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WHY GRID MODERNIZATION.?

The existing U.S. power system has served us well...
but our 215t Century economy needs a 215t Century grid.

Security Threats
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Extréme Events ~_New Markets
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GROWTH IN VARIABLE RENEWABLES

Land-Based Wind Power
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Notes: 1 gigawatt (GW) = 1,000 megawatts (MW). All costs shown are inflaton adjusted to doilar year 2014 and
exclude the production tax credit (PTC). Wind capacity as reported by market reports.” "Wind Cost” represents
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Source: DOE “Revolution Now”, 2015
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NEW CUSTOMER DEMANDS

Solar PV: Distributed Generation
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OKAY ...

NOW WHAT 2!
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THE GRID OF THE PAST

Generation Delivery Customer

Source: EPRI, 2009
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THE GRID OF THE FUTURE

Generation Delivery Prosumer

Source: EPRI, 2009
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DOE GRID MODERNIZATION_INLLIALIVE

An aggressive five-year grid
modernization strategy for the
Department of Energy that includes

--------
u

 Alignment of the existing base
activities among DOE offices

An integrated Multi-Year
Program Plan (MYPP)

New activities to fill major gaps
in existing base

Development of a laboratory TEChHOIOQY‘
consortium with core scientific "~-"’”St’t“t’°"“’ St“k9hd7def s

rers . SIakehoIders :
abilities and regional outreach

-
v
.............. Jumnw,
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GRID MODERNIZATION VISION

e A future grid that will solve the
challenges of seamlessly integrating
conventional and renewable
sources, storage, and central and
distributed generation.

* The future grid as a critical platform
for U.S. prosperity, competitiveness,
and innovation in a global clean e '

odernization
energy economy.

e A future grid that will deliver Sustainable Affordable
resilient, reliable, flexible, secure,
sustainable, and affordable
electricity to consumers
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GRID MODERNIZATION MULTLI-YEAR.PROGRAM PLAN

http://energy.gov/downloads/grid-modernization-multi-year-program-plan-mypp

Foundational R&D s,
Devices and Regional
Integrated Systems | Demonstrations
Sensing and

Low Reserve
Margin Demo

Measurement

System Operations ’ ;

and Control | Clean .

‘ Distribution T : i
Design and Planning ~ Feeder ] = ‘
Tools
Grid Analytics aﬁ;&wmhﬁoﬂm
Security and Platform ear Program
Resilience "

Institutional Support
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GRID MODERNIZATION LABORAIORY. CONSORTIUIM
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DEVICES AND INTEGRAIED SYSTEMS

Characterization and testing of energy technologies for providing grid services
to improve system affordability, reliability and sustainability

Expected Outcomes

 Develop new grid interface devices to increase
ability to provide grid services and utilization

* Develop common interoperability and
interconnection standards and test procedures for
industry / vendor community

* Validate secure and reliable grid operation with
high levels of variable generation at multiple scales

Energy System
Samulator

. ' 4 -
Current Projects i B b 1y
* Develop advanced storage systems, power | 1 e I
electronics, and other grid devices; (7] oo | Gnerrest [[[ 13| SOnaerrese

academic testing and validation facilities;
 Develop common standards and test procedures;

* Create a single network of Laboratory and % 4 | .

e Publish a library of device models for emerging grid w".‘iii"jl |EER
components; and Physical i [Communication®
Ch."-l(leri‘:.!lfon e lnk:rnf\\.‘::l:‘r::l::v et
e  Conduct multi-scale system integration and testing i e :
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SENSING AND MEASUREMEN.L

Sensor development and deployment strategies to provide complete grid
system visibility for resilience and prediction

Expected Outcomes

* Advance and integrate novel, low-cost sensors to
provide system visibility

* Incorporate new data streams (e.g. weather)

* Develop real-time data management and data
exchange frameworks that enable data analytics

* Develop next-generation sensors that are accurate '&?
through disturbances to enable closed-loop controls R e [ e
and improved system resilience 06 S il

Current Projects

* Develop a national strategy for achieving full electric
system observability;

*  Reduce costs and improve performance of sensors for

all parts of the grid (devices, distribution, bulk); - g 3 _._a_-_u-w»{ s
e Apply advanced multi-scale data analytics and o n A g |\ »:"w-
machine learning techniques to the grid; and iy i\/ - i
* Incorporate wind/solar forecast data into grid " o= -'ﬂff "
operations. .
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SYSTEM OPERATIONS AND CONIROL

Advanced real-time control technologies to enhance the reliability and asset
utilization of transmission and distribution systems

Expected Outcomes Conventional controls

*  Architecture, algorithms, and control frameworks for a e [ o O v 1|
clean, resilient and secure grid | |

* Advanced operations software platform for predictive & [‘[I};-",‘U; &
operations & real-time adaptive control ;'g;%?% 9'.‘“ %

¢ New power flow control device hardware and [ e @~
concepts o o2} - L{}“%

*  Fundamental knowledge for new control paradigms -8 ;%} s | I

Current Projects Distributed controls

* Develop grid architecture and control theory, NI
particularly for highly distributed systems; .é '.; -. .¢ e ‘

* Develop coordinated system controls across multiple . Py .‘ el °..
time and space scales (EMS/DMS/BMS); .q °. .‘,’;" % »\ : S SN :

* Create an open-source platform and testbed for Al L @Gy . .:;f“_-:
advanced distribution management; and ’ ',.,"‘; & 2 .“. :'?..4 i ,._: % Ly )

* Demonstrate advanced control technologies in several ER D T e g e
regional use cases TN R g'_-'
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PLANNING AND DESIGN TOOLS

Next generation tools to accurately perform cost-benefit trade-offs and
improve reliability of design for deployment new smart grid and renewables

Expected Outcomes

* Incorporate uncertainty and system Interconnect Feeder
dynamics into planning tools to accurately g_]\ "
capture effects of renewable generation : | 4\‘ |

 Computational tools, methods and libraries ~il__’_Jj )

that enable 1000x improvements in 4
performance for analysis and design

* Couple grid transmission, distribution, and
communications models to understand cross-

domain effects

-
7T
| s
T
|

s

Residential Houses

Current Projects

* Develop multi-scale production cost models
with faster mathematical solvers;

* Integrate transmission, distribution and
communication planning models; and

* Explore new approaches for load modeling
using available sensor data.
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SECURITY AND RESILIENCE

Improve ability to identify, protect, respond and recover from all
hazards and threats potentially impacting grid function

Expected Outcomes

* Holistic grid security and resilience, from
devices to micro-grids to systems

* Inherent security designed into components
and systems, not security as an afterthought

e Security and resilience addressed
throughout system lifecycle including legacy
and emerging technologies

Current Projects

 Threat detection and response with data
analytics;

*  Cyber security approaches for renewables,
DER and smart inverters;

e Distribution system restoration tools for
natural disaster recovery; and

* Tools for improved outage forecasting from
tropical cyclones and other weather events.
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INSTITUTIONAL SUPPORT

Information and analysis for stakeholders to enable more informed
decisions on key issues that influence the future of the modernized grid

Expected Outcomes

* Accelerated policy innovation due to enhanced
State and Regional technical assistance

* States adopt changes to their regulatory model
that better align utility interests with grid
modernization and/or clean energy policy goals

*  Methods for valuation of DER technologies and
services are defined and clearly understood

Improved Stakeholder Decision-making

. o s T . - —
Current Projects . [ owmowower || roucveons | [ smkesowers
* Define quantitative metrics for assessment of grid _ GSVSTEMSRED s ordaily +Stee Poicymaers ane Energy
q N . +Distributed! Resources *Relizhie Agencies (2., PLUCs|
modernization progress; +Stoge +Resiien Vil Gonererss
* Develop new tools to support distribution system :gg‘!ﬁiﬁw , < :m@gg&mm » :guggsros
decision making; ‘CberSecurty + Effent, Compesie Harkels » Electrc dusry Assaciators
. .. * TrensmrissinDis:ibution » Econaric Development » Cusiomer and Other
* Engage stakeholders in determining how to best Planring Operaions Stasehoder Groups
value DER and services they provide; and i, |\ :mndmﬁamﬂ%
* Assess potential future electric utility regulations. B\ ) \& 4

Better-informed Research Pathways :
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REGIONAL DEMONSTRAIIONS

Three types of public-private partnerships that will accelerate transition
of Foundational R&D outcomes to widespread deployment at scale

/ Lean Reserve Bulk \

Power Systems

Goals:

» Reliable operations with
<=10% reserve margin; >33%
variable wind, solar

» New capability for grid
operators to leverage and
manage distribution-level grid
services

» Data-driven tools for precise,
predictive real time grid
operations

Target Partners:
» Transmission Utilities
» System Operators

U )

/ Clean Distribution \

Systems

Goals:

» Demonstrate reliable and
affordable feeder operations
with >50% DER penetration

» Coordinated microgrid(s)
control for resilience (20%
fewer outages, 50% shorter
recovery time)

» Distributed, hierarchical
control for clean energy and
new customer-level services

Target Partners:
» Distribution utilities
» Cities and municipalities with

\ambitious clean energy g?
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/ Grid Planning and \

Analytics

Goals:

» Use coupled T&D grid
planning models with 1000x
speed-up to address specific
grid-related issues

» Work with States to evaluate
new business models,
impacts of policy decisions

Target Partners:
» States and local regulators

» Distribution utilities

» New market participants

(U




1.3.10-Vermont Reglonal
Partnership Enabling
the Use of DER

Transactive / ‘,; ; : 1.3.22-Technical Support to the
Campus Demo 2, L o W New York State Reforming
it ! the Energy Vislon
(REV) Initiative

1.2 4-Kentucky Industrial
Microgrid Analysis
and Design
1.3.33-Engtern and -~ for Energy Securlty
Viestorn Integconnection - and Resiliency

-Seams Study gnd Optimal
HVOC Oferlay

1.3.1-Southeast
Regional
Consortium

1.3.5-Siting and ‘3;
Optimization Tool Yk
for California

1.3.11.Grid Analysis and

o 5P ; ; G o Design for Energy and
"1, 3.21-Affo Wad  1.3.29-Coordinated Grid . 4 Infrastructure Resiliency

Wand 5 21813 4 Suppart from Inverter:based —“:’ @ foe New Orleans
Systems for Rugal Alaska Resources and Loads - Hawail ™ -
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GRID MODERNIZATION WILL HAVE.NATIONAL IMPACT

Drivers of Change

Changing Foundational R&D
Electricity -

Supply Mix Devices and Regional
Integrated Systems .

: Demonstrations .

Threats to e | Modernized
Resilience and ensing an i
Measurement Low Reserve Grid

Reliability Margin Demo

S System Operations — @
" and Control
Opportunities . : Distribution l
for Consumers Design and Planning ~ Feeder °

©

Tools
Information and . ‘ Grid Analytics

Control Security and Platform
Technologies Resilience '

Aging Institutional Support

e T e Our path to a modernized grid to

power American leadership in the
21st Century
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FOR MORE INFORMATION

Bryan Hannegan, Ph.D.

Associate Laboratory Director

Energy Systems Integration

National Renewable Energy Laboratory
(303) 275-3009 (phone)
bryan.hannegan@nrel.gov (email)
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