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The U.S. Department of Energy’s
National Laboratory system
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Pacific Northwest National Laboratory
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Energy Mission Business Area:

Electricity Infrastructure
Electric power systems expertise
Research and development of tools
for enhancing electric power
system reliability, security, and
operational effectiveness
Electricity Infrastructure Operations
Center (EIOC), a national research
test bed
Real-time wide-area situational
awareness of the electric grid
through an integrated
measurement system
Analysis of large-scale renewable
integration to the existing grid
Advanced information, networking,
and cyber security for reliability
management services
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PNNL’s New Systems Engineering Building
Building
• LEED Gold Facility
• LED Lighting
• 2 Conference Rooms
• 4 Huddle Rooms
• Break Room w/
Indoor/Outdoor Seating
• Open Lobby
Research Showcase
• 2 Control Rooms
• Power Electronics Lab
• Interoperability Room
• Outdoor Test Pad
• Campus Control Center
• A ‘Living Laboratory’
Building
Staff Amenities
• Space for 58 staff
• Space for 16 visiting staff
• 3 EV charging stations
• 2 showers w/bathrooms
• Covered bike rack & repair station

5

Transforming the U.S. Energy System
PNNL’s Electric Infrastructure Research Agenda
System Transparency – Demonstrating enhanced measurement
technologies for wide-area measurement, enhanced situational
awareness, and real-time control
Analytic Innovations - Leveraging High-Performance
Computing and new algorithms to provide real-time situational
awareness and models for prediction and response
End-Use Efficiency and Demand Response – Making demand
an active tool in managing grid efficiency and reliability.
Renewable Integration – Addressing variability and uncertainty
of large-scale wind and solar generation and the complexities of
distributed generation and net metering
Energy Storage – Defining the location, technical performance,
and required cost of storage; synthesizing nanofunctional
materials and system fabrication to meet requirements
Cyber Security for Energy Delivery Systems – Defining
requirements for and developing technology to enhance
secure control systems
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Overview

Transmission Reliability
Technology Challenge

Our approach: Improve power system performance and transmission
reliability by extracting greater value from grid measurements and data.
Key elements include:
U.S. DOE‘s lead for the North American Synchrophasor Initiative (NASPI),
a joint effort with the North American Electric Reliability Council (NERC)
and industry to build out phasor measurement units (PMUs) across North
America, enabling increased situational awareness and control
Planning models validation through measurement-based analysis
Decision support tools for operators
Mode meter – uses PMU data to improve detection of grid disturbances,
enabling greater asset use and preventative measures; deployed in
Western Interconnection Synchrophasor Project

Enhance power system
reliability by
leveraging new
measurement systems
to provide wide-area
visualization,
monitoring and control

EIOC – providing utilities, vendors and researchers access to real-time
grid data for testing in realistic operations environment
Graphical Contingency Analysis

Impact: Mode Meter
If used in ‗96, the mode
meter would have provided
operators the necessary lead
Real-time power flow visualization
time (4-6 min)
torecommends
potentially
identifies/prioritizes
issues,
avoid
a $2B blackout .
corrective
actions

NASPI

North American SynchroPhasor Initiative
The U.S. Department of Energy (DOE) and EPRI are working together closely with industry
to enable wide area time-synchronized measurements that will enhance the reliability of
the electric power grid through improved situational awareness and other applications

April 2007

March 2015

“Better information supports better - and faster - decisions.”

8

Dynamic Contingency Analysis Tool (DCAT)
Goal: overcome the difficulties facing the power industry associated
with modeling severe event contingencies
Important for implementing NERC requirements for cascading failure
analysis.

DCAT status
Developed a hybrid dynamic and steady-state approach to mimic the
cascading failure process that includes both fast dynamic and slower
events
Partnership with ERCOT, Siemens (PSS/E) and EPRI (TransCare)
Integrated dynamic models with protection scheme models
Modeled special protection schemes, automatic and manual corrective
actions

Now initiating Phase II effort – broader industry outreach
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Visual analytics of massive contingency
analyses for real-time decision support
Current tabular format presents data,
not information

New visualization tool
displays prioritized risks

Graphical Contingency
Analysis Tool (patent)

Easy-to-interpret visualization of power flow data
Prioritizes areas of concern and recommends corrective actions
Operators reported 30% improvement in emergency response
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More accurate forecasting tools can
provide substantial economic benefits
A general forecasting capability based on a statistical framework
using Bayesian Model Aggregation (BMA)
BMA combines multiple prediction models to address inherent forecasting
uncertainties. By addressing these uncertainties, this ensemble-based
approach significantly reduces forecasting errors

Adopted in production mode with
excellent performance, potential
10s of millions of dollars savings
In a US DOE report to Congress
to demonstrate science
innovations benefit industry
R&D100 Winner

Comparison of SCH to BMA Forecasts for All Prediction Windows
78

80

Percent Reduction of Error
(Higher values indicate better BMA Performance)

Successful application to
prediction of Network Interchange
Schedules (NIS) at PJM
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Fast State Estimation captures the changes
and offers an opportunity to stop cascading
For the first time, the core function in control rooms – State Estimation –
can run at a unprecedented 0.5s speed (>20x faster)
September 8, 2011 Pacific Southwest Blackout
Event Interval (sec)
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When the event interval is less than
the ability to respond, there is a
cascading effect. This means that
the region of impact from the
disturbance is expanding.
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Today’s view, >20 sec
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Need for speed
improvement
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Sequence of Events

Being transitioned to BPA control center through a BPA-funded project
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On-line tool enables operators to assess risk
and take action (currently on-line at CAISO)
1
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Statistical analysis
Cumulative distribution function
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Probability of Exceeding Transmission Path Rating
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Addressing the Need for Grid Flexibility from
Distributed Assets: Transactive Grid Systems
The Problem:
Generation is rapidly shifting from centralized to more
distributed forms, and from being entirely dispatchable
to significantly intermittent and stochastic.
Operating such a grid with the reliability and affordability
society demands, will require new forms and vastly increased
amounts of operational flexibility.

The Opportunity:
To provide this flexibility at reasonable cost, much of it is expected
to be derived from distributed energy resources (DERs): responsive loads,
electrical & thermal storage, smart inverters, electric vehicle chargers, etc.

The Challenge:
How can we coordinate DERs to provide grid services when they are neither owned nor
controlled by the power grid operator?
Transactive grid systems coordinate DERs through transparent, competitive means
using real-time transactions involving prices or incentives to provide the feedback to
14
close the ―control‖ loop.

Harnessing flexibility to offset variability
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PNNL Future Power Grid Initiative
GridOPTICS™ – a suite of tools to enable three fusions:
Bridging operation and planning to enable more seamless
grid management and control
Remove overhead involved in communication between operation
and planning
Improve response when facing emergency situations

Integrating transmission and distribution in end-to-end grid
modeling and simulation capable of handling 109 devices with
uncertainty
Understand the emerging behaviors in the power grid due to smarter
loads, mobile consumption, and intermittent generation

Managing interdependency between power grid and data network (a
test lab for power grid data networking is being set up)
Enable ―all-hazard‖ analysis
Prepare grid operators and planners with the knowledge of data network
impact on the power grid
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Open source software tools as foundation of
GridOPTICS™
GridPACK™

Software framework
−
Enables access to
computers with
more memory and
processing power
−
Provides for
simulation of models
that contain vast
networks and high
levels of detail

VOLTTRON™

Distributed control
and sensing software
platform
−
Makes it possible to
build applications to
more efficiently
manage energy use

FNCS

Framework for
Network CoSimulation: a
federated cosimulation platform
−
Merges data
simulators with
distribution and
transmission
simulators to model
and design smart grid
tools & control

GOSS

GridOPTICS™
Software System—
a middleware
framework
−
Integrates grid
applications with
multiple sources of
data; enhances
development of grid
management
applications
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Control of Complex Systems Initiative
Develop deployable control solutions that have strong theoretical foundations, are
supported by a suite of design tools, and are validated in a federated test bed.

Initiative goals:
Theoretical applications
supporting novel control strategies
A toolkit for control design,
validation and deployment
A scalable simulation + hardware
test bed for evaluating control
approaches
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Context for Grid Modernization
Time of transition
System observability and controllability changing rapidly
Growth in intelligent devices at system‘s edge challenging traditional
paradigms
Complexity increasing due to variable generation, transition from coal to gas,
intelligent loads, natural phenomena, increased human risk

Public / private partnership viewed as fundamental to grid modernization
Industry increasingly challenged regarding R&D and long-term focus
Regulators challenged to innovate the traditional regulatory utility model
National Labs able to aim mid and long-term; support DOE leadership in
fundamental policy considerations

Utilities / Vendors are key stakeholders for guiding the translation from
discovery to commercial implementation
Important to DOE and Lab advisory groups to guide strategy
Vendors key partners in regional demonstrations and channel for national
benefit
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Grid Modernization Initiative
An aggressive five-year grid
modernization strategy that
includes
•
•

Alignment of the existing base
activities among the Offices
An integrated Multi-Year
Program Plan (MYPP)

•

New activities to fill major gaps
in existing base

•

Development of a laboratory
consortium with core scientific
abilities and regional outreach

NE

Other
Gov’t
OE
EPSA
FE

Institutional
Stakeholders

SC
S1

EERE

CFO

ARPA-E

Technology
Stakeholders
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One of the Grid Modernization Focus Areas:
System Operations, Power Flow, and Control
Advanced control technologies to enhance reliability and resilience, increase
asset utilization, and enable greater flexibility of transmission and distribution
Expected Outcomes
By 2020 deliver an architecture, framework,
and algorithms for controlling a clean, resilient
and secure power grid
leveraging advanced concepts, high performance
computing, and more real-time data than existing
control paradigms
Involving distributed energy resources as
additional control elements

Develop software platforms for decision
support, predictive operations & real-time
adaptive control
Deploy through demonstration projects new
classes of power flow control device hardware
and concepts
Advance fundamental knowledge for new
control paradigms (e.g., robustness
uncompromised by uncertainty)

Conventional controls

Distributed controls
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