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OPENING REMARKS



Good Morning, before I would like to thank Tom Key, Dr. Richard Stulen, and Pat Vincent‐Collawn for their welcoming remarks as well as the Conference’s organizers for inviting me to speak on this topic. In light of the Administration’s goals to enhance renewable energy, this is certainly a pressing issue.



This week you will hear from energy experts who will give you their views on some key policy and technical issues concerning renewable energy and distributed energy integration.  You will learn from different countries and companies best practices and results of policy implementation. These presentations are meant to initiate a lively discussion among you, the members of the international energy community.



You will determine the debate surrounding these issues and how best to address them.  



Now, I would like to tell you about the progress we are making on this issue in conjunction with the Smart Grid.






1) Innovation adds to the wealth of society

2) Science and technology R&D lie at the
heart of Innovation

3) Leadership in innovation cannot be
taken for granted.
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®
What does the US Grid Look Like?

® Not holistically designed, evolved incrementally in response to
local load growth. Today:
— 30,000 Transmission paths; + 180,000 miles of transmission line
— 14,000 Transmission substations
— Distribution grid connects these substations with over 100 million loads
- residential, industrial, and commercial customers

Different Regions of the Country Use
Different Fuel Mixes to Generate Electricity

WEST NORTH CENTRAL EAST NORTH CENTRAL

Mer-Hydro Renewabbes™ Mon-Hydno Rarswal ks
3N, Osher™ "

e = *Inchades generation by agricuttural
. MEDOLE ATLANTIC i oo

= Mont Fm baes®
o - ..ydlo !frlf-ra £l i solid
F % ':.“1% gecthermal rv:n—w-.:\-o-dwa-se- ired,
Hydre 4 =
e - FLTI%GI ard solar.
= _Coal ™ Includes generation by tres,
ey y

- batteries, chemicals, hydrogen,
. - pitch, purchased steam. sulifur, ard
Huiclea miscellanscus techrologies.
gt Gy ]
"’";';'.—_ Suam of components may not add to
100% due to independent rouncding.
M. -

Source: LS. Depa'u'merrcfEne-g\'
Energy Information Administrat o,
Powesr Plamt Operations ?.ep-cvtl:EM

e
riby 1%
W | S Fuelil
T TR 223); 2009 preliminary generafon
data
Moy 2010
%
Coal i

2010 by fhe Edison Electric
Instituie. All rights reserved.

e

WEST SOUTH CENTRAL

Han-Hyor Renewaties”
H'\‘g‘,:“ 5« e EAST SOUTH CENTRAL

4™ International Conference on Integration of
Renewable and Distributed Energy Resources


Presenter
Presentation Notes
Diverse industry 

3,170 traditional electric utilities 

239 investor-owned, 2,009 publicly owned, 912 consumer-owned rural cooperatives, and 10 Federal electric utilities



Strains on the grid as we move out with:

high levels of renewable energy

with smart grid technologies, with new vehicle technologies

with increasing demands on the system at all levels 




“Variable Generation Affects Grid

—Operations
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Variable generation can ramp-up in unison with demand, easing ramping requirements from conventional generators, or in opposition to demand, increasing system ramping requirements and thereby creating operational challenges 



During those time periods, it is vital to ensure sufficient ramping capability (i.e. flexible generation, storage and/or demand response) is committed and available, which further emphasizes the importance of accurate wind forecasting and proper procedures for dispatching and committing and dispatching needed generation and/or demand resources system-wide. 




B Manage Supply and
Demand Differently

Objective
More Dynamic- More Flexible

Generation v Load
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How can we balance the system?



There is a couple of things you can do. 

Natural Gas

Energy Storage

Demand Response



However, 

If you don’t have enough CT or CC units then you have to cycle your coal. Not good thermal cycling. 



Another challenge for the operator is that they must be ready if they lose the biggest generator.



You can call on demand response, but you would rather not impact customers. 



Energy Storage and Distributed Energy helping to Balance:

Electric cars plugged into the grid can serve as back-up power to balance load fluctuations:

Help to meet demand during peak hours

Can help to  reduce impact of renewable generation variability

 Selling power back to the local grid. 
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Examples of what this looks like



This data shows the variability of  a solar PV system due to cloud cover.  In Alamosa, CO there was and 81% drop in output in 5 minutes.



This kind of variability must be addressed with the design and operation of a smart grid.
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Besides sharp ramp rates, wind can also have time period were it cannot be relied upon to provide capacity. 



As the aggregate variability of the system is expected to increase at higher levels of wind penetration, the ramping requirements to be supplied from conventional system resources will also increase.




Priorities

e Sensors (ability to monitor the health of the system)
— Phasor Measurement Units (PMUs)
— Smart Transformers
— Smart Meters
— Dynamic Line Ratings (thermal)
— Anemometers (wind)/radiance sensors (solar)

 Modeling/Decision Tools

— Smart Grid data sources enable real-time precision in operations and control previously
unattainable

— Tointegrate high penetrations of renewable energy technologies into the grid, new
approaches in power system planning and operation are required

e Storage (system assessments; cost/benefits analysis)
* Innovative Energy Management (Microgrids, layered systems)

Leveraging international activities — lessons learned.
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Transmission Reliability and Renewables Integration:

We are developing technologies and tools for the transmission system to improve situational awareness and enable operational response to changing system and market conditions.

 

PMU’s give us:

Resiliency, we cannot harden for every event therefore we must be able to minimize impact and recover quickly. Improved situational awareness, whether it is from real-time feedback sensors, to understanding interdependencies, we must analyze the strengths and vulnerabilities.



Smart Transformers

Now have the capability to monitor large number of units in an automated manner over a longer period of time. 



Smart Meters

While AMI is relatively new to market, early forms of AMR are not at all a new phenomenon and equipment for drive-by or handheld reading has been rolling out in the field for the past two decades. 

2 million smart meters installed as of August 2010



Advanced Modeling Grid Research: 

We are developing  new models and computational techniques that consider dynamic effects upon the power system and provide the flexibility necessary to cost-effectively meet demand for reliable, affordable electricity.  



Time-synchronous phasor data, linked with advanced computation and visualization, enable advances in state estimation, real-time contingency analysis, and real-time monitoring of dynamic (oscillatory) behaviors in the system.



Real-time data from distribution automation and smart meter systems will significantly advance real-time operations of distribution systems and enable customer engagement through demand response, efficiency etc.



New planning and risk management tools must be developed to support decision-making in an electric system with more uncertainty than experienced historically



Advances in computational methods will allow network topologies to be co-optimized as part of resource dispatch, allowing for dynamic reconfiguration (of previously static assets) driven by technical and economic objectives. 








Why Phasors?

PMU Visibility

(30-60 samples every second)

Generation drop in Pacific NW
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 As we continue to integrate more variable generation on the system we need to have more predictive capability and dynamic management of this system as well as look at the distribution of our technology portfolio across the U.S. and size distribution (the integration of central and distributed resources).



PMUs can provide this capability.

– Mature Hardware, Emerging Networks and Applications

Supplements 50-year old SCADA technology

GPS time synchronized high resolution data

Wide coverage



Provides MRI of Power System Compared to X-ray     

Quality Visibility From Traditional SCADA

Wide-area situational awareness

System dynamics monitoring

Improved modeling



Addresses Current Industry Problems

Blackout prevention and mitigation

Congestion and bottlenecks

Visualization – wide area, common data, common displays

Reliability standards monitoring

Security Assessment – safe operating zones



Synchrophasor Projects Applications

Wide-Area Visualization and Monitoring

Angle and Frequency Monitoring

Inter-area Oscillation Detection & Analysis

Proximity to Voltage Collapse

State Estimation

Dynamic Model Validation

Fast Frequency Regulation



Voltage regulation






- ARRA Smart Grid Investment Grants are providing

$~150+M for phasor technologies

Phasor Measurement Units in
North American Power Grid
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data; best real-time
view of the U.S.
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SGIG: In 2009 there were about 170 PMUs installed, and by mid 2013 SGIG will add approximately 875 more PMUs.



Ongoing Advanced SynchroPhasor Research Projects 

Modal Analysis for Grid Operations

New Security Tools for Real-Time Operations

Adaptive Islanding Demonstration

Mode Meter Development

Characteristic Ellipsoid Method

Reliability Compliance and Monitoring Tools

PMU Test, Evaluation and Calibration






Energy Storage Technologies

Energy

~* Pumped Hydro
Pumped

| Hydro

(Taum Sauk)

400 MW

e Compressed Air Energy
Storage (CAES)

e Batteries
= Sodium Sulfur (NaS)

= Flow Batteries Sodium
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= Lithium lon 2 MW
= NiMH
= NiCad

* Flywheels

Flywheels
1-20 MW
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e« Electrochemical Capacitors




OE: Utility Scale Storage on the Grid

Chemical substation: Transformer Load  July 19, 2006
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CERTS Microgrid to Facilitate Integration of
Distributed Renewable Electricity Sources

Distinguishing Features Values

e Seamless islanding and e Customer benefits: bill savings,
reconnection via single point of price certainty, reliability (including
common coupling power quality), independence

e Peer-to-peer, autonomous e Grid benefits: a well-behaved
coordination among micro- electrical “citizen”
sources « Societal benefits: more resilient

e Plug-and-play; no custom local energy infrastructure, possibly

engineering also environmental benefits

CERTS Microgrid Test Bed at
American Electric Power
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A microgrid is a group of interconnected loads and distributed energy resources within clearly defined electrical boundaries that acts as a single controllable entity with respect to the grid. 



A microgrid can connect and disconnect from the grid to enable it to operate in both grid-connected or island-mode.

 

Scope of CERTS Microgrid test bed testing

 

 PV – Acquire a PV emulator; implement CERTS control algorithms 

 Storage – Install a conventional storage system (lead-acid batteries); implement CERTS control algorithms

 Intelligent load shedding – Install under-frequency relays with adjustable settings for amount of load shed, frequency trip points, and delay times

 Mechanical switch – Install mechanical switch; repeat tests conducted with static switch

 Synchronous generator – Acquire a synchronous generator; implement CERTS control algorithms in governor controls

 Energy management – Build an interface between AEP test bed and an energy management tool (DER-CAM); use information from DER-CAM to support intelligent load-shedding

 

Since 2009, AEP has provided more than 33 group tours of the test bed facility to various stakeholder groups nationally and internationally ranging from a middle school, universities, vendors, electric utilities, and regulators.

 

A commercial synchronous generator, InVerde 100 kW system from Tecogen, has licensed CERTS power balancing control software for microgrid operations.


~ Automated Demand Response Saves Capacity

and Energy
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In 2007, PG&E had shown Automated demand response saved energy when requested.   I believe that it is critical for consumers to have the ability to automate or program boundary conditions in energy management systems.   



That being said.  One size does not fit all and some consumers (maybe our children) may want to get more engaged in the management of  residential energy use.


Our ARRA Investments

Numbers

of Units

(self-reported
estimates)

Networked Phasor 877
Measurement Units

Smart Grid Systems
and Equipment

Smart Transformers 205,983
Automated 671
Substations

Load Control 176,814
Devices
Smart Thermostats 170,218
Smart Meters 18,179,912
In-Home Display 1,183, 265
Units
PHEVs/Charging 12/100
Stations

4™ International Conference on Integration of
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Improvements

* Near-nationwide coverage
* 6X the 166 existing networked
PMUs

* Enables preventative
maintenance

Enhanced situational
awareness and electric
system reliability and
resiliency

* 50 of 12,466 transmission and
distribution substations in the
U.S.

* Enables peak demand

reductions 1444 MWs of peak demand

reduction per year

* Enables peak demand (self-reported estimates)

reductions

* 13% of the 142 million

customers in the U.S. Transformational changes in

consumer behavior and

* Enables customer empowerment energy consumption

Begins the path toward
energy independence

 Accelerates market entry

Based on DOE /OE ARRA projects

15
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One of my goals is to manage electricity and eliminate some of the peak issues in the US as well as DR being a resource for ramping issues.  

 

Demand response should be inclusive to increasing load (night off-peak) and decreasing load (on – peak) as part of the definition/messaging



The Smart Grid and Demand Response creates active loads to follow renewables



The Smart Grid enables Distribution Automation, providing  voltage stabilization




International Efforts

e Clean Energy Dialogue with
Canada and Mexico

e Clean Energy Ministerial

— 10 initiatives will cut energy waste,
help deploy smart grid, electric
vehicle, and carbon capture
technologies, support renewable
energy markets; expand access to
clean energy resources and jobs,
and support women pursuing
careers in clean energy.
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International cooperation is key

Information sharing to get ahead of the situation

Analysis and forensics of events – need to have better sophistication.

   

CED

This is an exciting opportunity for generators, regulators, energy analysts, and consumers to discuss the opportunities for cross border electricity trade and to suggest ways to help remove impediments. For more than 100 years the relationship between Canada and the U.S. has been an example of international cooperation.



Interconnected facilities have provided a means for both countries to benefit from seasonal peak demand exchanges and to prevent severe winter storms from overwhelming each country’s supply of electricity.



The specific areas identified for enhanced bilateral cooperation include: Carbon Capture and Storage (CCS), Clean Energy Research and Development (in biofuels, clean engines, and energy efficiency), and making the Electricity Grid truly a Smart Grid.  Three bilateral Working Groups have been established to carry out the mandate of the Clean Energy Dialogue in these areas.



Clean Energy Ministerial

Secretary Chu hosted a first-ever Clean Energy Ministerial this past July in Washington, DC.  We envision the Ministerial as a platform for groups of like-minded countries to come together and announce concrete, transformative clean energy initiatives.  Ministers from 24 governments are participated in the two-day Ministerial.  These countries represented more than 80 percent of global energy consumption and a similar percentage of the global market for clean energy technologies.  

  

Secretary Chu announced that the United States is helping launch more than 10 international clean energy initiatives.  

 

The new programs offer partners concrete, technical actions to promote economic growth while reducing greenhouse gas emissions and other pollutants. 




International Efforts

e International Smart Grid Action Network (ISGAN)

— To accelerate the development and deployment of smarter electric grids around
the world —15 countries and European commission participating to date

e US-EU Energy Council — Technology Working Group

— Smart Grid Technologies being one of the 10 areas for RD&D cooperation
= Grid integration of distributed renewable energy sources

= Demand response and storage
= Technical standards for smart grids technologies

e DOE-EERA Smart Grid R&D Coordination

— European Energy Research Alliance Joint Programme (JP) on Smart Grids with 13
research institutions participating from 10 different countries to support
achieving 35% of electricity from renewable sources by 2020

— OE is funding national labs on smart grid projects related to the four
sub-programmes of JP on Smart Grids

— Inaugural DOE/EERA Smart Grid Workshop planned for May 2011 to exchange
information on medium- to long-term smart grid R&D

4t International Conference on Integration of
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ISGAN

The initiative implements a high-priority recommendation from the Major Economies Forum (MEF) Global Partnership’s Smart Grids Technology Action Plan. We are working with the co-leads on the Action Plan, Korea and Italy, to develop the ISGAN concept.

 

The Network will provide a framework for high-level government coordination to enable seamless global development and deployment of smart grids.

 

State Department has unofficially pledged $4 million in first year funding (roughly $1-2 million per year thereafter), contingent on commensurate support from international partners.  



US-EU Energy Council – Technology Working Group

Led by Directorate General Research and Innovation of the EC and the U.S. DOE to leverage RD&D budgets and laboratory expertise on both sides to accelerate clean energy development



Held an EU-US Workshop on Assessment Methodologies for Smart Grid Advances, Benefits, and Impacts



DOE-EERA Smart Grid R&D Coordination

The 35% electricity from renewable sources by 2020 is the defined goal in the Strategic Energy Technology Plan (SET-P) .



The JP on Smart Grids is one of the nine joint programmes established under the EERE.  The JP has a total of >52 FTE efforts in 2010.



The workshop is important in making R&D investment decisions toward next generation smart grid technologies and systems.  It is being organized by an 11-member Organizing Committee with representatives from both sides.  Eric Lightner of my Office serves as the workshop co-chair and is your point of contact. 
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