actions

e ) PowerWorld, PSLE, PSS/E, etc.
PowerWorld, PSLF, PSS/E, etc.
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NAERM models will host range datasets to

drive the models
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Threat/Hazard Data

Historical outage data
Weather prediction (NWP) data
Data from DaD, IC, USGS, DHS, etc.

Natural Gas System Data

NPMS
FERC 567
EIA 176
Ete...

Bulk Electricity.

System Data
El ERAG/MMWG
WECC
ERCOT
EIA 860
Etc...

Database Architecture

Economics and
Resilience Data

Restoration and recovery data
Dual fuel, ete.
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Natural Gas System Model

NGfast
GasModel.jl
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Bulk Electricity System Models

PSSE PowerWorld
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Natural gas — bulk electricity system use -
case demonstration as a starting-point for /’//77\\—5
integrating multiple models -
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NAERM is developing additional use cases =\
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DOE submitted report to Congress prowded,//;\,,, G|
the high-level strategy for NAERM QS e
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Final thoughts for the panel e GRID

Validation, verification, and uncertainty
quantification is a key challenge

Need a conference strategy for bringing

vendors, users, and R&D together A

ASSESSING THE RELIABILITY
OF COMPLEX MODELS

A A\ Marenancal anp Stansncal Fouranons

Realizable strategies for access of data i Bl < Vorcoon vhero e

Unicertammy QUANTFICATION

Software engineering for building multi-
disciplinary teams is critical

2012, National Research
Council: Washington, DC.
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