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9:30-10:00 AM   Full-workshop open discussion with the panel on cross-cutting questions 


10:00-10:15 AM  Break 


10:15-11:30 AM Breakout sessions on the cross-cutting questions 


11:30-1:00 PM  Lunch (non-working) 
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FACA Guidelines


 Participants attending this Workshop are not 
members of a Federal Advisory Committee, nor do 
we intend to use this group as a Federal Advisory 
Committee. 


 We are not seeking a group decision or consensus 
view with respect to the issues before you, or as to 
any action the Federal government should take.


 We welcome your individual recommendations and 
advice, and are looking forward to a productive 
workshop. 
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PCAST Recommendation: “The [process] needs strong external input from many 


sources, including other levels of government, large and small businesses, 


academia, national laboratories, Congress, nongovernmental organizations, 


consumers, and other Federal agencies. …”


We are committed to engaging our stakeholders consistent with the President’s 
commitment to transparency, public participation, and collaboration. To meet 
these goals, the DOE will pursue a variety of mechanisms, including:


– A publicly accessible web site


– Release of ex parte communications


– Request For Information (RFI) and Framing Document (published mid-March)


– Public comment


– Focus groups & workshops through mid June 


Transparency and Outreach
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Notes and attendee list from this workshop will be published on the 


project webpage. Individuals’ names will be redacted from comments.
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Outreach: Workshops


TRANSPORT


 Alternative Fuels 


 April 26


 Chicago, IL


 Vehicles Efficiency and 
Electrification 


 May 4


 Knoxville, TN


STATIONARY


 Stationary Efficiency 


 May 17


 Pittsburgh, PA


 Grid 


 May 23


 Scottsdale, AZ


 Clean Electricity 


 June 7


 Denver, CO
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Capstone 
July 13 in Washington, DC
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Agenda and Logistics
8:30-9:00 AM Welcome and framing remarks


Dr. Steven E. Koonin, Under Secretary for Science 


9:00-9:30 AM Panel discussion of cross-cutting questions


George Arnold, NIST


Mark McGranaghan, EPRI


Kris Mayes, Arizona State University


9:30-10:00 AM Full-workshop open discussion with the panel on cross-cutting questions


10:00-10:15 AM Break


10:15-11:30 AM Breakout sessions on the cross-cutting questions


11:30-1:00 PM Lunch (non-working)


1:00-2:00 PM Technology roadmaps presentations from QTR Technology Team 


Gil Bindewald, William Parks, & Imre Gyuk


2:00-3:00 PM Technology-specific breakout sessions


3:00-3:15 PM Break


3:15-3:45 PM Report-back session I from technology breakout followed by brief discussion


3:45- 4:00 PM Report-back session II from the morning’s cross-cutting breakout sessions


4:00-4:45 PM Full group discussion on cross-cutting questions


4:45-5:00 PM Closing Remarks


Dr. Steven E. Koonin, Under Secretary for Science
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Scope
 The DOE-QTR will provide a context and robust framework for the 


Department’s energy programs, as well as principles by which to establish 
multiyear programs plans and budgets. It will also offer high-level views of 
the technical status and potential of various energy technologies. 


 The primary focus of the DOE-QTR process and document will be on the 
following:


 Framing the energy challenges


 A discussion of the roles of government, industry, national laboratories, and 
universities in energy system transformation


 Summary roadmaps for advancing key energy technologies, systems, and 
sectors


 Principles by which the Department can judge the priority of various 
technology efforts


 A discussion of support for demonstration projects


 The connections of energy technology innovation to energy policy
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Timeline


Nov 2010


PCAST made 


recommendations 


for DOE to do QER


3/14 – 4/15


Public comment 


period for DOE-QTR 


Framing Document


4/20 


First batch of public 


comments released 


on project website


Through mid-June 


Hold workshops and 


discussions of each 


of the Six Strategies


End July/Aug


Submit DOE-QTR to 


White House for 


approval


Before Dec 2011


Release DOE-QTR







DOE-QTR Logic Flow
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DOE-QTR Logic Flow
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Transport


Stationary


Six Strategies
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Supply


Deploy Clean 
Electricity


Deploy 


Alternative 


Fuels


Modernize the 


Grid


Progressively 
Electrify the 


Fleet


Demand


Increase 
Building and 


Industrial 
Efficiency 


Increase 
Vehicle 


Efficiency
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DOE-QTR Logic Flow
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A QTR Technology Discussion Includes
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Why this 
technology is 


included


Headroom


Resource


Current industry


Actors and their 
roles


Roadmap
DOE history and 
accomplishments


Policy context


Barriers


Tech-specific 
items needed for 


prioritization
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DOE-QTR Logic Flow
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We will require input on:


 Roles of government, industry, national 
laboratories, and universities in energy system 
transformation


 Principles by which the Department can 
evaluate and prioritize various technology 
efforts


 Connections of energy technology innovation 
to energy policy
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A Few Comment Excerpts Specific to the Grid


Comments can be found at: http://energy.gov/qtr/10091.htm


William F. Pickard, 
Washington University


“In this present world, energy is the commodity of commodities; and Congress 
should do whatever is constitutionally permissible to facilitate its flow throughout 
our nation. The log jam on energy transmission must be removed. Assuring the 
safety of that transmission is a realistic goal...”


UTC Power Corporation “Policies that encourage utilities to deploy distributed generation technology to 
support and supplement the central grid would provide significant stimulus to the 
market development.”


Near Zero “Vaclav Smil was blunt: ‘compared to Europe the country has no inter-regional 
interconnections and the grid looks quasi-medieval.’”


“Other experts saw the task of modernizing the grid as one of deployment not 
development, and thus questioned the need for much DOE investment.”


The Babcock & Wilcox 
Company


“We believe DOE should… develop roadmaps and set guidance on combining 
intermittent renewable supply with back-up power or storage to address grid 
impact issues. Wind and solar PV technology providers continue to improve 
reliability and lower costs, but currently have no incentive to develop solutions to 
the intermittency problem.”



http://energy.gov/qtr/10091.htm





A Few Things We’ve Heard at Previous Workshops


Alternative Fuels • The value proposition of the Department is 


predominantly in technology assessment, not technology 


invention. 


• Inexpensive energy drives US competitiveness.


Vehicle Efficiency 


and Electrification


• Uncertainty around consumer acceptance of new 


technologies. We’re entering a decade of experimentation.


• Infrastructure is an issue; DOE’s role here is uncertain.


• Public-private partnerships are valuable.


• EVs: Disagreement on the need for fast charging, and 


the ability of the grid to handle growing electrification.


Building and 


Stationary 


Efficiency


• We need better data on how energy is actually used in 


buildings and industrial processes, and better models 


informed by this data; DOE is well positioned to contribute 


here.


• Skilled workforce matters, but DOE’s role is uncertain.
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Cross Cutting Questions 
 The grid encompasses many technologies and applications, both transferring electricity and 


connecting key generators, end-users and eventually transportation. How should DOE 
balance:


 Depth vs. breadth of investment?


 Technological R&D vs. addressing non-technical barriers?


 Different timescales of impact?


 Widgets vs. systems?


 Are infrastructure investments keeping pace with new generation investments and end-user 
investments? What role should DOE play in shaping future infrastructure investments?


 At the applied technology level, is there a sequence that would be more effective than 
others regarding the large-scale deployment of clean electricity, smart-grid, energy storage?  
Should DOE time their efforts in a different way?


 What do you think are the prospects of significant new transmission assets being deployed 
nationally? If yes, what type and where?  What would have to happen to alter your opinion 
on this topic? How should DOE’s portfolio differ in the absence of new transmission? 


 What are the rules of entry, allocation and exit in the grid portfolio? As a technology 
matures, how should DOE’s posture change? What metrics should DOE use to measure 
progress in grid technology?


 What specific value does DOE provide to you? Where have you seen the benefit of DOE’s 
involvement in your work with the electric power system?
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Panel Discussion


 George Arnold, NIST


 Mark McGranaghan, EPRI


 Kris Mayes, Arizona State University
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Breakout: Cross-cutting questions


 Groups have been assigned
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Technology Roadmaps Presentation


 Gil Bindewald


 William Parks


 Imre Gyuk
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Breakout: Technology-specific


 Groups have not been assigned – you are free to choose


1) System Awareness and Control (sensors, routable power, 
control algorithms)


2) Modeling & System Dynamics (understanding grid science, 
model validation)


3) Storage & Ancillary Services (storage, impact to grid and 
operations)


4) End-Use Participation (AMI, cyber security, EV, DG)
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Break Out: Cross-cutting Questions


www.energy.gov/QTR


DOE as 


convener & 


educator of 


stakeholdes


• DOE has the ability to bring groups together (regulators, utilities, 


vendors), set a vision, say what’s worked in other settings and 


move the group forward. 


• Difficult to assess/measure convener role.


•Regulators/Consumer Advocates need info on success and value 


of techniology to achieve confidence in the value of cost-recovery


•Look to EPRI’s process in 1960s and 1970s for good model of 


effective convener.


Goals •Define its aggregator role to create targets for utilities companies 


and all stakeholders. 


•Metrics need to be based on future market not current: 


Transparency (of usage), robustness (national security/ natural 


disasters), undelivered energy (blade feathered)


• Use specifics of state RPS as interim milestones for Federal goal 


of 80% clean electricity by 2035.


Portfolio •Too widget oriented, significant role in fundamental engineering 


understanding of grid & its performance.


•DOE should invest where industry will not -- not inventing widgets 


but pulling everything together for systems implementation.







Break Out: Cross-cutting Questions
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Allocation 


(short/med/long)


•50/30/20, 30/50/20, 40/30/30, 70/_


Time horizon •The physical scale, capital exposure, and long-durability 


means that infrastructure deployment/replacement is 


planned on a 10-15 year timeframe (incrementalism is 


important).


Systems models •We don't have the models we can give to utility 


commissions to show them how advanced systems would 


improve things. Utilities stick with proven tech


Chicken/egg


problem for demos


•Need to have standards in place before running a demo 


to even get a utility to try.


• Yet, standards can't take 5-10 years. Put together a team 


and set something in 90 days. Must close the time gap on 


standards







Break Out: End-use Participation
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Human / 


technology 


interface 


•Too complex?  Utilities tend to pull back, “we just provide 


infrastructure.”


•DOE: we’re technology developers.  Do we understand 


enough of customers?


EV •Grid / system view different than that of consumer


•Vendors nervous about mandates. Standards 


development moves more slowly than tech. innovation


•Utilities not seen as having any deep understanding of 


consumers.


Security •Need to build cybersecurity in to the technology, so DOE 


needs to engage on the issue.


• Cybersecurity, Physical Security and Privacy all different 


issues, all require attention.







THANK YOU!


Project Website
http://www.energy.gov/qtr


Questions/Feedback
steven.koonin@science.doe.gov


asa.hopkins@science.doe.gov


Official (Public) Comments
DOE-QTRmailbox@hq.doe.gov
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Proposed Mission Statement for DOE Energy Research


To facilitate the invention, refinement, and early deployment of 
meaningful technologies that enable options for scaling by the 
private sector toward national energy goals. 


The words in this statement are carefully chosen: 


 to facilitate – we convene and fund various entities – as well as support the basic research 
that underpins invention and refinement 


 invention, refinement – we work on both revolutionary and evolutionary technologies 


 early deployment – we support some activities beyond first commercial demonstration 


 meaningful technologies – we pursue technologies that could have a material impact when 
deployed; accordingly, scale, economics, and timeliness are important criteria 


 enable options – we do not pick commercial winners and losers; the markets make those 
choices 


 scaling by the private sector – we support commercialization as an essential part of what we 
do 


 toward national energy goals – we cannot and will not pursue all technologies; only those 
that enhance energy and national security, reduce environmental impacts, and increase U.S. 
competitiveness 
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Questions
 Mission: What do you think of the following mission statement for DOE 


energy research? 


 Clean Energy Leadership: How can DOE activities best support U.S. 
leadership in clean energy innovation? In clean energy manufacturing? In 
clean energy deployment? How do we balance international 
competitiveness against international cooperation?


 Program Definition and Management: What principles should the 
Department follow for allocating resources among technologies of 
disparate maturity and potential time to impact? 


a) What should be the criteria for including a technology in the DOE portfolio? What 
should be the criteria for removing a technology from the DOE portfolio? How should 
programs be structured and managed to accommodate entry and exit of technologies 
within the DOE portfolio? 


b) How do we balance the diversity of technology options the Department could provide 
for the private sector against timeliness, scale, and cost-effectiveness? 


c) How can DOE be more effective at each stage of the innovation chain? 


d) What are useful metrics to guide DOE technology activities? 
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Questions


 Private Sector Partnership: What are the optimal roles for 
the private sector, government laboratories, citizens and 
academia in accelerating technology innovation? 


a) How can DOE best coordinate activities between and among these 
types of organizations (including the wide variety of institutions within 
each class)? How should we gauge the effectiveness of this 
coordination? How can the basic-applied coupling be optimized? Are 
there examples in other sectors or other countries that can serve as 
models? 


b) What are the design principles for an effective ‘technology user 
facility’?


c) How can the Department best gather technology market 
information? How can information on private sector innovation be 
captured without compromising competitive advantage? 


33www.energy.gov/QTR







Questions
 Technology Demonstrations: What are principles and best practices in performing 


large-scale demonstration projects? 


a) How close to commercial viability does a demonstration have to be? What are the 
optimal cost sharing arrangements? How might demonstrations be coordinated with 
DOE financing activities? 


b) How can demonstration projects better benefit all stakeholders beyond the 
immediate participants? How are lessons-learned best captured and promoted, and how 
is intellectual property best handled? 


c) How should DOE determine whether demonstrations adequately address technical 
and operation risks? 


d) What defines failure or success in the demonstration phase? 


 Non-technical Barriers: A number of non-technical barriers—including federal, 
state, and local regulations, market failures, and non-technical risks—impact the 
rate of deployment of energy technologies. What, if any, role should the 
Department have in addressing these barriers?


 Six Strategies: Have we correctly identified and structured these six strategies?


 Technology discussion: Current selection of technologies and sources? 
Suggestions of alternate technologies and sources? Updated technology, cost, or 
forecast data, particularly in rapidly-moving fields?
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Electricity‟s Role in Society


Electricity plays a vital role to our economy and national security.  


Most Americans can not describe what it is or where it comes from.  


Yet, we know the impact that electricity plays on nearly all aspects of 


our lives: national security; health and welfare; communications; 


finance; transportation; food and water supply; heating, cooling, and 


lighting; computers and electronics; commercial enterprise; and 


even entertainment and leisure.
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Unique Characteristics of a Complex 
System of Systems


Physically 


• Grid developed incrementally without a holistic 


design. Today, there are:


– Over 180,000 miles of transmission lines


– 15,000 transmission substations


– Distribution grid connects these 


substations with over 100 million loads


• Industry is fragmented w/o a common voice


– 3,170 traditional electric utilities 


– 239 investor-owned, 2,009 publicly 


owned, 912 consumer-owned rural 


cooperatives, and 10 Federal electric 


utilities


Operationally


• Electricity flows within three major 


interconnections along paths of lowest 


impedance; yet the grid is operated in a 


decentralized manner by over 140 control areas 


• Demand is uncontrolled; electricity is the 


ultimate “just-in-time” production process
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The Grid Faces Simultaneous Challenges


5168 billion kWh


Load curves – increased peaking


Plug-in hybrids (could increase demand 25%)


More electrically sensitive equipment (2.5x)*


Vulnerability of Energy 


Infrastructure
Interdependencies of electric and 


energy systems


30-60% coal


20-40% nuclear


10-20% natural gas


1-2% oil


10-20% renewable


Nodes within control area increase 5-10x


Energy Mgt Systems (70%)


Additional 30,000 miles needed


~ 22 million DG units (2.5x increase)


Infrastructure protection


Increased globalization


Materials and resource limitations


All-hazard risks will continue to increase


Blackouts 


Aging Infrastructure


Vulnerability of assets


140 control areas


Energy Mgt Systems (<1%)


180,000 miles wires


~10 million DG units


3653 billion kWh


Hybrids, No PHEVs


Electrically-sensitive 


equipment (limited 


consideration - PQ)


51% coal


19% nuclear


20% natural gas


3% oil


6% hydro


1% other renewable


Changing Supply Mix
Requires additional transmission


Requires control/communications


Demand Transformation
Expanding Digital Economy


Power quality needs


Demand growth


2009 2035


Complexity of Grid 
Expanding footprint


Overlay of markets


Operating “closer to the edge”


* RAND Digital Study, 2001
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Consequences to the Nation are Substantial 


7 hours


After 
Blackout


Power Quality & Momentary Outages


Short localized outages result in losses as 
high as $80 billion/yr*


Congestion


T&D line are operated at capacity limits in 
some areas costing ratepayers ~ $2B/yr


Power is provided by more expensive local 
generation capability


Capacity


Electric power flows expected to grow 50% 
by 2035 


Options to meet projected demand:


New „right of ways‟ 


More power flow from existing paths


* Input from EPRI, LBNL Study, Rand


Major Disruptions


Major, widespread outages cost the nation 
over $1 billion/yr on average


August 2003 outage cost an estimated $10B


National Security Implications


Potential for increased vulnerability


Interdependency of critical energy systems
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Technologies, Markets, and Policies are 


Intricately Linked


• Policies drive markets which drives technology 


• When finding solutions to challenges, all aspects need to be 


considered simultaneously


Technologies


generation, infrastructure, 


smart grid, electric vehicles,


storage, etc.


Markets


business models, cost 


allocation, wholesale 


power trading, utilities, 


vendors, etc.


Policies


state RPS, federal CES, 


FERC, PUC’s, 


environmental 


regulations, siting, etc.


The Grid
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Changing the Perspective


20th Century Grid:  Electrifying America


• Current attributes (electricity as a commodity)


– Reliable


– Accessible to all


– Low cost


– Safe and Secure


21st Century Grid: Enabling an Electricity Service Economy


• Previous attributes plus


• New attributes (electricity as a service)


– Provides access to low carbon generation


– Delivers the desired power quality when it is desired


– Enables customer participation into electricity markets (demand response)


– Provides customer flexibility to use new technologies (electric vehicles, 


distributed generation, energy management system, etc.)


– Provides dynamic protection, privacy, and cyber security
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Addressing the Needs


• The system has been engineered for 120 years; How do we use goal oriented 


science to understand the science behind the system?


• We have a system with underutilized capacity; How can we make this a competitive 


advantage?  How can we remove its constraints?


• Uncertainty is increasing in many domains (temporal, spatial, etc.); How can we 


design flexibility into the system to handle this variability?


• New technologies are coming online (generation, EV’s, storage, etc.); How does the 


grid become an effective enabler of these technologies?  What are the impacts of 


these technologies?


• Consumers will become active participants in the grid; How and to what degree will 


the customer be impacted and engaged?


• Two-way power flow will be needed;  How do we modify the system to accommodate 


this?  Can we control power flow in new ways?


• Electricity is treated as a commodity; How do we move to treating electricity as a 


service?
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Carbon Management


National Energy Goals Depend on


Transformation of the Grid


U.S. DEPARTMENT OF ENERGY STRATEGIC PLAN 2011:


TRANSFORMING OUR ENERGY SYSTEMS


Modernize the Grid


• Enable better understanding and control of our electrical grid by 


installing more than 1000 synchrophasor measurement units by 


2013


• Deploy more than 26 million smart meters in American homes and 


businesses by 2013


• Reduce utility-scale energy storage costs 30% by 2015


But this is only a start… there are many other activities and 


directions we need to pursue








Quadrennial Technology Review:


Electrical Energy Storage


Imre Gyuk, DOE/OE


Hank Kenchington, DOE/OE


Mark Johnson, ARPA-E


Landis Kannberg, PNNL


Ross Guttromson, Sandia


May 23, 2011
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Carbon Management


National Energy Goals Depend on


Transformation in Stationary Energy Storage


Without technological breakthroughs in efficient, large scale 


Energy Storage, it will be difficult to rely on intermittent 


renewables for much more than 20-30% of our Electricity.      


Secretary Chu, Feb. 2010


The need for regulation services can dramatically increase 


as the amount of variable renewable resources is increased. 


Local storage is among the best means to ensure we can 


reliably integrate renewable energy resources into the grid. 


Chairman Wellinghoff, FERC, March 2010


Transmission and storage capacity are key issues for 


energy resource planning. If you like wind power, you


have to love transmission and storage.


Terry Boston , CEO, PJM, June 2010


U.S. DEPARTMENT OF ENERGY STRATEGIC PLAN 2011:


Modernize  the Grid


• Reduce utility-scale energy storage costs 30% by 2015
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Energy Storage Provides Multiple Values for 


the Electric Grid


• Enabling large-scale/utility 


RE integration


 Reduce variability


 Ramp rate control


 Load shifting


 Firms RE to improve 


dispatchability


• Enabling DG and EV 


deployment


 Reduce variability


 Interacts and supplements 


vehicle-based storage


 Improves power quality


 Provides voltage support


• Enhancing system stability


 Reduces peak load 


 Reduces infrastructure 


requirements


 Minimizes congestion


 Improves base-load capacity 


factor


 Defer transmission and 


distribution investment


 Provides VAR support


 Can provide black start 


capability
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Worldwide


Installed 


Grid Storage  


Economic 


Status
“the energy storage 


business could grow 


from $1.5 billion in 2010 


to a $35 billion industry 


by 2020”


Pike Research, 2010
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A. Nourai


Storage Technologies are Applications
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Energy Storage Applications – Time Scales


Regulation Ramping Peak shaving, load leveling


Seconds to Minutes Minutes - one Hour Several Hours - one Day


Different Time Regimes 


will Require


Different Storage Solutions
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Energy Storage Requirements and Targets


Li
fe


 c
yc


le
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 (
¢/


kW
h
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)


CAES
Pumped 


Hydro


Distributed storage Central storageEnd user storage


Stationary


1 kW 100 kW 10 MW 1 GW10 kW 1 MW 100 MW


Li ion Battery


NAS Battery 


ZEBRA Battery


Vehicle


Energy Density and Cost 


Lifetime and Capital  Cost


Requirements


PHEV Target


$250/kWh Flow  Batteries: ZrBr , VBR, PS etc


Lead Acid Battery


100¢/kWh/cycle


10¢/kWh/cycle


High-Power Fly Wheels


1¢/kWh/cycle


Stationary Storage Target


$100-150/kWh, or 4¢/kWh/cycle


Higher cost OK for some power applications


UPS & Power Quality T&D Grid Support & Load Shifting Bulk Power Mgmt
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Industry 10 year Expectations


Without Investment Tax Credit: 


1,500 MW    Pumped Hydro


700 MW    CAES


1,500 MW    Renewable Integration


12,000 MW    T&D Support


1,100 MW    Frequency Reg.


2,100 MW    Thermal Storage


---------------


18,900 MW


20% Investment Tax Credit


for Storage Facilities


Currently proposed in


Congress
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Pumped Hydro
• Over 99% of existing grid 


storage, ~22GW = 2.5% U.S. 


generation


• Capital intensive, long lead 


times, large scale of economy, 


site specific


CAES
• Two plants world-wide (salt 


geology) -~400MW


• Site geology-specific


• Output exceeds input (1.1) due to 


fuel firing


Potential for High Impact:


• Adiabatic and isothermal operating cycles


• Surface storage concepts


Benefit – No fuel usage for isothermal reduces O&M 


& emissions, independence from site geology 


enables ubiquitous use 


Potential for High Impact:


• Improve turbo-hydraulic design to increase ramp 


rate and shorten mode-changeover time


•Establish closed-loop and marine systems


Benefit – Enable broader application for ancillary 


services increasing value of potential 30GW now 


in planning stage


Pumped Hydro & CAES (Central-station 


plants for Bulk Energy Management)


CAES plant in McIntosh, Alabama


CAES plant Huntorf, Germany


Helms plant California







Carbon Enhanced Lead Acid Batteries


PbO2 Pb + CSeparator


Schematic representation of a single cell


from a carbon-modified or “Advanced ”


VRLA battery


Valve Regulated Lead Acid Batteries – common “back-


up battery.  


• Select carbons added to the negative anode material 


in lead-acid batteries dramatically increase battery cycle 


life, but phenomena poorly understood, limiting 


application and optimization.


Cabot Black Pearls 


430
Denka BlackMeadeWestvaco E-


105
Superior Graphite 2939 


APH


Potential for High Impact:


• Understanding of enhancement mechanisms enables CELA 


optimization


• Bipolar designs improves performance and safety


• Application of mechanistic understanding to other batteries


Benefit –10x cycle life improvement and 2x energy density, 


reduces life cycle cost and increases deployment options







Redox & Advanced Flow Batteries 


Iron-containing “MetIL”


Potential for High Impact:


• Improved membranes enables higher electrolyte ion concentrations, low maintenance


• Increased electrolyte ion concentration increases energy density, range of operation


• Novel liquid-metal and redox chemistries, durable electrodes 


Benefit – 2x energy density, greater cycle life, improved efficiency, 2x cost 


reduction


0.05


0.10


0.15
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2010 2012 2014 2016 2018 2020


Short term Long term


Combined cycle gas turbine
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/k
W


h
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Years


Develop and optimize of existing redox chemistries and new ones


Develop systems and field demonstration 


Scale-up and commercialization


Develop novel cell/stack designs, bench-top prototype systems


Optimize electrodes and maximize electrochemical activity


Modify and develop of membrane/separator 


Through collaborated 


efforts of labs, industries 


and universities


• Power determined by cell/stack, energy 


determined by electrolyte tank capacity


• Cost, stability, energy density are challenges


• Many system chemistries







12
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h)


Years


Short term Long term


Combined cycle natural gas turbine


Develop effective sealing, stack components


Proof of concept of planar design


Modify electrode cathode chemistries interfaces


Optimization of interfaces and cell designs to allow operation 


~200oC and energy efficiency (system >80%)


Develop and demonstrate KWs prototype system


Scale-up and commercialization


Traditional 


tubular sodium –


sulfur cell, 


operated >300-


350oC


Newly developed 


planar  sodium 


metal-halide cell, 


operated <250oC


Planar  stack, 


operated <250oC


.


Potential for High Impact:


• Improved sealing and thin solid electrolytes enable planar design


• Cathode optimization enables reduced temperatures


• Novel nanofiber synthesis enables room temperature  sodium-ion system


Benefit - 2x power density, 50% energy density improvement, 2x cost reduction


Sodium-based Batteries
• High efficiency & energy density, but high 


temperature and cost limit deployment


• New planar design enables reduced temperature 


and cost, and more advanced sodium ion 


concepts may be room temperature


Mn2O3 orthorhombic lattice 
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Self-assembling commercial 


TiO2 (anatase) and graphene 


into nanostructured anode


Stationary Li-ion Batteries


Potential for High Impact:


• Improved, self-assembled, nano-structured electrodes from commercial materials


• Modified chemistries for long cycle life


• Improved, aqueous electrolytes, inexpensive electrodes


Benefit – 2x reduction in cost, >3x cycle life, much improved fire safety


• Design for much higher cycle life, improved 


safety,  and lower cost than automotive 


applications,


• Employ self assembly synthesis methods, 


novel cathodes and electrolytes
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Flywheel Storage for Power


• Fast, full cycle operation, but low energy density 


and costly


• 20MW plants economical for regulation now.


• Can reduce regulation requirements by factor of 


2-24 over conventional generation


Potential for High Impact:


• Development of hubless flywheels to expand  


economical  ancillary  services


•Ultra-high speed flywheels levitated by superconducting 


magnetics, nano-structured silicon fibers for very high 


energy density.


Benefits – 8x cost/kWh reduction


20 MW plant in Stephentown, NY







Emerging Storage Technologies


• Metal-air Batteries – highest energy 
storage density, but not yet a 
regenerative system


• Liquid metal batteries


• Novel N2/O2 battery concept


• New regenerative fuel cell systems


Potential for High Impact:


• Establish metal-air regenerative electrochemistry


• Establish proof of principle for N2/O2 battery systems


• Establish viable liquid metal battery


• Explore new regenerative fuel cell chemistries


Benefit – 10x increase in energy density and cost 


reduction
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U.S. Industry has shown its Readiness


to Invest in Energy Storage


DOE provided $185M in ARRA Stimulus Funding


and received a Costshare of $585M !


Large Battery System (3 projects,53MW)


Compressed Air (2 projects, 450MW)


Frequency Regulation (20MW)


Distributed Projects (5 projects,9MW)


Technology Development (5 projects)


533MW and a ten-fold Increase in Power Scale!
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Potential for High Impact Benefits


• Different technologies serve different grid 


requirements


• Modest improvement potential for established 


technologies – PHS & CAES


• Significant potential for selected electrochemical 


technologies:


– Lead-Carbon Batteries


– Sodium-based systems


– Redox and Advanced Flow batteries


– Stationary Li-ion


• Flywheel potential is significant with advanced 


technology


• Emerging concepts offer greater benefit but 


much higher risk








Quadrennial Technology Review:


Measuring, Modeling and Control


Gil Bindewald, DOE/OE


Charlton Clark, DOE/EERE


David Corbus, NREL


Jeff Dagle, PNNL


Joe Eto, LBNL


Joe Gracia, ORNL


Carol Hawk, DOE/OE


Terry Oliver, BPA


Jianhui Wang, ANL


May 23, 2011
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Operations
Will pose operational challenges to the electric system…


• The future generation resource mix is unknown


• The variability and uncertainty of wind and solar power require new ways to 
operate the power system (including the use of storage, natural gas, demand 
response, inter-hour scheduling)


• Load profiles are uncertain as on-site renewable energy resources, demand 
response technologies, and EVs/PEVs are introduced to distribution systems


• Valuation of ancillary services is evolving 


• Changing technologies and policies, e.g. environmental legislation, will have a 
significant effect on future generation and transmission


• Boundary seams (planning, modeling, and operations) are critical for effective 
integration with legacy systems


Achieving a Clean Energy Future


Dynamically optimize grid operations and resources


Multidirectional power and communication flow


 Adaptability of controls and protection to changing conditions


Fully integrate demand response and consumer 


participation into grid resource planning and operations


… that drives need to…
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• Measurement and Controls – Acquiring, sharing, and (real-


time) processing of data throughout the electric system 


• Communications and Security – Establishing the enabling 


secure, resilient information backbone


• Modeling and Analysis – Facilitating system understanding 


(primarily off-line) to  support better grid operations, planning, 


markets, and policy decision-making


Measuring, Monitoring and Controls


Focus Areas
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Depth and Breadth of Electric System Data is Growing, 
Offering Unprecedented Opportunities to Enhance 
System Flexibility through Measurement and Control


Through 2015, the Recovery Act funds will result in the deployment of:


• An additional 15.5 million smart meters on homes and commercial buildings,


• Sensors, smart switches and control devices that will help automate approximately 


6,500 distribution circuits, and


• Over 800 networked phasor measurement units distributed throughout the 


transmission system.
POWER GRID SENSORS


POWER GRID CONTROL


DER Power 


Control


Transmission 


Line Sag


Transmission 


Line Current


Transformer 


Status


DER Real & 


Reactive 


Power


Communications (High Speed/Wide Bandwidth) & Data 


Acquisition/Processing (High Performance) Systems


SCADA and 


Load 


Monitoring


Dynamic 


Transmission 


Line Loading


Power Line 


Flow Control


Dynamic 


Transformer 


Loading


Load 


Control (i.e., 


price 


signals) 


POWER GRID SENSORS


POWER GRID CONTROL


DER Power 


Control


DER Power 


Control


Transmission 


Line Sag


Transmission 


Line Sag


Transmission 


Line Current


Transmission 


Line Current


Transformer 


Status


Transformer 


Status


DER Real & 


Reactive 


Power


DER Real & 


Reactive 


Power


Communications (High Speed/Wide Bandwidth) & Data 


Acquisition/Processing (High Performance) Systems


SCADA and 


Load 


Monitoring


SCADA and 


Load 


Monitoring


Dynamic 


Transmission 


Line Loading


Dynamic 


Transmission 


Line Loading


Power Line 


Flow Control


Power Line 


Flow Control


Dynamic 


Transformer 


Loading


Dynamic 


Transformer 


Loading


Load 


Control (i.e., 


price 


signals) 


Load 


Control (i.e., 


price 


signals) 


However, there is still considerable time 


and investment that is required to fully 


modernize the electric grid with smart, 


digital systems.  By the end of 2015, a 


small percentage of households will have 


enabling technology and access to variable 


rates; about 5% of the country’s distribution 


circuits will have been upgraded, yet not 


achieve the level of automation anticipated 


for sophisticated, self-healing circuits that 


can communicate effectively with 


distributed energy resources (DERs) and 


electric vehicles (EVs).







Application of sensors, smart switches and communications equipment in the 


distribution system will permit:


• Optimized control of voltage and reactive power (Volt/VAR) requirements resulting in improved 


energy efficiency, including an ability to undertake conservative voltage reduction (CVR)


• Real-time outage detection and system reconfiguration to improve reliability (resulting in the 


reduced frequency and duration of power outages)


• Monitoring of equipment condition, combined with operational efficiency improvements resulting 


in lowering overall operations and maintenance costs


Even at Current Levels, Benefits are Being Realized:


Impact of Distribution Automation Technology


PNNL Study* reports that deploying CVR technology nationwide would cut annual energy consumption 


by 6,500 megawatts (targeting 10 percent of nation’s feeders nets 37 percent of the total benefit)


Dominion Virginia Power applied CVR at its Trabue station in Midlothian where 6,000 customers in the 


test area saved roughly $260,000 in energy costs, or about 2.7 percent of their overall consumption 


during the past year.  


PPL Electric Utilities (with DOE funding)  will install smart switches, reclosers and other equipment  to 


create a self-healing network.  Arizona’s Public Service’s self-healing grid pilot in Flaggstaff has avoided 


more than 300,000 customer outage minutes in eight separate events  since July 2010


5
*“Evaluation of Conservative Voltage Reduction (CVR) on a National Level [PNNL-19596]”, July 2010, 


http://www.pnl.gov/main/publications/external/technical_reports/PNNL-19596.pdf
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Ten (10) statistically rigorous studies are being conducted to:


• Identify factors influencing customer acceptance of dynamic electricity rates and AMI technology


• Quantify the effect of dynamic rates on electricity consumption (peak and overall load reduction)


• Understand the relative and combined contributions of pricing, information feedback, and control 


technology on consumer behavior


• Provide statistically-relevant data with analysis  to researchers and decision-makers


Pricing Strategy Web Portal


In-Home Display 


(IHD)


Programmable 


Communicating 


Thermostat (PCT)


All Technology 


Options


Variable Peak Price 


(VPP) Treatment 1 Treatment 2 Treatment 3 Treatment 4


TOU Critical Peak Price 


(CPP) Treatment 5 Treatment 6 Treatment 7 Treatment 8


Control Group


Technology Option


Control Group


Oklahoma Gas and Electric (OG&E) is undertaking a 2 yr study with 4,600 residential and 650 small businesses 


to determine load reduction resulting from combinations of dynamic rates and enabling technologies  


OG&E expects to avoid building two 165 MW peaking units based upon 


achieving a 20% customer participation rate (on an opt-in basis) 


Understanding the Impact of AMI 


and Dynamic Prices on Consumer Behavior
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Improving Wide-Area Situational Awareness 


through SynchroPhasor Technology


• Synchrophasors are precise grid measurements from monitors called 
phasor measurement units (PMUs)


• Improve power system reliability and visibility through wide area 
measurement and control, based on GPS time synchronized high 
resolution data


• TODAY: Important applications today include wide-area monitoring, 
control strategies for outages, and forensic analysis of grid disturbances. 


• FUTURE: Phasor technology is expected to offer great benefit for real-
time operations and power system planning, including integrating 
renewable and variable resources, automated controls for transmission 
and demand response, increasing transmission system throughput, and 
improving system modeling.


 Grid Stress – phase angle measurements


 Grid Robustness – damping status and trend


 Dangerous Oscillations – low damping


 Frequency Instability – Frequency variation across interconnection


 Voltage Instability – Low Voltage Zones


 Reliability Margin – ―How far are we from the edge‖ – Sensitivity metrics


Eastlake 5 trips


Stuart-Atlanta 
345kV trips


Harding-Chamberlin


345kV trips


Hanna-Juniper  


345kV trips


Sammis-Star 
345kV trips


Eastlake 5 trips


Stuart-Atlanta 
345kV trips


Harding-Chamberlin


345kV trips


Hanna-Juniper  


345kV trips


Sammis-Star 
345kV trips


August 14, 2003


Sources: AEP; PNNL
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SGIG Planned PMU 


Deployment


WECC


250 PMUs


ATC


48 PMUs
ISO-NE


30 PMUs


NYISO


39 PMUs


MISO


150 PMUs


PJM


81 PMUs


Entergy


38 PMUs


Midwest 


Energy


21 PMUs


FPL


45 PMUs


Duke Energy 


Carolinas


102 PMUs


Source: Map from North American Synchrophasor Initiative, 2009


ARRA Total


804 PMUs


Phasor Measurement Unit (PMU) Deployment
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Emerging Need for Real-Time Tools and Platforms that Analyze 


Electric System Data and Can Maintain Reliability by Balancing 


(Dynamically and Automatically) Demand-Side Flexibility and 


Supply-Side Variability


Subcategory


readiness


Angle & 


Frequency 


Monitoring


Wide Area 


Monitoring


Disturb-


ance


Analysis


Inter-area 


Oscillation 


Detection 


and 


Analysis


Real-time 


control of 


Trans-


mission 


Corridors


High 


precision 


State 


Estim-


ation


Voltage 


Stability 


Monitoring 


Determin-


ation of 


Accurate 


Operating 


Limits


Trans-


mission 


System 


Rest-


oration


System 


Model 


Deriv-


ation & 


Valid-


ation


Detection of 


Imminent 


Disturbance 


Cascading


Real-time 


Control of 


Wide-Area 


Networks


Algorithm


Hardware
need


Data


Decision 


support


Demo


Pilot study


Utility 


application


Standards


Requires Development and Pilots


Needs Moderate Development


Available Now or Soon


1-2 years 2-5 years >5 years


Monitoring Controls
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AMI — Automated Metering Infrastructure ISO — Independent System Operator


This chart captures a representative architecture. It is recognized that there are multiple technological options available for each vertical (Home Intelligence, 


Feeder, Substation and Transmission Automation) respectively. It is not the intent of this chart to represent a comprehensive depiction of ALL technologies.


Communication Line Electrical Power Line


Effective Controls Require Seamless Communications 


(and Data Access) across the Electric System
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Trustworthy Information Sharing is Critical: 


Standards, Privacy Protection and CyberSecurity 


DDoS 
attacks


email propagation of 
malicious code


“stealth”/advanced 
scanning techniques


widespread attacks 
on DNS infrastructure


executable code 
attacks (against 


browsers)automated 
widespread 


attacks


GUI intruder 
tools


hijacking sessions


Internet social 
engineering attacks 


packet spoofing
automated 


probes/scan
s


widespread 
denial-of-service


attacks


techniques to analyze 
code for vulnerabilities


without source code


increase in 
worms


sophisticated 
command 
& control


anti-forensic techniques


home users targeted


distributed attack 
tools


increase in wide-scale 
Trojan horse 
distribution


Windows-based 
remote controllable 


Trojans 
(Back Orifice)1990 2010


coordinated
cyber-physical 


attacks


malicious 
counterfeit
hardware


control systems 
targeted


supply-chain 
compromises


widespread attacks on 
web applications


massive botnets


adaptive, high-
impact, targeted 
attacks on critical 


infrastructures


persistent malware 
infiltration & persistent 


surveillance


widespread attacks on 
client-side software


increase in 
targeted phishing 


& vishing


widespread attacks using 
NNTP to distribute attack


High


Low


A
tta


c
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p
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a
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A
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e
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Source: CERT/Software Engineering Institute/Carnegie Mellon University
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Becoming “Students of the Electric System”: 
Modeling and Analysis Can Help System Operators 
to Approach the System Differently


Computational, mathematical, and scientific understanding is 
needed to transform the tools and techniques (e.g. mathematical 
formulations) that underpin the planning and operation of the 
electric system:


• Accelerate Performance – improving grid resilience to fast time 
scale phenomena that drive cascading network failures and 
blackouts


• Enable Predictive Capability – relying on real-time measurements 
and improved models to represent with more fidelity the 
operational attributes of the electric system, enabling better 
prediction of system behavior and thus reducing margins and 
equipment redundancies needed to cover uncertainties


• Integrate Modeling Platforms (across the system) – capturing the 
interactions and interdependencies that will allow development 
(and validation) of new control techniques and technologies
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Modeling and Advanced 


Computing


Long-Term Vision 


for Power Grid Planning and Operations


Today’s Power Grid Planning 


and Operation Paradigm


Accelerating Performance 
and Predictive Capability


Time


D
y
n
a
m


ic
 S


ta
te


s


From Reactive to Predictive


TODAY:


• Reliance on off-line analysis to set operating 


limits


• Operator trying to make control decisions, 


especially fast decisions during a disturbance, 


on incomplete data


• High reliance on local protection technologies to 


protect the grid if all else fails 
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Integrating Model Platforms
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Real-time diagnostic models 


Markal


Source: M. Kintner-Meyer, PNNL
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Emerging Areas of Model Research


Develop and test new approaches for operations and planning that incorporate…


• Uncertainty
– Wind, other generation


– Load


– Contingencies (discrete, low probability/high consequence)


• Spatiotemporal dimension
– Storage, load shifting


– Ramping constraints and costs


– Unit commitment; economic dispatch


– New generation and transmission infrastructure – dynamic effects


• Environmental costs/drivers


• Infrastructure Inter-dependencies


• Pricing
– Co-optimize, avoiding sequential optimization


(avoid proxy contraints)


– Capture consumer behavior 


(as enhanced by smart grid technologies)


Source: C. DeMarco, Univ. of Wisconsin-Madison








Quadrennial Technology Review:


Infrastructure and Power Electronics


William Parks (DOE/OE)


Kerry Cheung (AAAS/DOE/OE), Tom Schneider (NREL), Tom King 


(ORNL), Carl Imhoff (PNNL), Juan Torres (SNL), Rajeev Ram 


(ARPA-E), David Meyer (DOE/OE), Mark Ingram (TVA), Jay Caspary 


(SPP), Tom Baldwin (INL)


May 23, 2011







An Evolving System


• Changing generation mix
– Intermittent renewable resources


– Distributed generation


• Changing load
– Vehicle electrification


– Demand response


– Energy management systems


• Changing operational paradigms
– Active consumer participation


– More spatial and temporal variability


• To enable and adapt to these changes, the infrastructure 
must evolve to meet the new and growing challenges 
facing the transmission and distribution systems


2
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Bulk Congestion and Reliability Issues


• Solutions can come from lines and 
substations (“nodes”)


– 180,000 miles HV lines


– 15,000 transmission substations


– 11 million miles of LV lines


– 60,000 distribution substations


• Advanced substations can enable 
routable power as well as other new 
functions and capabilities


Substation Components


• Transformers


• Power Converters


• FACTS & Controllers


• Breakers & Switches


• Arresters & Limiters







Opportunities for Technologies and Crosscuts 


Conductors 
& Cables


Transformers
Power


Converters
FACTS & 


Controllers
Switches & 


Breakers
Limiters & 
Arresters


Wires x x - - - x


Dielectrics & 
Insulators


x x x x x x


Magnetics - x x x - -


Power 
Electronics


- x x x x x


Thermal
Management


x x x x - x


• Grid modernization provides many opportunities for replacement of aging 
infrastructure with advanced components


• DOE strength lies in leveraging crosscutting materials research and concepts to 
partner with industry for applied research on grid components


• Technology areas funded (past and present) are denoted by circles
4







Reconductoring


Potential for High Impact:


Can address capacity issues, access large 


amounts of clean energy resources from far 


off locations, reduce losses, improve reliability 


(less sag), be resilient to weather (coatings), 


boost capacity of existing corridors, and 


minimize siting impacts (underground)


Source: Bob Thomas


• Historically, transmission lines have trended 
towards higher voltages for efficiency


• Reconductoring with advanced conductors 
and cables permit higher power densities, 
with more power at lower voltages, and is the 
current trend
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Source: Georgia Tech


Advanced Conductors and Cables
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Overhead Conductors Targets


Conductors that are 10x ACSR


Low sag, operating temp > 200 °C


Operating voltages > 765 kV


Improve loss by 10%


Lower costs, longer life


Needs: improved wire materials, 


dielectrics, heat dissipation


Underground Cables Targets


Cables that are 5x ACSR


High operating temperatures


Improved loss by 10%


Lower costs, longer life


Needs: advanced wire materials (HTS), 


dielectrics, cryogenic coolers


• Improvements in efficiencies and other wire 
properties (mechanical, thermal, electrical)


• Self-healing and diagnostics capabilities


• New technologies can reduce reactive power 
losses and provide control







Routable Power


Simulation Results


• BAU case requires upgrade of 3 
inter-regional paths for a total of 
186,000 MW-miles


• Power flow control to route 
power along underutilized paths 
needs 36,000 MW-miles of new 
lines (20% of BAU)


Source: Georgia Tech


Potential for High Impact:


Can address capacity issues, improve 


asset utilization, reduce need for new 


transmission build out, enhance reliability 


and resiliency, facilitate automation and 


restoration, improve power quality, and 


enable new markets and services
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Power Electronic Systems


FACTS and Controllers
• Increased power control and VAR 


support needed as loads become 
more reactive


• Currently are expensive and 
utilized in limited applications


• Not used in the distribution level


• Key components to enable the 
routing of power


Power Converters
• Constitute a large portion of cost 


associated with HVDC use


• Efficiency is important as installed 
HVDC capacity continues to grow


• Needed for the integration of 
intermittent renewables, electric 
vehicles, and storage


• Multi-terminal HVDC possible


 


 
Source: Siemens


Worldwide Installed 


HVDC Capacity
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Power Electronic Devices


Breakdown Voltage 


Potential


Operating Temperature


Potential


Semiconductor Switch Targets


20 kV, 100 A, 20 kHz


Operating temperatures > 200 °C 


Needs:  Improved materials processing, thermal 


management


• Cost and performance of devices limit  the 
application of power electronic systems


• Advances in semiconductor materials (SiC, 
GaN, diamond) and new architectures will 
help improve this technology







• Ubiquitous and critical component in 
the grid infrastructure


• Potential for size/weight reduction 
and multi-functional capabilities 
(fault current limiting, etc.)


• Can leverage power electronic 
devices for solid-state transformers


• Improved resiliency to geomagnetic 
storm events (main point of failure 
that can lead to blackouts)


Advanced Transformers


Source: OSHA


Source: NASA
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Advanced Protection Devices


Switches & Breakers


• There are no HVDC breakers 
currently available


• Switches facilitate automation, 
self-healing, and restoration


Arresters & Limiters


• Protects equipment from surges 
due to lightning strikes, faults, 
and interruptions


• HVDC limiters also possible


• Two-way power flows (increased distributed generation, use of electric 
vehicles, community storage, etc.) can lead to fault currents that are 
much larger than previously experienced or anticipated


• Advanced protection devices can leverage power electronic advances







Summary


• Grid modernization provides many opportunities for replacement 
of aging infrastructure with advanced components


• Reconductoring is a readily accessible solution that is used


• Routable power will provide significant benefits to the system but 
will require advanced power electronics that are affordable


• Changing grid will require increase use of new protective functions, 
protection devices, and approaches


• Smart Grid Technology and Systems Hub (FY2012 request) – will 
focus around the substation to rethink functional characteristics of 
components and associated material needs for a modernized grid.  
It will also explore redesigns and retrofits of components for the 
seamlessly integration with increased data flows, and to enable 
new markets and services.
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               XXX:  Morning, everybody.  Thank you 


  


 very much for joining us here this morning.  This is the 


 


 fourth of a series of workshops that DOE is holding on the 


 


 Quadrennial Technology Review.  We're really looking 


 


 forward to the discussion and all the info we're going to 


 


 get from you all today. 


 


               I'm going to run through some of the more 


 


 boring logistical bits and pieces before handing things 


 


 over to Under Secretary Koonin.  The first is to remind 


 


 you that you are not members of a federal advisory 


 


 committee and we don't intend to use this group as a 


 


 federal advisory committee.  We're not seeking a group 


 


 decision or consensus views with respect to the issues 


 


 that we will discuss today or as any action the federal 


 


 government should take.  And we welcome your individual 


 


 recommendations and advice, and we're looking forward to a 


 


 productive workshop. 


 


               Also, I'd like to note that participants in 


 


 this workshop should bear in mind antitrust laws and 


 


 restrictions, should check with your counsel before 


 


 engaging in certain activities such as collecting or 


 


 discussing nonpublic data, evaluating public data about 


 


 future prices or costs, or discussing topics whose 


 


 legality you are unsure. 


 


               We ask you to refrain from disclosing any 


  







                  


 


 


 


 proprietary company costs of supply or price information 


 


 or any proprietary company information. 


 


               Lastly, we want to stress that we do not 


 


 intend by this workshop to encourage any specific 


 


 cooperative activity among participating companies that is 


 


 not clearly authorized by current law. 


 


               So one of the commitments that we've made as 


 


 part of this QTR process is a commitment to transparency 


 


 and to outreach.  You are here participating in some of 


 


 that outreach; we appreciate that.  So we have a publicly 


 


 accessible website which I hope you have visited, 


 


 energy.gov/qtr.  We are releasing all external ex-parte 


 


 communications that we receive.  We have published a 


 


 request for information in our framing document, and we 


 


 have received over 60 comments on those documents.  And 


 


 we're holding a series of focus groups and workshops, of 


 


 which this is one. 


 


               One thing to note is that the notes from 


 


 this workshop, as well as the presentations, will be 


 


 posted on the web within a few weeks afterwards, after we 


 


 get the transcripts.  However, we will anonymize the notes 


 


 so that it's -- the words will be there, but not 


 


 attributed so as to help encourage free-flowing 


 


 conversation here but while still remaining open to the 


 


 public who are not here in the room with us. 


  







                  


 


 


 


               As I said, this is the fourth of a series of 


 


 workshops.  We did two workshops on the transport sector. 


 


 We were in Pittsburgh last week to discuss efficiency. 


 


 We're in Scottsdale today to talk about the grid, and in 


 


 two weeks we will be actually in Boulder I think to talk 


 


 about clean electricity.  And we will have -- well, that 


 


 actually may or may not be on that date.  As XXX 


 


 says, we're making this up as we go along, so don't hold 


 


 that date too firmly. 


 


               So you all have seen a copy of the agenda, 


 


 but just to run through it with a little bit of context 


 


 and explanation, we will start with some opening reXXXs 


 


 from XXX.  We will move into a panel discussion of 


 


 some cross-cutting questions that XXX will raise in 


 


 his presentation, and then we'll open the floor to the 


 


 full group discussion on those questions.  Then we'll move 


 


 across to the room across the way where some of us were 


 


 having breakfast and have breakout sessions, continuing on 


 


 basically using that earlier conversation as a seed for 


 


 the breakout session discussions.  Then we'll break for 


 


 lunch.  I think lunch may actually not be served until 


 


 noon so the breakout session may run a little bit longer. 


 


               Then in the afternoon we'll start with some 


 


 technology presentations from DOE folks, and then we'll 


 


 have breakout sessions where we really dive into those 


  







                  


 


 


 


 technical topics.  Then we'll come back through a series 


 


 of report-backs, both on the technical discussions and 


 


 sort of summary report-back of the morning breakouts.  And 


 


 then we'll return back to full group discussion on those 


 


 questions when we have the context of the day behind us. 


 


               So why don't we just take a few minutes so 


 


 everybody knows who's here and just go around the room and 


 


 everybody just very brief who you are, where you're from, 


 


 and we'll just go around. 


 


               So I am XXX.  I am a AAAS Science 


 


 and Technology policy fellow.  I work in XXX's 


 


 office. 


 


               XXX:  XXX, Under Secretary 


 


 for Science at DOE. 


 


               (Inaudible gallery introductions.) 


 


               XXX:  Thank you all for being here. 


 


 Also I want to highlight the congregate of Arizona State 


 


 folks in the choir and particularly thank Arizona State 


 


 for providing logistical support and note-takers and such 


 


 for today's workshop and breakouts and helping coordinate 


 


 this and allow us to actually have this event here. 


 


               So with that, I'll turn it over to 


 


 XXX. 


 


               XXX:  Good morning, and thanks to 


 


 everyone for coming for the day and participating. 


  







                  


 


 


 


               This is we think a very important and 


 


 fundamental exercise for the Department, basically trying 


 


 to tell the story about the Department's activities in 


 


 energy, why they're important, what we are doing to tell 


 


 the story not only to the outside world, our stakeholders, 


 


 whether elsewhere in the administration, in Congress, the 


 


 private sector, but also frankly to tell the story to 


 


 ourselves. 


 


               The DOE recently issued a strategic plan, 


 


 the first that had been done in about five years.  I had 


 


 the pleasure of shepherding that exercise as well.  And 


 


 it's fascinating even within the Department to sit down 


 


 with different stakeholders and ask what do you think the 


 


 Department of Energy should be doing.  And you get such 


 


 divergent answers.  It's an interesting discussion. 


 


               So let me tell you what it is that the 


 


 Quadrennial Technology Review is about.  We're aiming to 


 


 provide a context and framework for the Department's 


 


 energy program.  So this is about the energy part of the 


 


 Department.  For those of you who don't know, the energy 


 


 technologies are about $4.3 Billion a year.  In addition, 


 


 some fraction of the Office of Science, which is in total 


 


 5 Billion a year basic research, touches on energy 


 


 technologies.  But those two together are about a third of 


 


 the Department's total activities.  We spend about 


  







                  


 


 


 


 11 Billion a year in round numbers on nuclear security, 


 


 i.e. the nuclear stockpile nonproliferation and naval 


 


 reactors, and another 6 Billion a year roughly in 


 


 environmental management or cleanup of the cold war 


 


 legacy.  So we are a relatively small part of the 


 


 Department of Energy, but nevertheless in many ways the 


 


 most visible in the energy technologies. 


 


               So we're looking for principles by which we 


 


 might be able to establish multi-year plans and budgets. 


 


 One of the things that seems to be very important is to be 


 


 able to articulate a rationale for why the Department does 


 


 what it does.  Not only does it let us plan more 


 


 effectively but also provides some protection against 


 


 interventions by various other players in the budget 


 


 process about, oh, why don't you go do that.  And of 


 


 course energy technology is one of those fields where 


 


 everybody's got a favorite.  And if you look at the 


 


 Department's programs, they reflect that to some extent. 


 


               We're also of course interested in providing 


 


 some views about the technical status and potential of 


 


 various technologies.  So, you know, we could drive down 


 


 the cost of solar by X with a concerted program, or we've 


 


 pretty well hit the bottom in internal combustion engines. 


 


               So we are embarked on a process in that we 


 


 will produce a document within the next several months 


  







                  


 


 


 


 that consists of a framing of the energy challenges, a 


 


 discussion of the various roles of government, the private 


 


 sector industry, the national laboratories, universities 


 


 in transforming the energy system; as I mentioned, 


 


 roadmaps for technologies, principles for the Department's 


 


 activities; some discussion of a support for demonstration 


 


 projects which are a large and often contentious and 


 


 frankly somewhat inconsistent part of the Department's 


 


 activities, and then of course the connections between 


 


 policy and technology. 


 


               Here's the timeline for the exercise, and 


 


 I'll walk you through it just briefly.  Back in November, 


 


 at the end of November, PCAST issued a report from a task 


 


 force chaired by Ernie Moniz and Maxine Savitz, and what 


 


 they said was there shall be a -- or they're recommending, 


 


 of course it's only recommendations, advisory: the 


 


 government should undertake a quadrennial energy review 


 


 analogous to the government's quadrennial defense review. 


 


               Those of you who know that latter exercise 


 


 know that it is a four-year process with typically 


 


 five-year horizons that outlines the nation's defense 


 


 posture, the force requirements needed to meet the defense 


 


 challenges, and then an acquisition strategy on a 


 


 five-year horizon.  And that document actually has a lot 


 


 of credibility as one goes through the budgeting 


  







                  


 


 


 


 appropriation authorization processes. 


 


               If you look at energy, energy has some 


 


 fundamental differences from defense, but the energy 


 


 system is really quite different the way we do government 


 


 activities.  And they thought doing this kind of five-year 


 


 horizon in an integrated way would be a useful thing. 


 


               They also recognized, however, that that 


 


 would be a massive undertaking.  Energy touches probably 


 


 about ten different cabinet agencies.  It necessarily 


 


 involves the private sector, et cetera, et cetera.  And so 


 


 they said that would be too hard to do, particularly given 


 


 where we are in this administration's cycle.  And so, DOE, 


 


 you go off and do your own for practice, was their 


 


 recommendation.  We figure -- PCAST figured it will take 


 


 about six months and you should do it on DOE's activities 


 


 in energy, primarily technologies. 


 


               Then back in January, after thinking about 


 


 it and some discussions with the folks in the White House, 


 


 the Secretary asked me to go ahead and try to do this. 


 


 Discussions with OMB subsequently narrowed the scope down 


 


 to energy technologies and the policies that might affect 


 


 their development and demonstration, mostly within the 


 


 Department of Energy.  And so we will not get into such 


 


 issues as what should the ethanol tariff be or what 


 


 exactly should the clean energy standard be.  However, you 


  







                  


 


 


 


 know, the financial arrangements for the support of large 


 


 demonstrations are perfectly well within our scope. 


 


               And I think actually that focusing is a 


 


 good thing.  It will cut the problem down to something 


 


 that is very manageable and also will necessarily underlay 


 


 any quadrennial energy review that the government might 


 


 choose to undertake in the next year or so.  So this is 


 


 not the energy review -- the government has not decided to 


 


 do that -- but nevertheless is an important foundation for 


 


 it. 


 


               We put our framing document in mid March on 


 


 the web.  I expect you all will have seen it and perhaps 


 


 had a chance to read it.  Public comments went through mid 


 


 April, as XXX mentioned about 60 of them.  They're all up 


 


 on the website, which one can easily access.  The 


 


 workshops are discipline specific and are meant to be a 


 


 solicitation of input and comment from diverse 


 


 stakeholders on each of the strategies.  Our goal is to 


 


 submit by the end of July or beginning of August a 


 


 document to the White House for approval and then release 


 


 before the end of the calendar year. 


 


               As XXX mentioned, we're trying to run a very 


 


 public process, in contrast to perhaps other energy 


 


 exercises in previous administrations and also in contrast 


 


 to the QDR where the government owns defense, whereas it 


  







                  


 


 


 


 is the private sector that owns energy sources. 


 


               Here is the larger goal for the exercise, 


 


 and I thought I would just walk you through the different 


 


 pieces so you can get a sense of where this meeting today 


 


 fits in.  Let me start first with the energy context.  In 


 


 the framing document, we tried to paint the U.S. energy 


 


 landscape and the challenges associated with it, 


 


 predominantly oil security, U.S. competitiveness, and 


 


 environmental impacts.  That discussion naturally leads to 


 


 a set of six strategies which we've been using to frame 


 


 the process.  There are three strategies on the bottom for 


 


 transportation and three on the top for stationary keyed 


 


 more or less to the common Sankey diagram that one sees. 


 


               On the transport side, increased vehicle 


 


 efficiency, starting from the right to left, biomechanic 


 


 style; second, progressively electrify the fleet, starting 


 


 with hybridization through plug-in hybrids and then varied 


 


 vehicles; and then deploy alternative fuels.  We're going 


 


 to need -- beyond electricity, you will need some sort of 


 


 chemical energy to power heavy-duty transport.  Electric 


 


 airplanes are pretty far in the future if they're there at 


 


 all, so we're still going to need liquid hydrocarbon.  The 


 


 dominant goal on the transportation side is to reduce oil 


 


 consumption, not necessarily reduce foreign oil 


 


 consumption, because those of you who know anything about 


  







                  


 


 


 


 the oil business know that there is no such thing as 


 


 foreign oil.  But it's really to reduce crude and decouple 


 


 from the global oil Market. 


 


               On the stationary side, increase building 


 


 efficiency and industrial efficiency.  We had a great 


 


 workshop in Pittsburgh last week on that.  Modernize the 


 


 grid, which is this discussion.  And then in two weeks in 


 


 Denver the clean electricity discussion.  Each of these 


 


 boxes is a strategy that mixes policy, economics, and 


 


 technology.  We're about the technology, but you're still 


 


 free to comment on the policies.  But in the end, the QTR 


 


 will be about the technologies in each of those areas. 


 


               A second piece of the flow in the exercise 


 


 are technology assessments.  We have inaugurated actually 


 


 about six weeks ago 14 different technology assessment 


 


 teams, each led by a DOE person but involving people from 


 


 the laboratories as well that are meant to produce 


 


 assessments of various technologies important to energy. 


 


 All of the usual suspects are there.  There are two or 


 


 three associated with the grid.  I've forgotten how many. 


 


 Three?  Three.  And we will hear from them this afternoon. 


 


 They are meant to talk about the status and potential of 


 


 the technologies, about the roadmaps for improving the 


 


 technologies, cost milestones, scheduled performers and so 


 


 on. 


  







                  


 


 


 


               As I like to say it, these are not program 


 


 plans or budgets.  They're meant to be kind of one and a 


 


 half significant figure assessments so that at the end 


 


 we'll be able to say, you know, do more wind and do less 


 


 bio fuels or something like that. 


 


               Here is what we would like to have in a 


 


 discussion of each of the technologies.  Why is the 


 


 technology there?  Not all technologies will be included. 


 


 Some might be too mature, others too immature, some might 


 


 not be material enough.  What's the head room in the 


 


 technology?  How much could you imagine it providing in 


 


 terms of supply or how much efficiency could we get out? 


 


 In other words, what impact could you imagine it having? 


 


 What's the current state of play among the actors? 


 


 Roadmap, what is the DOE history in this set of 


 


 technologies and what has it actually done? 


 


               I started to make myself unwelcome a year 


 


 and a half ago when I started asking around the DOE, well, 


 


 what impact have you really had in energy and after 


 


 30-some-odd years in the DOE.  I'd be interested to hear 


 


 your answers, those of you who know the Department well. 


 


 What impacts has the DOE really had in energy? 


 


               Policy context barriers, and then some 


 


 specific things.  You know, somebody said wide-bandgap 


 


 semiconductors for power electrons or something is 


  







                  


 


 


 


 important.  That's the kind of thing we're looking for in 


 


 these technology assessments. 


 


               Technology assessments happen in the 


 


 afternoon today.  What happens in the morning today is a 


 


 discussion of the central column in this logic flow, which 


 


 is, well, who and how do we do these things.  I'm 


 


 interested in a discussion of the various players and 


 


 their relative roles in making energy transformation 


 


 happen, private versus government, within the government, 


 


 and with DOE versus Interior versus whomever.  I'm 


 


 interested in discussion with respect to the grid of the 


 


 relative potency of the economic, the policy and the 


 


 technology level. 


 


               I saw a study that a crew in California has 


 


 just put out that says California could get 60 percent 


 


 greenhouse gas reductions by just deploying existing 


 


 technologies.  And so the development of new technologies 


 


 there is a second longer range thing, and the most 


 


 important thing is to get everybody to start to deploy. 


 


 So how is it here within the grid modernization 


 


 discussion?  And then again lab versus academia versus the 


 


 private sector. 


 


               Ideally if we get all that discussion right 


 


 we will get a set of principles that would guide the 


 


 construction of the DOE activity portfolio.  So do more 


  







                  


 


 


 


 long term, do more short term, don't do demonstrations.  I 


 


 mean, principles like that.  I think we're far enough 


 


 along to realize that there will be no one set of 


 


 principles applicable for all six boxes, except very 


 


 general ones.  But it would be good to get your sense of 


 


 what you all think the principles might be for the grid 


 


 work. 


 


               If you then take all three of those strands 


 


 together, the strategies are what you're trying to do, the 


 


 portfolio principles, and the technology roadmaps, which 


 


 depending on your metaphor are either the ingredients that 


 


 you make the stew from or the palate from which you paint 


 


 the picture or the basis vectors from which you draw the 


 


 solution, that should give us a portfolio and a sense of 


 


 priorities.  That is about as far as the QTR goes, down to 


 


 that second box. 


 


               The detailed program plans and budgets are a 


 


 separate exercise that's going on within the Department 


 


 for FY 13 now, but nevertheless this process is closely 


 


 coupled with and strongly informing of that discussion. 


 


               So we're interested again this morning on 


 


 relative roles of players, principles by which we should 


 


 evaluate and prioritize various technologies, and then the 


 


 connections of energy technology, innovation, and policy. 


 


               We thought it would be interesting for you 


  







                  


 


 


 


 to see some of the comments that have come in.  They're 


 


 all up on the web so there's no embarrassment here, or at 


 


 least no additional embarrassment by putting them up.  And 


 


 here are some that seem to us particularly interesting. 


 


 William Pickard, from Washington, who I don't know, says 


 


 in this present world energy is the commodity of 


 


 commodities, and Congress should do whatever is 


 


 constitutionally permissible to make it flow.  The logjam 


 


 on energy transmission must be removed, assuring that 


 


 safety of that transmission is a realistic goal. 


 


               That sounds like an eminently sensible 


 


 comment to me.  On the other hand, I'm interested that 


 


 energy is equated with the grid here, and that's sort of 


 


 one of the characteristics we've seen going around talking 


 


 to lots of people, that there tend to be rather narrow 


 


 views of what energy is: energy is the grid, it's the fuel 


 


 system, it's all of the end uses thereof and the providers 


 


 of.  And so good to have a more synoptic view as we go 


 


 into these discussions. 


 


               UTC Power says policies should encourage 


 


 utilities to deploy distributed generation to supply and 


 


 support, supplement the central grid.  So they'd like to 


 


 see that. 


 


               Some of you will know or have read the books 


 


 of Vaclav Smil, characteristically blunt in a set of 


  







                  


 


 


 


 comments:  Compared to Europe the country has no 


 


 interregional interconnections and the grid looks 


 


 quasi-medieval. 


 


               Other experts in this Near Zero discussion 


 


 saw the task of modernizing the grid as one of deployment 


 


 and development and said what -- why is DOE investing in 


 


 technology at all there. 


 


               And then B&W said DOE should develop 


 


 roadmaps and set guidance on combining intermittent 


 


 renewables with backups or storage.  Wind and solar PV 


 


 providers continue to improve reliability but currently 


 


 have no incentive to deal with the intermittency problem. 


 


               So those are some of the flavors of what 


 


 we've heard about the grid. 


 


               To prime you for the discussion we're about 


 


 to get started in, here are some things we heard from the 


 


 three other workshops we've held so far.  Somewhat 


 


 surprising in many ways.  The alternative fuels workshop, 


 


 the value proposition of the Department is predominantly 


 


 in technology assessment, not technology invention. 


 


 That's pretty interesting.  Many people working in the 


 


 Department believe it's our job to invent the technologies 


 


 that will foster the clean energy revolution. 


 


               A second thing we heard at the fuels was 


 


 really interesting.  If you read the framing document we 


  







                  


 


 


 


 have been talking about U.S. competitiveness in energy 


 


 largely as the ability to innovate, to develop new energy 


 


 products, and then go manufacture them and sell them to 


 


 the rest of the world.  What some folks at this workshop 


 


 said was, you know, you got it a little bit backward. 


 


 Inexpensive energy is what is driving U.S. competitiveness 


 


 and cited, for example, the return of chemical industries 


 


 to the U.S. and manufacturing because of the cheap gas 


 


 that we have right now.  So that was an interesting take 


 


 on the situation. 


 


               In the vehicles workshop, efficiency and 


 


 electrification, a lot of uncertainty around consumer 


 


 acceptance of new technologies, particularly the 


 


 electrification, but also the fuels, whether it's hydrogen 


 


 or CNG, and we're entering a decade of experimentation. 


 


 Other people noted that we're already well into a decade 


 


 of experimentation and it should be soon time to make some 


 


 selections. 


 


               The disconnect between infrastructure and 


 


 vehicles here was important and a major topic of 


 


 discussion.  Right now the infrastructure and vehicles are 


 


 owned by disconnected sets of folks, the oil companies 


 


 versus the vehicle manufacturers and consumers.  Obviously 


 


 they have to play together.  If you think about going to 


 


 alternatives, whether it's electricity or a hydrogen or 


  







                  


 


 


 


 natural gas, you've got to get both of those pieces moving 


 


 together, and that is again a real social challenge as 


 


 much as it is a technology challenge.  And what is DOE's 


 


 role here?  Not clear. 


 


               Public-private partnerships, very important 


 


 here because the industry is quite mature. 


 


               Then on a technical level with respect to 


 


 the electric vehicles, there's disagreement on the need 


 


 for fast charging.  One person said, you know, if it takes 


 


 me more than five minutes to charge up my battery, this is 


 


 a nonstarter for me.  And then other people said no, no, 


 


 you don't understand.  You don't have to charge it all the 


 


 way, and anyway you can go get a couple cups of coffee 


 


 while it's charging.  So that kind of sociological 


 


 discussion is very interesting.  And of course very 


 


 important for this workshop is the ability of the grid to 


 


 handle growing electrification on the transport system. 


 


               In the buildings workshop what came through 


 


 was that we really need better data.  We're flying blind 


 


 on how efficiency is used in homes, in industry, and we 


 


 need better models informed by that data.  You would think 


 


 with modern technology you could just scatter sensors 


 


 everywhere and collect data, but in fact the data sets we 


 


 have are pretty sparse.  So there's a wonderful 


 


 opportunity here to go out and get some real data, which 


  







                  


 


 


 


 as I've discovered in energy discussions really changes 


 


 the tone of the conversation. 


 


               Skilled workforce matters, both at the 


 


 installer level but also at the sort of engineer designer 


 


 level, but again not clear what DOE's role is given the 


 


 way it is presently structured. 


 


               Okay.  Let me then turn to what I'd like to 


 


 have us focus on this afternoon -- this morning.  Let me 


 


 put up some cross-cutting questions.  The grid has got 


 


 many different technologies and applications.  How do we 


 


 balance the depth versus the breadth of our investment? 


 


 Take a few things and push hard or really spread our 


 


 investments around? 


 


               As I've mentioned already, nontechnical 


 


 barriers seem at least as significant as the technology 


 


 ones, and how do we balance our efforts in those.  And if 


 


 so, what do we do about the nontechnical barriers? 


 


               What about different time scales to impact, 


 


 should we be working on things that can have an impact in 


 


 five to ten years?  At least in the political sphere the 


 


 energy challenges are important and urgent, et cetera, 


 


 et cetera.  Does urgent mean we can wait    years to see 


 


 the impact of a technology, or do we really need to be 


 


 working on a shorter time frame? 


 


               And then with respect to this first 


  







                  


 


 


 


 question, the DOE has been repeatedly noted as being a 


 


 technology agency and hence focussing more on widgets than 


 


 on systems.  The grid of course is the quintessential 


 


 system, and are we doing enough at a system level rather 


 


 than synchrophasors or inventing superconducting 


 


 transmission cables or pick your favorites.  So the system 


 


 view versus the widget view. 


 


               Another question, are infrastructure 


 


 investments keeping pace with our investments in new 


 


 generation and what the end users are doing?  What role 


 


 should DOE play in shaping the infrastructure investments? 


 


               The grid, we've got several different ways 


 


 we can go about tackling it: large-scale deployment of 


 


 clean generation, the smart grid, energy storage.  What 


 


 about the phasing of all work in those three different 


 


 areas?  Do we need to have the storage in place before we 


 


 can ramp up on the renewables, for example, or the other 


 


 way around?  How does that work?  Should we think about 


 


 timing our efforts differently? 


 


               What are the prospects for significant new 


 


 transmission assets nationally?  Again, as I've learned, 


 


 this is not so much about technology as about politics and 


 


 economics.  Where would you put them optimally?  What 


 


 would have to happen to alter your opinion on the topic? 


 


 And if there is to be no new transmission for the 


  







                  


 


 


 


 foreseeable future, how should our portfolio of activities 


 


 change? 


 


               Penultimate bullet, what are the rules? 


 


 Again, we keep looking for rules to help us put together 


 


 the portfolio or the program and hence the budget.  Does 


 


 every technology deserve to be in there?  When does a 


 


 technology get to be included?  When does it exit and we 


 


 say, hey, we've done it already, it's now commercial, you 


 


 don't need government funding anymore to keep it going? 


 


               What metrics should we use to measure grid 


 


 technology?  The grid is one of the harder things to 


 


 measure, at least from where I sit.  I would like to hear 


 


 your own opinions.  You know, if it's clean electricity, I 


 


 can measure emissions, cost of electricity, ability to 


 


 ramp up and ramp down, pretty quantifiable things. 


 


 Similarly in vehicles, cost per megajoule of fuel, miles 


 


 per gallon, et cetera.  I'm having a hard time with -- 


 


 well, actually, we are having a hard time with the grid. 


 


 So your help there for metrics would be useful. 


 


               And then finally, what does the DOE do for 


 


 you?  Where have you seen the benefit of our work in the 


 


 power system? 


 


               So those are the kinds of questions I would 


 


 like us to focus in on this morning.  As I said, we'll get 


 


 to the technologies this afternoon. 


  







                  


 


 


 


               So we're going to try to address some of 


 


 those questions first in a panel and then in plenary and 


 


 breakout discussions.  So let me ask XXX, XXX, and 


 


 XXX to come up and take a seat, and we will get started. 


 


               While they're doing that, does anyone have a 


 


 question or comment on what I've tried to lay out so far? 


 


               I guess there are microphones there.  So 


 


 let's just go down the row, you can remind people of who 


 


 you are and maybe a little bit more about your own 


 


 background. 


 


               XXX:  Well, thank you, Under 


 


 Secretary Koonin.  It's a pleasure to be here. 


 


               I'm XXX, with NIST, and I work on 


 


 standards for the grid and mostly with DOE, of course. 


 


 And, you know, my role in the standards causes me to think 


 


 a great deal about the infrastructure aspects about what 


 


 we're doing, because standards really are key to embedding 


 


 new technologies into an infrastructure. 


 


               The questions that were posed really 


 


 triggered a number of thoughts that I'd like to share. 


 


 Well, looking at the big picture, one of the things that 


 


 distinguishes the grid and the energy system in the U.S. 


 


 from some other countries is the degree of fragmentation 


 


 that we have.  We have over -- well over 3,000 electric 


 


 utilities.  Many of them are very small entities.  They're 


  







                  


 


 


 


 regulated in different ways.  And as I contrast other 


 


 parts of the world, China is a totally different system 


 


 where things are much more centrally planned.  We just 


 


 don't have that in the U.S.  So I think one of the 


 


 important roles that DOE needs to play is to provide kind 


 


 of the glue that allows this very fragmented system to 


 


 work in a somewhat more coordinated way, addressing key 


 


 national challenges. 


 


               As I think about the kinds of things that 


 


 DOE could be addressing, the dichotomy of widgets versus 


 


 systems, I think there needs to be a dual focus. 


 


 Certainly there are key technologies in which we really 


 


 need some break-throughs in order to -- for them to be 


 


 viable, thinking here of things like storage and 


 


 batteries, where we have vehicles and we really need to 


 


 get dramatic reductions in cost and fundamental science 


 


 and engineering.  Technology development is near and dear 


 


 in DOE's investment and is really important. 


 


               But I think that many of the technologies 


 


 that we're dealing with in modernizing the grid have been 


 


 around for a long time, and barriers to using them have 


 


 been more deployment related.  Technologies have been 


 


 demonstrated in laboratories or small-scale pilots, but 


 


 you don't really get the benefits until they're widely 


 


 deployed.  I'm thinking of something like phasor 


  







                  


 


 


 


 measurement units where the technology has been around for 


 


 about 20 years, but until you actually deploy a lot of 


 


 them and have the ability and infrastructure to collect 


 


 data, you don't get the value.  So I think that looking at 


 


 one of the key infrastructure challenges were some 


 


 coordination, investment, and leadership.  These are areas 


 


 where DOE can really have a big impact. 


 


               So I think I'll stop there and turn it over 


 


 to our next panelist. 


 


               XXX:  So we have a choice.  We can -- 


 


 why don't we go down the panel, and then we can come back. 


 


               XXX. 


 


               XXX:  Well, good morning.  And I guess 


 


 as the Arizonan on the panel I want to welcome you, 


 


 XXX and everyone here, to the great state of 


 


 Arizona and the solar energy capital of the world.  And we 


 


 hope -- the solar energy research capital of the world, 


 


 too.  But thank you all for being here and picking Arizona 


 


 as the place for this important workshop. 


 


               I'm XXX.  I am a former Arizona 


 


 Corporation Commissioner.  I had the great joy of serving 


 


 the people, the 7 million people of Arizona, as one of 


 


 their public utilities commissioners.  I served as the 


 


 chairman of the commission for two years, from 2008 to 


 


 2010.  During that time had the, you know, absolute honor 


  







                  


 


 


 


 of helping to coauthor Arizona's renewable energy 


 


 standard, which has one of the most ambitious distributed 


 


 generation carve-outs contained within it, and also 


 


 helping to coauthor the nation's most ambitious energy 


 


 efficiency standard at 22 percent by 2020.  So we believe 


 


 in Arizona that we have one of the most decentralized 


 


 systems of provisioning energy, or at least moving toward 


 


 that, and so we think we have a lot to offer and we're 


 


 pleased to be here to talk about these critical issues. 


 


               And I don't want to go through all my 


 


 comments, but I was so intrigued, XXX, by your 


 


 opening comments when you said we're here to tell the 


 


 story about the Department.  And I hope -- that's going to 


 


 be a theme of my comments, because I think that is so very 


 


 important.  We can have all the meetings that we want of 


 


 great experts like we have assembled in this room, but if 


 


 we don't have the support of the people of this country 


 


 for what we're doing, if we don't inspire the people of 


 


 this country with what the DOE is spending Billions of 


 


 dollars on, if we don't have an immediate impact on our 


 


 nation's most important and critical energy problems, then 


 


 all of these meetings will be for not.  And, you know, we 


 


 are at a -- I personally think, as a former regulator and 


 


 now a law professor -- I forgot to say law professor at 


 


 the Sandra Day O'Connor College of Law at Arizona State 


  







                  


 


 


 


 University -- I personally truly believe that we are at a 


 


 pivotal point in our nation's energy history at a time 


 


 when our economy is still struggling, when -- well, I know 


 


 Americans truly believe we need to move toward a clean 


 


 energy economy -- it may not be top of mind for everybody 


 


 because they're worried about pocketbook issues -- and at 


 


 a time when unfortunately energy efficiency renewables, 


 


 the grid, smart grid have become politicized in a way that 


 


 I think is not good for our country.  And so we need to 


 


 find ways to not just advance technology but also deploy 


 


 technology in a way that it engages Americans and tells 


 


 the great story of agencies like the DOE, the EPA, and 


 


 states that have been taking the lead. 


 


               XXX:  Thanks. 


 


               XXX:  Thanks, Under Secretary 


 


 Koonin.  I appreciate the invitation. 


 


               I'm XXX, with the Electric 


 


 Power Research Institute.  Good to be here in Phoenix. 


 


               XXX, is anyone left at Arizona State?  It 


 


 seems like you guys -- is anyone guarding the fort? 


 


               XXX:  Not right now anyway. 


 


               XXX:  They're all here.  That's 


 


 great.  Pleasure to be here. 


 


               I'm in charge of our overall research in the 


 


 grid, all the way from the generator to the washing 


  







                  


 


 


 


 machine.  And it is a critical area facing us right now. 


 


 My own background, I come from more the smart grid and 


 


 distribution side of EPRI.  I've been there since 2003. 


 


 Before that with both vendors and consultants in the 


 


 energy field, working with EPRI and DOE over many years. 


 


 And it is a very exciting time. 


 


               I work with XXX and XXX on the smart 


 


 grid interoperability panel, and I think that, you know, 


 


 one thing right off the top of the list for DOE is helping 


 


 with the foundation in terms of the architecture and the 


 


 standards for making all this technology work together. 


 


 Because we work on the individual technologies and the 


 


 first question we're going to get to in terms of the depth 


 


 versus the breadth of the investment, we really do need to 


 


 understand how it all plugs together.  And cyber security 


 


 issues come into play there right at the top of the list 


 


 in the industry, where it really all revolves around how 


 


 we're going to make this architecture work with 


 


 distributed controls that need to work together and each 


 


 one of these technologies that we're dealing with having 


 


 its own controls and need to plug into that architecture. 


 


 So I think that's a very important aspect that we'll keep 


 


 in mind as we talk today. 


 


               XXX:  Good.  Thank you. 


 


               I've got a few questions now of my own 


  







                  


 


 


 


 written down, but I'm going to save them if there's a gap 


 


 in the discussion over the next bit.  So I'm just going to 


 


 throw the floor open for comments of the panel, questions, 


 


 questions the panel might have of one another is always 


 


 good.  Common tactic on thesis committees, right?  Get the 


 


 committee fighting with itself. 


 


               So the floor is open for anyone. 


 


               XXX:  XXX, of Beacon Power. 


 


               XXX:  There's a mike in the aisle 


 


 here if you want to use that. 


 


               XXX:  Thanks.  Can you hear me now? 


 


               XXX:  No better.  Use your big voice. 


 


               XXX:  How about now? 


 


               XXX, you mentioned the one item that 


 


 I think is very, very important, the whole notion of 


 


 dispersement or deployment of the technology.  This is a 


 


 very hard phase of the whole technology invention and 


 


 development and then eventually trying to get it to take 


 


 root from a commercialization standpoint.  You mentioned 


 


 that our system from a regulatory standpoint is -- the 


 


 term is vulcanized.  You didn't use that terminology, but 


 


 we've all heard it.  And it's extraordinarily difficult to 


 


 make that jump from eureka, I've got something that really 


 


 works well, you know, to getting it into the system. 


 


               And even though, you know, classically DOE's 


  







                  


 


 


 


 role has been let's focus on the widget side and maybe the 


 


 system of widgets, to a degree you can warp -- more work 


 


 needs to be placed on the deployment side.  You've done 


 


 that -- to a large degree you have put kinetic energy 


 


 storage on the map, going from laboratory scale to 


 


 demonstration to full scale and deployment.  And it works 


 


 extremely well, but it's not quite done yet.  The supply 


 


 chain is still really not there.  So you kind of have to 


 


 work on that back end harder.  Don't know how to do it, 


 


 but that's the problem. 


 


               XXX:  If I could, you know, respond 


 


 to that, I think that there are a couple of things that 


 


 I've observed are really barriers to deploying new 


 


 technologies.  One is that most of the R&D, when you get 


 


 beyond the science, a lot of that is funded by DOE.  But 


 


 when you get to the R&D of the widgets, if you will, a lot 


 


 of that is being done by industry, by the suppliers.  The 


 


 electric utilities for the most part -- I can think of a 


 


 few exceptions -- very large utilities, but again we have 


 


 3,000 utilities, are really not incented to spend a lot on 


 


 R&D.  In fact, they've been driven by the regulatory 


 


 system that we have to reduce R&D expenditures.  So what 


 


 you have are new technologies that need to be integrated, 


 


 you know, proven in to a grid.  And that takes engineering 


 


 talent, and the suppliers can't do that.  The utilities 


  







                  


 


 


 


 have to do the integration and prove this in.  And if they 


 


 don't have the funds and the human resources to do that, 


 


 it's not going to happen. 


 


               So the reason they don't have funds is that 


 


 regulators really have a premium on keeping rates low and 


 


 do not see this linkage between technology and ultimate 


 


 end-user benefit.  So we really need a way for government 


 


 to kind of, you know, put more emphasis both on the 


 


 getting the regulatory system to appreciate the need for 


 


 the R&D investment by the utilities as well as building a 


 


 capability, human resources as well as the financial 


 


 means, to get this deployed and the entities to deploy 


 


 these technologies.  So I think that's an area in which 


 


 DOE can really, you know, play a role in making this very 


 


 fragmented system operate a little bit more like it's a 


 


 coordinated system with a longer goal plan. 


 


               XXX:  I'd like to -- your thoughts 


 


 stimulate a comment relative to the fossil fuel industry. 


 


 There are many folks in Washington, but not all, that 


 


 think that the Department shouldn't be in fossil fuel 


 


 research at all because, after all, there's plenty of 


 


 money there at the moment.  And if they need the 


 


 technology, then they will develop it. 


 


               You might try to make the same argument in 


 


 the grid sector.  I scribbled a little bit.  Say 


  







                  


 


 


 


    Billion a year is the scale of grid business, something 


 


 like that, at a penny a kilowatt hour times 4,000 terawatt 


 


 hours a year.  There's plenty of money there.  But it is 


 


 this regulated and fragmented nature of the grid that 


 


 makes it different and enhances the government's role. 


 


               XXX:  Right.  And, you know, if you 


 


 have a utility that's able to prove it in technology, if 


 


 that -- if it were a pilot in one entity -- you know, I 


 


 think back to early in my career 30 years ago at AT&T 


 


 where because it was one system we could prove something 


 


 in at one place and then deploy it to scale.  But with 


 


 3,000 utilities, each of them acting independently and 


 


 really an unwillingness to -- well, inability to see the 


 


 results of what the utility is doing or to really believe 


 


 in it, it just doesn't happen. 


 


               XXX:  Under Secretary Koonin, 


 


 I'd like to comment on one reXXX you alluded to and two 


 


 that XXX raised.  You mentioned one comment received 


 


 about the importance of low-cost energy.  That almost got 


 


 it right.  It's actually low-cost energy services.  By 


 


 that I mean it's not just that we pay less for natural 


 


 gas, but it's the arrangement by which we use the natural 


 


 gas and emit more pollution, more POx, or we have an 


 


 industrial process that has many two-step -- too many 


 


 steps in the process of producing its goods.  So to the 


  







                  


 


 


 


 extent we integrate efficiency in a way that allows an 


 


 industrial firm to drop out a step in the process, 


 


 something that reduces energy services to the extent we're 


 


 more efficient, we don't have as much in the way of POx or 


 


 carbon or other conventional pollutants to it.  So the 


 


 total cost of energy services absolutely has to decline 


 


 not from tomorrow's projected dollars but from today's 


 


 dollars.  I don't think people understand that critical 


 


 role. 


 


               But then what XXX said is absolutely right. 


 


 We've got to tell the story, and we do not have a 


 


 fundamental appreciation in this country of how energy is 


 


 being (inaudible).  And more critically, notwithstanding -- 


 


 and I will challenge the PNNL folks.  Your famous 


 


 spaghetti diagram suggests that we're maybe about 


 


    percent efficient in the way we use energy.  In fact, 


 


 if you look at the numbers from my colleague XXX, 


 


 many consider him to be the father -- godfather of 


 


 industrial ecology, our economy is at best 13 to 


 


 14 percent energy efficient with the way we convert energy 


 


 into useful work in this economy.  That means we're 


 


 wasting 87 percent of all the energy we throw at the 


 


 problem. 


 


               The grid moved from about 2 and a half 


 


 percent efficiency in 1900 to about 32 percent efficiency 


  







                  


 


 


 


 in 1960.  I was in junior high school.  Ike was in the 


 


 White House.  And we haven't fundamentally gotten any 


 


 better with the grid efficiency since the 1960s.  What we 


 


 waste in the production of electricity because of the grid 


 


 is more than Japan uses to power its entire economy.  It's 


 


 that huge.  We need to be thinking about not only 


 


 modernization but substantial system efficiency 


 


 improvements at large.  We are at a critical imperative in 


 


 our economy and we need to do a better job of getting the 


 


 right kind of information for people to know how that 


 


 affects or constrains our prosperity as an economy. 


 


               XXX:  Comments? 


 


               XXX:  If I could just jump in and 


 


 respond to that and also something XXX said.  You know, 


 


 indeed we have thousands of utilities and, you know, at 


 


 least 50 regulatory bodies deciding these issues.  But I 


 


 would argue -- and it is tough for regulators to accept 


 


 new technologies, to allow cost recovery of truly new 


 


 technologies.  But I would argue that, you know, there are 


 


 things that regulators could clearly use some help from 


 


 DOE on. 


 


               As a former regulator, I can say the three 


 


 things that I think DOE could have an immediate impact on 


 


 are helping to bring down the cost of solar and other 


 


 renewables, which you're doing with the Dollar a Watt 


  







                  


 


 


 


 program.  And it's a very focused, very tangible, visceral 


 


 thing that I think people can get their minds around. 


 


               Bringing down or helping in modernizing the 


 


 transmission grid.  We do not have a transmission grid in 


 


 this country -- and those who will get to this about 


 


 infrastructure -- that is designed to meet the needs of 


 


 moving renewables throughout the west.  So whether that's 


 


 new transmission technologies and the kind of work that 


 


 XXX is doing at ASU or to make the transmission 


 


 system more efficient and to use it for storage purposes 


 


 or developing or helping us get that transmission deployed 


 


 is something DOE can do. 


 


               Helping also in preparing utilities for what 


 


 I call cascading natural deregulation, which is what I 


 


 think is going to happen when DOE is effective in getting 


 


 to grid parity, helping us get to grid parity, energy 


 


 efficiency is widely available and we have storage 


 


 commercialized. 


 


               So what I think DOE could do in helping 


 


 regulators along is to get these existing -- help us get 


 


 these existing technologies deployed.  And I don't know. 


 


 Let's see if DOE can put together something like a 


 


 scientific seal team 6 that is -- not to be too colorful 


 


 about it, but that is designed to attack the nation's most 


 


 critical energy issues.  Right?  So we know what those 


  







                  


 


 


 


 issues are.  It's our transmission system, it's the cost 


 


 of renewables, it's smart grid to some degree.  And 


 


 actually attack those ways in a way that are visceral and 


 


 understandable by the public at large so we can bring them 


 


 into this discussion. 


 


               XXX:  So, XXX, you know, I think I 


 


 agree with everything you said except to note that there's 


 


 a whole other half of the system called transportation 


 


 that you didn't say anything about.  Many people would say 


 


 that's the most important thing these days. 


 


               XXX:  It could be. 


 


               XXX:  So, again, it's a great issue 


 


 of how you balance between those things. 


 


               XXX:  True. 


 


               XXX:  I'll make a comment about 


 


 it.  I think that the role of DOE in helping the 


 


 regulators is absolutely critical.  And there's a couple 


 


 of areas that -- associated with every technology research 


 


 project that we do and demonstration that can help, and 


 


 that is from a modeling point of view being able to take 


 


 these technologies and plug them into the tools that the 


 


 industry uses to evaluate how they can improve the grid 


 


 performance, and then take that and make sure that we have 


 


 standard approaches for evaluating the economic benefits. 


 


               I think we've done a good job of that in the 


  







                  


 


 


 


 demonstration and stimulus projects, laying down a 


 


 cost-benefit methodology.  But I think it needs to be an 


 


 integral part of basically every technology research that 


 


 we do, how can a regulator look at that technology and say 


 


 whether they would want to encourage that to be deployed 


 


 on the transmission or the distribution grid with a 


 


 methodology that gets applied across all 50 states, not a 


 


 California methodology, not a Texas methodology.  And DOE 


 


 can help with that. 


 


               I think we're starting down that path.  But 


 


 if we make it an integral part of what we do when we're 


 


 looking at kinetic energy, making sure that we have models 


 


 for these devices that plug into our standard system 


 


 analysis tools and then models for evaluating the 


 


 economics would be very beneficial. 


 


               XXX:  I was just going to add to that. 


 


 I think the other thing that can help in this area is 


 


 that, you know, when I think about everything that DOE is 


 


 doing and everything that the national labs are doing and 


 


 there's just some spectacular research being done at our 


 


 universities, our national labs funded by DOE and the 


 


 private sector, there's not a lot of communication it 


 


 seems to me between these different sectors.  I mean, when 


 


 I was a regulator, I only started to learn what DOE was 


 


 doing when my utility started to apply for some of that 


  







                  


 


 


 


 money.  And so, you know -- and that's really sort of the 


 


 basic -- the average regulator, that's how they know DOE. 


 


 And there's even less knowledge amongst regulators I think 


 


 about what's going on in the national labs and maybe 


 


 sometimes national labs don't know about the great work 


 


 happening at universities.  So if there's a way for DOE to 


 


 make sure that this research gets known, distributed, and 


 


 doesn't land on a shelf someplace.  That's why I'm a big 


 


 fan of demonstration projects and applied research, 


 


 actionable research that gets distributed into the public 


 


 consciousness. 


 


               XXX:  We are making the big push at 


 


 the Secretary's behest starting already two years ago.  At 


 


 least the technology transfer out of the laboratories has 


 


 been enforced. 


 


               XXX:  I know this is an 


 


 important engagement process.  I'm not officially an 


 


 invitee; I'm a volunteer from ASU.  I'm a first-year Ph.D. 


 


 student, stakeholder for sustainability engagement with a 


 


 background in CSEE, have an MBA, and have worked in mostly 


 


 energy efficiency throughout the decade. 


 


               I'd like to address what was just said about 


 


 engagement in a broader sense.  I think it's really worth 


 


 focusing on the nontechnical barriers.  You mentioned 


 


 potentially    percent reduction in California using 


  







                  


 


 


 


 existing technology.  That's nontrivial.  I think there is 


 


 an opportunity not only to transfer technology, but if you 


 


 look at this room it's a lot of men.  It's a lot of EEs. 


 


 And there are opportunities to have people, for example, 


 


 who are women, who are oriented not only to designing and 


 


 creating things but to integrating things, to bridging 


 


 heterogenous systems.  Technology and standards are 


 


 absolutely vital at the vanguard. 


 


               There are other organizations like the 


 


 military which are more habitually mission oriented and 


 


 may from a policy perspective have more of a sense of how 


 


 do we take the best of the leading edge of what's over 


 


 here, here, and here, how do we simultaneously encourage 


 


 multiple strands of development, of communication towards 


 


 specific kinds of goals.  It's a different orientation 


 


 than necessarily basic science or basic research.  It's 


 


 more towards the getting it out the door kind of 


 


 conversation amongst broader publics.  I guess that was 


 


 about it.  Okay. 


 


               There's also thinking of it as a market 


 


 rather than only a set of technologies in terms of the 


 


 maturity.  And as much as there's leadership and 


 


 coordination, also listening, soliciting entrepreneurs who 


 


 could potentially -- and even Europeans, who describe our 


 


 grid as medieval, could potentially bring a lot to these 


  







                  


 


 


 


 kinds of conversations.  Thank you. 


 


               XXX:  Thank you. 


 


               XXX:  I would like to continue what 


 


 XXX started with the elective R&D support in -- I don't 


 


 think that works, I will speak up, elective R&D in the 


 


 grid specific area.  We started this whole effort of 


 


 optimization of smart grid, but it was somewhat ad hoc, 


 


 start at the bottom up.  And the lack of the view of the 


 


 architecture of the future grid I think is extremely 


 


 important.  If you ask the people there are probably not 


 


 going to be as many opinions what the grid will look like 


 


 in 10, 15 years as people here.  And I think we need a 


 


 specific focus support in that kind of initiative to see 


 


 what kind of grid we expect in 10, 15 years, because our 


 


 planning departments today are planning grid in 10 or 15 


 


 years.  We are still building the grid the same way as we 


 


 built it three, four years ago.  There's no change in 


 


 their view and an idea how the grid is going to look like. 


 


               We already brought up the issue of 


 


 centralized versus decentralized.  Do you want to build 


 


 this huge amount of transmission to move the wind around 


 


 versus building more a micro grid and distribution, 


 


 generation, and building a more decentralized 


 


 architecture.  Because it could be a lot more resilient. 


 


               In fact, I don't agree with European. 


  







                  


 


 


 


 Europe is in fact moving to decentralized a lot faster 


 


 than we do because of the geographical and political 


 


 structure.  They are building micro grids all over, and 


 


 micro has become the alternative for the grid. 


 


               We also have to realize it's another issue 


 


 that today's R&D at universities kind of expect a very 


 


 short and quick return.  So universities are kind of 


 


 forced to work on some very short-term research rather 


 


 than fundamental research.  We don't have a fundamental 


 


 research in grid, specifically in grid area, and that's 


 


 where I think the government should put the effort there. 


 


               And we also have to realize that if we are 


 


 trying to decarbonize our industry it's not necessarily 


 


 the most economic way of -- at least in the nearest   , 


 


    years, electricity is not going to be probably less 


 


 expensive.  I think XXX touched on this.  If the 


 


 urbanization is the main reason, not the cost of the 


 


 industry, we have to realize and start building the system 


 


 based on that.  Thank you. 


 


               XXX:  How do I know -- I'll ask a 


 


 more general question.  How do I know when I've got a 


 


 better grid?  I look at the grid today, I look at the grid 


 


 eight years ago or eight years in the future in one of 


 


 these hypothetical scenarios, how do I know it's better? 


 


 What do I measure to know that it's better? 


  







                  


 


 


 


               XXX:  I think there are a number of 


 


 factors.  One of it's -- one primary factor is 


 


 performance. 


 


               XXX:  What does that mean? 


 


               XXX:  Reliability.  How many 


 


 blackouts have you had?  How many disruptions have you 


 


 had? 


 


               XXX:  I can sympathize with that.  I 


 


 live in southern Maryland. 


 


               XXX:  How does the quality of your 


 


 service in terms of vortex, frequency tolerances.  I think 


 


 cost eventually, how good is your service provider in 


 


 maintaining cost and meeting all these other requirements. 


 


 So I think there are very good metrics there. 


 


               XXX:  The quantitative objective 


 


 matrix you can -- 


 


               XXX:  So let me give the regulator's 


 


 response to XXX's professorial researcher's response, 


 


 which I think is exactly right.  And though some of the 


 


 things he mentioned matters to regulators too and policy 


 


 makers, but my answer to that question, Under Secretary, 


 


 would be we know we have a bad grid when we have a grid 


 


 that doesn't tell consumers about their energy usage and 


 


 is not responsive to consumers in terms of using smart 


 


 meters to provide information on a real-time basis to 


  







                  


 


 


 


 consumers and is the vast reality throughout most of 


 


 America right now. 


 


               We know we have a bad grid when in the state 


 


 of Arizona we have cited, permitted and approved five 


 


 utility scale solar projects that are now stranded in the 


 


 desert of Arizona because they can't get to the market in 


 


 California.  That's a problem.  And our utilities are not 


 


 solving that problem right now. 


 


               Our utilities are doing a fantastic job of 


 


 creating safe, reliable transmission and distribution 


 


 systems within their own load pockets and within their own 


 


 states.  And so I would say that from a policy standpoint 


 


 it's a little bit larger -- it's everything XXX said, 


 


 but it's also something larger.  And I think we can 


 


 measure it in those ways. 


 


               XXX:  If I could just add one metric 


 


 we don't talk about much is asset utilization.  The grid 


 


 operates at about 50 percent of capacity.  I mean, in any 


 


 other industry 50 percent capacity would be a prescription 


 


 for bankruptcy.  So the question is could we be doing a 


 


 lot better. 


 


               The other observation I have is if you 


 


 looked at these kinds of metrics for the telephone system 


 


    years ago you would say it operates great.  Five  s 


 


 reliability, very low cost.  Yet look what's happened. 


  







                  


 


 


 


 We've gone through just unbelievable transformation, and 


 


 to some degree we traded off a different set of benefits 


 


 for functionality over reliability, maybe a slightly 


 


 higher cost. 


 


               So the question is are there similar sort of 


 


 radical transformations that could be possible with the 


 


 grid.  Micro grids, as was stated, could lead to a much 


 


 more resilient design, which you won't pick up necessarily 


 


 reliability, the once-in-a-century sort of disaster, but 


 


 you would have a much more resilient infrastructure.  We 


 


 don't even know.  The question is whether we can get there 


 


 until we have the research and some concept about whether 


 


 these architectures are even feasible to operate. 


 


               XXX:  And then what is the cost 


 


 vis-a-vis the benefits, so the same kind of counters. 


 


               XXX:  I wanted to ask two 


 


 questions.  One is if the panelists could address the fact 


 


 that the cost of electricity is kind of skewed, and then 


 


 what about the fact that Arizona's natural gas plants are 


 


 only operating at total like 25 percent capacity factor. 


 


               XXX:  Yeah.  Well, XXX, let me 


 


 answer the second question first, because I'm not sure I 


 


 quite understood the first one. 


 


               But, yeah.  I mean, I would say that is 


 


 another indication that our transmission grid is a bad 


  







                  


 


 


 


 transmission grid right now in the sense that -- or is 


 


 failing us.  We have cited -- we have some fairly cheap 


 


 gas that is cited, been cited in the state of Arizona, 


 


 and, you know, between 25 and 30 percent of it gets used 


 


 on a regular basis.  And, you know, a lot of that gas 


 


 needs to get to market, and it's just not. 


 


               And I'm not sure of the first part. 


 


               XXX:  Subsidies, uncounted cost 


 


 of electricity, water. 


 


               XXX:  The externalities issue, of 


 


 course.  I mean, when we talk about the cost, we are not 


 


 of course in most states yet -- although Arizona is moving 


 


 toward this, California has already done it -- we're not 


 


 pricing into the cost of electricity externalities, and 


 


 that needs to be done. 


 


               XXX:  If I might add, back to 


 


 XXX's comment, 50 percent capacity utilization at 


 


 32 percent efficiency, essentially unchanged since 1960. 


 


 That's a dynamite metric if we can pull that into 


 


 discussion. 


 


               XXX:  The 32 percent is the chemical 


 


 energy to -- 


 


               XXX:  The efficiency of 


 


 combustion to delivery to the industry. 


 


               XXX:  My understanding, I'd be 


  







                  


 


 


 


 interested if someone in the room knows, is the T&D losses 


 


 themselves are at the few percent level, 6, 7. 


 


               XXX:  Something like that. 


 


               XXX:  Correct. 


 


               XXX:  That's about the right 


 


 number. 


 


               If I may just make one comment on the 


 


 metrics before we go on to the next question.  I think 


 


 that clearly it needs to go beyond our traditional 


 


 reliability and security metrics, and I think one topic 


 


 that's very high on the list is a metric for flexibility. 


 


 We need some kind of metric that puts the value on 


 


 storage, micro grids, things like this that allow us to 


 


 integrate more renewables and variable generation.  And 


 


 once we agree on a standard way of putting a value on 


 


 whatever that metric is, which we just need to figure out, 


 


 if we can make some progress with that. 


 


               One thing to keep in mind with, you know, 


 


 natural gas plants is that as we integrate more wind and a 


 


 lot of cases we're going to just need more natural gas 


 


 plants as well and they're not going to operate.  And 


 


 that's what we want.  We want to use the wind. 


 


               In Ireland we put in a natural gas plant for 


 


 every megawatt we put in, we put a megawatt of natural gas 


 


 in.  But we don't want to run it, but it has to be there. 


  







                  


 


 


 


 That's part of making sure that the grid is secure, 


 


 because they go for three, four days without wind and 


 


 not -- there's no storage that's going to take care of 


 


 that need.  So, you know, you have to look at the 


 


 security, flexibility, and overall economics of different 


 


 generation. 


 


               XXX:  My name is XXX and 


 


 with the New York ISO, but previously I was head of the 


 


 office of electricity at the New York PSE.  And for the 


 


 last three years I've been head of the energy policy 


 


 office in New York City, working with Mayor Bloomberg. 


 


               And I wanted to go back to something XXX 


 


 said, and I agree completely, and that's about helping DOE 


 


 with certain technology areas.  And you mentioned the 


 


 solar PV.  And in New York City -- and I'm going to use 


 


 New York City as an example -- we had great visions about 


 


 things we wanted to do and willing to put a lot of money 


 


 into certain projects, and we were flying by the seat of 


 


 our pants in many cases in terms of the technologies.  And 


 


 there are two that I just want to mention that I think are 


 


 great potential. 


 


               Offshore wind, especially for the northeast. 


 


 We see tremendous potential for offshore wind formed off 


 


 the coast of New York City, and you've seen that being 


 


 discussed and proposed up and down the east coast.  But we 


  







                  


 


 


 


 really could use some help, especially the cities could 


 


 use some help, states in terms of technologies, what 


 


 works, what doesn't work.  Right now a lot of these local 


 


 governments are facing a lot of risk in how they approach 


 


 this and what they -- basically what risk they're willing 


 


 to absorb. 


 


               Another area, another technology that just 


 


 has incredible potential for the northeast, and also 


 


 interacting with the grid, more advanced systems for 


 


 allowing buildings, especially New York City, very large 


 


 commercial buildings to interact with the grid on a 


 


 real-time basis to actually participate in wholesale power 


 


 Markets.  Right now we have been limited in terms of 


 


 learning what there is to know from a few select vendors 


 


 of technologies, and it's an area that I think is a big 


 


 payoff with DOE assisting the states, assisting cities in 


 


 how they approach that, what potentially could be a very 


 


 large Market. 


 


               XXX:  So just know what to do and 


 


 what the costs might be and things of that sort, knowing 


 


 what works? 


 


               XXX:  Here is the range of 


 


 technology.  If you are going to approach this, here's the 


 


 way, what you should consider in request for proposals. 


 


 Not steering towards any particular vendor, but I think it 


  







                  


 


 


 


 would provide a lot of comfort to cities, large cities 


 


 wanting to move forward more quickly. 


 


               XXX:  That's interesting. 


 


               XXX:  Again, what that does, the added 


 


 benefit of that is that you have a city involved and city 


 


 politicians and city residents who see what they're doing 


 


 and can become involved in these demonstration projects. 


 


               And same thing is happening in Phoenix.  DOE 


 


 has funded the Energize Phoenix Project, which is a joint 


 


 protect between ASU, City of Phoenix and APS, and we are 


 


 going to go into the homes of thousands of Arizona 


 


 residents along the light rail corridor and make their 


 


 homes more energy efficient.  And we are going to 


 


 hopefully inspire their interest in this, inspire their 


 


 support of DOE, inspire their support of the commission 


 


 here and APS will get some benefit from that.  But that's 


 


 really important, to engage with people with these -- with 


 


 the research funding that DOE is providing. 


 


               XXX:  One of the challenges, we've 


 


 worked so hard to make the infrastructure invisible for 


 


 the last hundred years -- 


 


               XXX:  Right.  I'm saying bring it out 


 


 to the front. 


 


               XXX:  What's the story from Hawaii? 


 


               XXX:  Aloha.  So the problem we 


  







                  


 


 


 


 bump into is we can stack up objective benefits all day 


 


 long, energy security, for us it's cost savings, 


 


 greenhouse gas reduction, all that.  And we can go out and 


 


 push all these objective benefits, but we always run into 


 


 the subjective part of it's ugly, I don't like it.  It 


 


 offends some sense of place or religion somewhere along 


 


 the line.  And so it seems to me that energy is always 


 


 kind of running in third or fourth place in terms of our 


 


 priorities. 


 


               So, you know, national defense is right up 


 


 there at the top.  You know, you want to get something 


 


 done, put a national defense reason behind it, boom, it's 


 


 probably going to get done.  But when it comes to energy 


 


 issues, we're way down the chain in terms of priorities. 


 


               XXX:  Except when the price of 


 


 gasoline is high. 


 


               XXX:  Well, yeah. 


 


               So my question from a regulatory standpoint 


 


 and legal standpoint and to the DOE, how do we move energy 


 


 up in the scale of priorities of this is an economic 


 


 benefit.  You know, we can stack up all these objective 


 


 benefits, but when we get to the community level we're 


 


 going to get into this fight of I don't want to look at a 


 


 power line.  I don't want to look at a windmill.  This 


 


 historic building can't have a solar panel on its roof 


  







                  


 


 


 


 even though it houses this entire government agency, so we 


 


 can't have any energy efficiency on this building.  How do 


 


 we, you know -- we keep losing out to these issues.  How 


 


 do we get over that? 


 


               So can the DOE at some sort of, you know, 


 


 federal level go into the Congress and say, okay, we're no 


 


 longer second to the Department of the Interior.  We're no 


 


 longer second to -- 


 


               XXX:  Defense? 


 


               XXX:  -- all these other folks. 


 


 We're moving up in the chain, because there's -- these are 


 


 the issues we're facing. 


 


               XXX:  I don't think it's for us to 


 


 say in the end.  It's for Congress to decide.  Again, in 


 


 the days of high gasoline prices, you don't have to work 


 


 very hard to make that case.  The problem is it doesn't 


 


 quite spill over to power, because gasoline is about 


 


 gasoline.  But I don't know.  I would be interested to 


 


 hear people's thoughts of how one elevates energy issues 


 


 in the public agenda. 


 


               XXX:  Can I make a comment here? 


 


               XXX:  Speak up. 


 


               XXX:  Okay.  XXX, from IBM 


 


 Research.  Okay.  I have a comment about DOE's role here. 


 


 I think DOE's role should be more take leadership in terms 


  







                  


 


 


 


 of how to come up with innovate -- can you hear me? -- 


 


 innovative regulations to encourage the system -- to 


 


 encourage potential partnership into energy space. 


 


               As a researcher, I have a very specific 


 


 example here.  Right now people are talking with EV, 


 


 electrification, right?  Say, oh, yes, we need faster 


 


 charging because, as people mentioned, like more than five 


 


 minutes charging I am not going to buy it so which means 


 


 we need to have investment in this faster charging 


 


 technology.  But the thing to think about it is auto 


 


 parts, right?  Why do we need fast-charging battery? 


 


               For me to drive the car I don't need 


 


 battery.  What I need is electricity.  Right?  I have 


 


 different story here.  So when I was a child in China, 


 


 okay, like when we go to the stores to buy beer, at that 


 


 time the bottle is very precious because hard to make so 


 


 you reuse it.  So now we go to the store to buy beer, you 


 


 have to bring back the bottle you bought before to get a 


 


 new beer.  But do I care?  No.  I care content, the beer, 


 


 not the bottle. 


 


               The same thing for EV.  Why every EV need to 


 


 have a battery need to be fast charged?  All I need is the 


 


 thing really for electricity for the battery.  So if the 


 


 DOE have such kind of a regulation, saying, okay, every EV 


 


 on the road in the future, right, you don't -- you have to 


  







                  


 


 


 


 have a way to plug in the new battery.  So for me to buy 


 


 the EV, I don't have to buy the battery.  All I need is 


 


 something I can replace. 


 


               So in the dashboard I say, okay, now my car 


 


 is going to be free in less than half an hour.  I just go 


 


 to nearby station, okay, unplug my charge, put back the 


 


 new one.  I pay for the electricity I consume.  Right?  I 


 


 don't have to say, oh, why I need to pay the battery 


 


 technology itself.  Whatever the battery's technology cost 


 


 will be amortized by the energy I consume. 


 


               But that needs the regulation to say, okay, 


 


 now every EV manufacturer need to provide such a hood to 


 


 have a replacement battery.  The second, every charging 


 


 station need to have such capability to charge all the 


 


 batteries people drop off, and then people can come pick 


 


 it up. 


 


               XXX:  So this is the model that 


 


 Better Place, for example, uses.  It's not unheard of.  If 


 


 you do a careful technical economic analysis of that 


 


 relative to alternatives, it's not an obvious win. 


 


               XXX:  Such things you cannot hear -- 


 


 other people cannot do.  But the DOE or other government 


 


 agency, right, puts such things in place, entrepreneurship 


 


 will come to play.  Okay.  How do I design this battery, 


 


 how do I make -- design my EV so that the hardware -- even 


  







                  


 


 


 


 have a small battery and with a replacement, how they're 


 


 optimizing.  And then every charging station can say, 


 


 okay, how many batteries I can need and how do I charge 


 


 the systems.  So all kinds of things can happen.  That 


 


 needs the government involvement. 


 


               XXX:  So there are other people who 


 


 say the government should not pick winners and losers.  I 


 


 think we have to somehow carefully navigate that. 


 


               XXX:  There's no need for you to pick 


 


 a winner or loser.  You just put infrastructure, put the 


 


 regulations, and it causes people to innovate.  I think 


 


 that's the role DOE should play. 


 


               XXX:  Thank you. 


 


               XXX:  XXX, University 


 


 of Washington. 


 


               I think on the same lines as the previous 


 


 comment, it's really a question of getting the utilities 


 


 to innovate.  And I think there the main issue is really a 


 


 regulatory one.  Because all utilities are very, very 


 


 rational organizations.  They know they are really dealing 


 


 with the -- as XXX pointed out, it's the reliability and 


 


 economics, the grid and the fear, or the fear of the grid. 


 


 And they are very, very good at balancing that, and they 


 


 have been doing it very well for the last 50 years.  They 


 


 don't really have any incentive to change the way they do 


  







                  


 


 


 


 it at this point. 


 


               Now, if somehow, you know, you challenge 


 


 them to come up with a creative solution, because they 


 


 have the people who know how to do it -- 


 


               XXX:  So to change the status quo, 


 


 the regulatory, the incentives if you like, one has got to 


 


 have sufficient national motivation to do it.  We come 


 


 back again to the analogies with the defense or public 


 


 health and so on. 


 


               XXX:  It's not just national 


 


 motivation.  Has to be the motivation for each 


 


 organization to innovate.  Like in the private sector, you 


 


 know, if you don't innovate, you're dead.  Doesn't happen. 


 


               XXX:  Privatize energy? 


 


               XXX:  If I could just quickly respond 


 


 to that.  I certainly agree with that and -- but I would 


 


 say that states like mine are pushing our utilities.  And, 


 


 you know, an amazing thing is happening on the way to 


 


 meeting the standards that we've set, at least for our 


 


 investor-owned utilities, which is that they are 


 


 increasingly making it a part of their culture and they 


 


 are responding and they are starting to innovate and they 


 


 are starting to branch out. 


 


               And, you know, when you listen to APS's 


 


 earnings call, which I'm a little weird, I do that, I 


  







                  


 


 


 


 listen to their earnings calls religiously, the funny 


 


 thing you notice is you know what they talk about on their 


 


 earnings calls?  How much solar they get to rate base 


 


 because of what the commission is allowing them to do.  So 


 


 when utilities understand that they can make money off of 


 


 this -- and I think that's very important; it is a 


 


 regulatory issue -- they'll move forward. 


 


               And, again, I think there's a role for DOE 


 


 to play in basing these demonstration projects at 


 


 utilities and especially at utilities that are operating 


 


 in states with very aggressive state-set requirements like 


 


 Arizona.  Because you get to see some efficiencies and 


 


 synergies I think there where utilities are starting to 


 


 move in that direction, and then they can get some extra 


 


 boost from DOE and from DOE funding. 


 


               XXX:  I think you see that in 


 


 areas where individual states can make a big difference in 


 


 the incentives for utilities who are making big strides 


 


 already.  Energy efficiency is one of those where a state 


 


 can kind of make the rules and utilities can implement 


 


 programs to take advantage of those and innovate within 


 


 those rules.  Removable portfolio standards is another 


 


 one. 


 


               In areas that involve intrastate, which is 


 


 the transmission grid, much more confusing and opportunity 


  







                  


 


 


 


 for DOE to develop economics and models to help encourage 


 


 the same kinds of incentives that cut across multiple 


 


 states.  And I think XXX alluded to that when talking 


 


 about how they can't get the power to California. 


 


               XXX:  XXX, with USC. 


 


               I think it was mentioned this question about 


 


 understanding widgets versus systems, and I do think there 


 


 is a key role from DOE.  I guess the question to DOE would 


 


 be if you are thinking about the grid that you're going to 


 


 have in the future, upstream of that, at least for the 


 


 U.S. -- in this sense it's quite a bit different than 


 


 Europe -- what do you do with its connection to the 


 


 natural resources?  Coal and gas in particular.  The U.S. 


 


 has vastly more resources than Europe does.  So how does 


 


 that get accounted for as you modernize your grid? 


 


               And the other question I would have is 


 


 because of the diversity in the United States, just to be 


 


 a contrarian for a moment, do you need a national grid? 


 


 Or do you optimize around regional resources and regional 


 


 economies? 


 


               XXX:  Those are two great questions. 


 


 Let me put a rider on the first one, maybe just a bit 


 


 sharper.  Many people believe natural gas is going to stay 


 


 cheap in the future. 


 


               XXX:  Unlimited $5 gas. 


  







                  


 


 


 


               XXX:  Right.  So how does that change 


 


 our thinking about the grid? 


 


               XXX:  Because it clearly, as big as it 


 


 is and as basic, as well developed as the gas 


 


 infrastructure is in the United States, it in a sense can 


 


 put a ceiling on the price of any other substituted 


 


 technology. 


 


               XXX:  Anybody want to comment on the 


 


 answer to either of those questions?  Gas and national 


 


 grid. 


 


               XXX:  Transmission is also cheap 


 


 if you are allowed to build it, and it allows -- we have 


 


 an extreme amount of diversity in the country and 


 


 inequality in the prices of electricity that, you know, 


 


 could start to be resolved just with transmission. 


 


 Natural gas plays into that in terms of where the natural 


 


 gas resources are.  You can get it -- get that energy 


 


 through the road.  But also natural gas is probably the 


 


 best balancing resource for wind as well.  But it depends 


 


 on transmission. 


 


               XXX:  Totally agree with that.  And, 


 


 you know, we know that there are two transmission lines 


 


 that basically need to get built between Arizona and 


 


 California which would solve a tremendous bottleneck 


 


 problem that we have, and they're not being built by our 


  







                  


 


 


 


 utilities for whatever reason.  And it has to do with some 


 


 partial California issues, partially Arizona.  But that's 


 


 tremendously important. 


 


               XXX:  I'm not sure how DOE can 


 


 fix it.  That's the challenge that we have here. 


 


               XXX:  Let me say DOE is doing one 


 


 thing which I think could potentially help fix it, which 


 


 is you're funding the SPSC, SPSG and THE ICEPICK 


 


 processes.  So that's sort of a nontechnical barrier issue 


 


 that I think you are involved in which is bringing our 


 


 states together to start talking about those. 


 


               XXX:  If I might add, natural 


 


 gas at $ , even if we believe those numbers, will stay $  


 


 if and only if we increase the efficient use of natural 


 


 gas on the demand side to compensate or offset any 


 


 transition to natural gas on the electricity supply side. 


 


 There has to be a dynamic to ensure robustness or a more 


 


 likely outcome of $  and then it has to still continue to 


 


 decrease in the cost of energy services.  It's not enough 


 


 to stay at $ . 


 


               XXX:  As always, prices that balance 


 


 between the supply and demand, you also have to invest in 


 


 the supply infrastructure as well. 


 


               XXX:  Exactly. 


 


               XXX:  You want to go first? 


  







                  


 


 


 


               XXX:  I just want to comment on 


 


 the interconnectivity.  We heard this theme a lot about 


 


 interconnection, interconnectivity.  One of the things 


 


 about renewable energy resources is they smooth out as you 


 


 connect them.  So if you don't have that transmission, 


 


 then it's going to cost you more to get that flexibility. 


 


 And it's just kind of the nature of the beast.  So, I 


 


 mean, I think we have to have a diversified portfolio 


 


 where you have micro grids but we also have the 


 


 interconnectivity, the transmission.  Europe is doing 


 


 both; they are building transmission, they're also 


 


 building the micro grid. 


 


               So connecting the system together smooths it 


 


 out.  When you smooth it out, then you have this portfolio 


 


 of ancillary services, of flexibility that you can supply, 


 


 and that's how you kind of smooth out that intermittency 


 


 of the whole. 


 


               XXX:  Under Secretary Koonin, 


 


 panel members, as a reminder, my name is XXX .  I work for 


Salt River Project here in 


 


 Phoenix.  I manage our transmission and generation 


 


 operation.  Prior to that I spent 20 years in transmission 


 


 planning, development, and research and development. 


 


               We, the utilities, have had a lot of 


 


 innovation and creativity over many years.  So the 


  







                  


 


 


 


 question is why don't we perceive that that's happening? 


 


               And what I would think would be a good thing 


 


 as a reminder is to note that we have a lot of history to 


 


 deal with.  When I say history, take a look at the size of 


 


 the grid, transmission and distribution.  Any time you 


 


 want to affect that, everybody would like to see 


 


 fundamental changes, not incremental changes.  But the 


 


 fact is there is existing infrastructure that has to be 


 


 dealt with. 


 


               Take a look at our SRP distribution system. 


 


 We have well over 120,000 miles of distribution system. 


 


 So let's say somebody comes up with an idea that could 


 


 improve our distribution system.  How long do you think it 


 


 takes to do anything?  That's just doing the cost of 


 


 construction, not even the human performance and not even 


 


 the integration across multiple areas. 


 


               Take a look at even a subtransmission 


 


 system.  We did a study once going to the issue of 


 


 facilities, overhead facilities.  We said what would it 


 


 take to underground all of the subtransmission in the 


 


 Phoenix area?  Take about 30 years to do it, just based 


 


 upon all the issues you have to deal with, that being 


 


 right-of-way, construction, outages, cost.  But it's just 


 


 the facilitation of all that. 


 


               When we get to the transmission side, it 


  







                  


 


 


 


 becomes even more fundamentally challenging.  Take a look 


 


 at the equipment that's already in place that has to be 


 


 dealt with.  Then if you want anything different on the 


 


 transmission side, I haven't heard anyone here yet talk 


 


 about the issues of dealing with the Federal Energy 


 


 Regulatory Commission or the North American Electric 


 


 Reliability Corporation.  Even if someone in this room 


 


 today came in with something that was fundamentally sound, 


 


 was excellent as far as technologically doable, had great 


 


 pay back, think to yourself what would be the time frame 


 


 to be able to move so that a utility could implement that. 


 


 It doesn't go very easily. 


 


               And then as we talk here, there's a lot of 


 


 individuals here, what they believe are the best 


 


 approaches for DOE to take, in your paper that was 


 


 distributed there were a lot of options to be considered. 


 


 So the question is if you're looking at the transmission 


 


 side, which ones are you trying to implement first?  Which 


 


 ones -- are they competing or are you prioritizing? 


 


               I do think DOE has a role in trying to 


 


 figure out between industry, between the labs, between the 


 


 universities as to how we take a look at putting this 


 


 together as prioritizing, because we can't do everything 


 


 at once.  It's just not going to happen. 


 


               And so it's going to take a lot of 


  







                  


 


 


 


 cooperation across these broad spectrums, not only just 


 


 the different utility perspectives and their thinking but 


 


 across all these areas as to where you start trying to 


 


 make changes.  You know, I think this group here 


 


 fundamentally understands that the grid is the most 


 


 complex system that's out there.  I mean, we talk about 


 


 the Internet; the electric system is more complicated and 


 


 more complex.  And borrowing a line I heard before is we 


 


 don't want to tinker with it.  Before you start making 


 


 changes to the grid, it has to work, it has to work 


 


 perfectly well, and it has to work reliably. 


 


               Unlike my smart phone here, I may not get 


 


 reception here, that's just an inconvenience.  If we don't 


 


 have service that works all the time everywhere, we have a 


 


 fundamental problem in being able to move forward.  And we 


 


 don't accept less than that. 


 


               Now, maybe, and I haven't heard this 


 


 anywhere before, are the current standards in which we 


 


 have, are they too strict?  I think one of our panel 


 


 members brought up before that as we look at a more robust 


 


 system one way to get a more robust system is to take a 


 


 look at do we need to have the reliability levels that we 


 


 currently have.  One way of having more robustness is to 


 


 relax some of those.  But, again, that doesn't come 


 


 easily.  That would take a lot of debate and ultimately 


  







                  


 


 


 


 require approval from NERT and from FERC.  DOE could 


 


 assist in that.  And then take a look at how we approach 


 


 all of these things collectively. 


 


               And then as we take a look at how we -- we 


 


 take a look at where the different research that's being 


 


 done, sometimes we -- I think, XXX, you had brought it 


 


 up.  We silo things a little bit.  And we need to ensure 


 


 that the work that's done at the labs, the national labs, 


 


 has overlap with what's being done by the universities, 


 


 the universities have overlap with what's being done by 


 


 industry.  And that way we get that communication message 


 


 because we don't want the labs doing research work that 


 


 they don't understand how it might be applied.  We don't 


 


 want the universities taking the data from the lab and 


 


 looking at applications of it without understanding what 


 


 it's going to take to implement and operate.  And again we 


 


 need a certain nest at the utilities, back to what XXX 


 


 said, understand what's been done in the supply chain of 


 


 information to be able to want to implement that. 


 


               XXX:  Good. 


 


               XXX:  Thank you. 


 


               XXX:  Yeah.  Understanding the 


 


 business and regulatory context with all of this, again a 


 


 recurring theme that's come up. 


 


               We'll do one more and then I think we'll 


  







                  


 


 


 


 break. 


 


               XXX:  I just wanted to clarify a 


 


 portion of my earlier comment.  When I said military, I 


 


 didn't mean invasion.  I meant more some of the approaches 


 


 they have, like sourcing and procurement, procurement 


 


 especially.  If we're able to create standards that can 


 


 provide for some of what's foreseen and also in terms of 


 


 future interoperability, it's possible that stimulating 


 


 group procurement, which is one of the great strengths 


 


 that the military is able to provide to existing 


 


 organizations to innovate and entrepreneurial 


 


 organizations, could potentially advance adoption in a lot 


 


 of components of smart grids across the country.  If we 


 


 had to wait for AT&T to -- we might -- to do it, we might 


 


 not even have mobile phones or micro grids or differences 


 


 in reliability.  But incredible jumps in performance 


 


 today. 


 


               XXX:  So there are many similarities 


 


 and differences between defense and energy, but in general 


 


 it helps to, A, have very clear mission goals, B, own the 


 


 strategy, and, C, own the execution.  And of course DOD 


 


 does do that, or the government.  And Energy completely 


 


 different. 


 


               XXX:  Potentially catalyze group 


 


 adoption simultaneously while stimulating entrepreneurial 


  







                  


 


 


 


 opportunities within standards and an interoperable 


 


 parameter. 


 


               XXX:  Good.  Okay.  As usual in these 


 


 discussions, we've run over with enthusiasm.  I think I'm 


 


 going to turn it back over to XXX to tell us what happens 


 


 next. 


 


               XXX:  So let's take about a 


 


   -minute break and we'll meet in the breakout room across 


 


 the way at 10:25.  I purposely let us run long because 


 


 lunch won't actually be here until noon, so the lunch 


 


 break -- there's no point in breaking at 11:30 when 


 


 there's no food.  So traditionally it's been hard to get 


 


 people to stand up in the breakouts anyway. 


 


               So everybody should have a number on their 


 


 badge.  Folks who are -- otherwise, you can apportion 


 


 yourselves as you like.  But we tried to go through the 


 


 list and make sure that the sets of folks who are assigned 


 


 to different groups sort of covers the full spectrum of 


 


 the kinds of folks who are here to be able to continue 


 


 this sort of cross-cutting conversation.  So we'll talk in 


 


 the breakouts for a bit over an hour, and then lunch will 


 


 be provided just out in the same place where the snacks 


 


 and such are in between the two rooms, and then we'll go 


 


 from there. 


 


               XXX:  Thanks to the panel. 


  







                  


 


 


 


               (Attendees will reconvene in breakout 


 


 groups.) 


 


               XXX:  We're going to spend the next 


 


 hour or so going through a couple presentations by the 


 


 folks who are leading the technology assessment team 


 


 related to the grid within DOE.  Those of you who know the 


 


 DOE grid folks I'm sure already know XXX, XXX, and XXX, 


 


 but I will let them introduce themselves as they come 


 


 along, if necessary.  But we're going to start with XXX 


 


 Parks who will give us an overview and then he'll pass the 


 


 baton. 


 


               XXX:  Good afternoon.  Part of our job 


 


 here will be to keep you awake after the food, so we may 


 


 have to make this a little more interactive than we 


 


 anticipated. 


 


               Really appreciate the chance to be here and 


 


 really appreciate the dialogue that we've had so far and 


 


 hope we can continue that.  What we wanted to do right now 


 


 is just give kind of a snapshot of what really -- where 


 


 DOE is on the space, what DOE is thinking about the space, 


 


 and know that it's evolving in real-time and continues 


 


 to -- this process and other processes will continue to 


 


 impact that as we go along, including the technology 


 


 reviews that we hold and the peer reviews we hold for the 


 


 programs. 


  







                  


 


 


 


               Also want to say this is a DOE perspective. 


 


 It's not an Office of Electricity perspective, it's not 


 


 (inaudible); it's looking at kind of our whole portfolio 


 


 and thinking about how can we integrate in a way that we 


 


 have not done as well in the past and get at solutions 


 


 faster. 


 


               I want to take a second and say we kind of 


 


 talked around this this morning, but electricity plays a 


 


 vital role to our economy and our national security.  I 


 


 don't think that can be overstated, just how much this 


 


 permeates our entire structure and our way of life.  And 


 


 I'm kind of reminded that in some countries around the 


 


 world blackouts are measured in the number of deaths that 


 


 occur.  And I think that that really shows how much we 


 


 rely on it in some ways, and it's crucial as it came out 


 


 in the panel this morning that we think about if this is 


 


 fragmented, if this is multi jurisdictional, how can we be 


 


 smarter about the whole thing within the technology. 


 


               Complex systems, we talked about that a lot. 


 


 I think another part of this that maybe doesn't jump out 


 


 is it's a little bit of a system of systems.  In one way 


 


 we're talking about the T&D system here physically, 


 


 another way the communication system has to tie to the 


 


 in-loads, it has to tie to the generators, and it has to 


 


 be the thing that communicates and controls that.  And 


  







                  


 


 


 


 that makes it a lot more complicated than just thinking 


 


 about the wires that happen on the T&D system. 


 


               And jurisdictional issues at the bottom, you 


 


 see how it's broken down from the variety of different 


 


 ways. 


 


               So it's complicated space, and yet we need 


 


 to work it.  And indeed the federal role is somewhat 


 


 justified by the complexity of that, because there are no 


 


 other single actors that are going to do this, that are 


 


 going to think holistically about this.  And our 


 


 partnerships with the states and regions are crucial in 


 


 this space, and the partnership on the technology side. 


 


 But it's so complicated that without some federal and 


 


 federal-state and federal-private sector partnerships 


 


 we're not going to move in my opinion very well. 


 


               The grid faces a lot of challenges.  They're 


 


 simultaneous challenges, and it's something that we have 


 


 to think about, too.  We can't just think about how do we 


 


 get X amount of renewable energy on the transmission 


 


 system.  We have to think about what about electric 


 


 vehicles, what about demand.  What are we going to do 


 


 about PV integration and how distribution circuits and how 


 


 those interplay throughout the system with the rest of the 


 


 removables that's in the portfolio, how much total 


 


 variability are we going to put into the system when it 


  







                  


 


 


 


 comes to removable generation sources. 


 


               So it is complex.  There are a lot of 


 


 opinions about what the future looks like, and yet we need 


 


 to step back and say, okay, there may be eight different 


 


 big scenarios we can put out.  There's probably similar 


 


 characteristics in six or seven of them that we can do 


 


 with no redress, and we start to look at what are the 


 


 fundamental things we can lay and foundations we can lay 


 


 in there to move this forward. 


 


               Consequences of these changes.  Capacity, 


 


 you know, we have growth capacity, we have growth in use. 


 


 How do we meet the projected demand for rights-of-way. 


 


 Congestion is an issue now; it's costing the system a lot 


 


 of money.  Right now disruptions are a big issue right now 


 


 in various ways.  You'll hear a little bit more about that 


 


 in the other presentations.  Power quality and outages. 


 


 It's complicated.  And the national security (inaudible). 


 


               Tied to that in this space, because we're 


 


 moving at the speed of light, technologies and Markets and 


 


 policies are linked to this, and we can't really come up 


 


 with technology solutions alone that are going to move 


 


 this space.  We have to think about how those other things 


 


 are structured and how we could recommend that they be 


 


 structured.  So our interplay with the states and regions 


 


 becomes very crucial in the dialogues that we have about 


  







                  


 


 


 


 how we move forward.  Our interplay with DOD becomes very 


 


 crucial of how we move forward to find solutions. 


 


               Kind of how we look at things is we spent 


 


 120 years electrifying America.  We did a very good job at 


 


 that.  The system, when people talk about the system, they 


 


 talk about it's very efficient at this, it's very 


 


 efficient at that.  That's all true.  It's all vital.  And 


 


 keeping those current attributes is very important. 


 


               But I think at the same time what we're 


 


 trying to talk about is what does the next generation grid 


 


 look like and is this a service grid.  How do we get at 


 


 these things and do we think of them indeed as services. 


 


 Is getting access to low-power generation a service or is 


 


 it a mandate that comes down?  When it comes to individual 


 


 consumers or when it comes to policies type goals, how do 


 


 we get power quality, how do we get consumer participation. 


 


 Flexibility in the system is crucial.  How do you get 


 


 dynamic protection, cyber security built into this, again, 


 


 all at the same time.  And are those things that people 


 


 pay for in discrete increments?  How could that even be 


 


 structured? 


 


               There are a lot of questions that have come 


 


 up.  These are some of the ones that we threw out just to 


 


 kind of frame a little bit about where we're going in the 


 


 next three presentations.  The system's been engineered 


  







                  


 


 


 


 for 120 years.  How do we really get at basic applied 


 


 science to understand what's behind all this and make this 


 


 truly happen?  A lot of these questions you can read 


 


 through; I don't need to read them all. 


 


               But if we're underutilizing capacity, how 


 


 could we truly make that a competitive advantage.  We have 


 


 a system built out.  That should be an advantage as a 


 


 nation if we can figure out how to use it wisely.  We 


 


 don't have to rebuild the entire distribution circuit. 


 


 What can we do smartly, what can we do to really make it 


 


 competitive in the next generation and yet not have to 


 


 reinvest all the capital required to build it out. 


 


               This uncertainty issue, you know, the number 


 


 of things that are varying is increasing.  It's causing 


 


 the system to kind of operate in ways that we don't even 


 


 know how it's going to react ultimately.  We need to model 


 


 that, we need to understand that, we need to move it 


 


 forward.  Very, very crucial. 


 


               A lot of talk about consumers in this entire 


 


 process, consumers, how they engage, what they're looking 


 


 for, what they're willing to pay for.  I don't think 


 


 anyone's adequately looked at if we do all these changes 


 


 together what's the impact on the consumer and how does 


 


 that change relative to business as usual.  Because it's 


 


 going to cost them something just to do business as usual 


  







                  


 


 


 


 in the world if we move to (inaudible) as you look at 


 


 things aren't going to be static, they will not be the 


 


 same about carbon emissions in the future as you look at 


 


 the EPA regulations coming down, you look at the worldwide 


 


 impacts and pressure on carbon discussions.  So a lot of 


 


 things, how do we best move forward. 


 


               Under Secretary Koonin talked about the 


 


 strategic plan.  There are three specific short-term 


 


 targets applied to modernizing the grid, understanding the 


 


 grid with synchrophasors, putting those in.  Those are 


 


 moving on target.  Deploying smart meters in American 


 


 homes, you'll hear more about that again in another 


 


 presentation.  And storage costs, getting storage costs 


 


 down.  That's a start.  And the question is what else do 


 


 we need to do to move the space forward. 


 


               Thank you very much. 


 


               XXX:  Well, hello there.  I'm going to 


 


 kick off the specific technology directions which we have 


 


 been going.  Obviously I'm going to do electrical energy 


 


 storage, as I have done for the last ten years.  But when 


 


 I started in the field, electrical energy storage was a 


 


 notion that most people weren't even aware of.  You would 


 


 ask utilities and they would say electrical what?  And, 


 


 you know, we had like one meeting a year, and that was my 


 


 program review.  We had very few actual technologies out 


  







                  


 


 


 


 there which were producing live examples, and then only in 


 


 the hundred kilowatt range.  Although there were some big 


 


 ones; EPRI did a really big one before the (inaudible). 


 


               But mainly we have seen this fantastic 


 


 development over a considerable degree.  We can credit 


 


 ourselves at DOE in having helped bring that about. 


 


               There has not only been a lot of technology; 


 


 there has also been a general awareness of the importance 


 


 of energy storage in the overall scheme.  We have, as of 


 


 last year basically, some fairly influential people.  Like 


 


 Secretary Chu, Chairman Wellinghoff of FERC, and Terry 


 


 Boston have come out with an appreciation that storage is 


 


 going to be important if we want -- if we indeed want to 


 


 have substantially more renewables on the grid.  And of 


 


 course it's not just renewables.  There's a lot of other 


 


 things that play into this game. 


 


               And storage is part of the energy strategic 


 


 plan.  In the process of modernizing the grid, we are 


 


 thinking of reducing utility scale energy storage by about 


 


 30 percent.  So this is a huge difference compared to the 


 


 unknown technology of ten years ago, but we still have a 


 


 long distance to go. 


 


               Now, what does energy storage do for us or 


 


 what could it do for us?  Well, it falls into quite a 


 


 number of different categories, but more importantly many 


  







                  


 


 


 


 of these could be done simultaneously.  And if you want to 


 


 develop the true benefit stream due to storage, we have to 


 


 pay careful attention of how we bring many of these 


 


 applications simultaneously on the system.  For example, 


 


 system stability.  We can reduce peak load, we can improve 


 


 base load capacity factor.  We have heard about    percent 


 


 utilization.  Not good.  We can provide VAR support.  We 


 


 can defer transmission and distribution.  A number of 


 


 those, again, can be done simultaneously. 


 


               We can enable large-scale utility renewable 


 


 integration, reducing variability.  Ramp rate control, 


 


 very important, something that has only recently come to 


 


 the forefront.  And we can generally help to increase 


 


 dispatchability. 


 


               EV deployment is a new one, because EV is 


 


 going to throw a real banner into the works at the 


 


 distribution level.  As you reach, again, a substantial 


 


 amount of EV penetration, it's going to make life very 


 


 difficult for utilities. 


 


               I pressed the wrong button.  Who knows which 


 


 button to press?  There we go.  Good. 


 


               Storage is already a reality.  It is 


 


 deployed to considerable degrees; most of it of course is 


 


 pumped hydro, the big blue blob.  It's about 99 percent. 


 


 The other kinds of storage are tiny little dots, 


  







                  


 


 


 


 planetoids.  And one of our aims is to increase that 


 


 amount because it's going to be difficult to get more 


 


 pumped hydro in the United States.  But in the United 


 


 States, 2.5 percent of the national electricity flow 


 


 already goes through storage.  In Europe it's about 


 


 10 percent; in Japan it's about 15 percent.  And the 


 


 reason is obvious, because if you look at the lower 


 


 left-hand corner, pumped hydro is the only one that is 


 


 safely within the cost-effective range. 


 


               If we look at the overall thing, there are 


 


 estimates that energy storage could grow from a 


 


 $1.5 Billion business into a $35 Billion industry by 2020. 


 


 So big plans. 


 


               There's a portfolio technologies that is 


 


 available to us, and they are grouped here by size which, 


 


 at the same time, is also the range of applications.  On 


 


 the right-hand side we have mature technologies, pumped 


 


 hydro, compressed air energy storage.  In the middle we 


 


 have a whole host of technologies such as flow batteries, 


 


 lead-carbon batteries, sulfur, flywheels.  And then on the 


 


 left-hand side -- these are the bridging ones, the ones 


 


 that you would use for ramping, for example.  On the 


 


 left-hand side you have power quality and short-term 


 


 applications, such as flywheels again and a good part of 


 


 lithium ion. 


  







                  


 


 


 


               Looking at a time scale in applications, for 


 


 the short-time scale we have frequency regulation.  In the 


 


 middle we have ramping, which both refers to wind going 


 


 down too rapidly, compensating for that, but it also 


 


 refers to that period at the end -- beginning of the day 


 


 when the wind generally dies down and the load comes up 


 


 and there's a transition period which it is difficult to 


 


 handle for utilities.  And then there are larger scales 


 


 where we are talking maybe a day, maybe four hours to 


 


 reduce the peak. 


 


               In terms of where we are going, at the 


 


 moment most of these technologies -- I'm now using a 


 


 levelized cost.  Okay?  That means the life cycles are 


 


 included.  We are somewhere in between 10 and 100 cents 


 


 per kilowatt hour per cycle, which is too high.  We need 


 


 to push this down to 10 cents per kilowatt hour per cycle 


 


 and preferably down to about 4 cents per kilowatt hour per 


 


 cycle. 


 


               Stationary storage targets, about here.  The 


 


 plug-in hybrid electric vehicle target is slightly higher, 


 


 but they have additional stringent footprint requirements. 


 


               What does the industry expect?  I did a 


 


 little poll among industry folks.  And these are their 


 


 10-year expectations.  Pumped hydro is quite limited over 


 


 10 period because it takes almost 10 years to bring it 


  







                  


 


 


 


 online.  So there are unlikely to be more than three large 


 


 pumped hydro plants to come online in the next ten years. 


 


 Compressed air energy storage, more.  I've got two going 


 


 and there may be three or four in the works.  Renewable 


 


 integration, T&D support, frequency regulation, sizable 


 


 Markets.  Thermal storage, I don't deal with thermal 


 


 storage, but it's an interesting thing and functionally 


 


 just like other storage.  And of course these numbers will 


 


 be higher if, for example, 20 percent investment tax 


 


 credit the way it has been proposed in Congress comes off. 


 


               A little bit of detail of some of the 


 


 technology, centralization plants, pumped hydro, 


 


 compressed air energy storage.  There are things we can do 


 


 for pumped hydro to make it more effective to, for 


 


 example, allow broader applications for ancillary 


 


 services.  We can make the reaction time faster.  We can 


 


 have different, more modern techniques for finding new 


 


 cites.  So things to be done, but perhaps not spectacular. 


 


               Compressed air energy storage, the main 


 


 thing is to get two done, because for 30 years nobody has 


 


 done any.  So if we can get two of them out, there is a 


 


 queue of other plants that are most likely to be done in 


 


 the United States. 


 


               There is also above-ground hydro, very 


 


 interesting, adiabatic and hydrothermal.  You have the 


  







                  


 


 


 


 chance of having compressed air energy storage in let's 


 


 say gas pipe, underground caverns with no extra fuel 


 


 input.  So that would be a truly green compressed air 


 


 energy storage system.  Interesting stuff. 


 


               One of my favorites, carbon-enhanced 


 


 lead-acid batteries.  You have got something that looks 


 


 very much like a lead-acid battery, it's manufactured 


 


 roughly the same way, but it gives you a tenfold or so 


 


 increase in cycle life.  You end up with something that 


 


 behaves like lithium ion in cycle life but at the cost of 


 


 lead-acid batteries.  Trouble is we have some good ones 


 


 out on the Market, mostly based on an Australian 


 


 technology which we tested out in detail and which then 


 


 was picked up by U.S. industry, but we have no idea why it 


 


 works so well.  You know, many things start that way. 


 


               But obviously the thing is you now recycle 


 


 it -- I mean, you have gone into applications, you see the 


 


 thing works, you recycle it and you do the research.  So 


 


 we are taking these things apart, testing different 


 


 carbons.  The topology of the carbons is vastly different. 


 


 You know, what influences topology.  And we want to learn 


 


 why does this work so that we can first of all optimize 


 


 the lead-carbon batteries and we can also learn how to 


 


 build other batteries and apply the research. 


 


               Redox and advanced-flow batteries, we have a 


  







                  


 


 


 


 whole agenda of how we are going to bring this down into a 


 


 levelized cost of energy which can rival a gas turbine. 


 


 There are many different couples that you can use, 


 


 different chemistries.  I have one that I'm -- that we are 


 


 testing right now, 25 megawatts, and in the special set-up 


 


 cost effective already.  We are doing fancy things like 


 


 working with new electrolytes that have the iron in them 


 


 as a core.  I like to call them metal spiders.  You 


 


 combine the metal with electric.  The trick is to find one 


 


 with high ionic connectivity and at the same time enough 


 


 fluidity so it can go through the system. 


 


               Sodium-based batteries, this takes off on 


 


 the sodium-sulfur battery which was invented in the U.S., 


 


 worked out in painstaking detail in Japan.  It is now 


 


 available off the shelf, but a bit expensive.  We can 


 


 bring this down to a levelized cost similar to gas 


 


 turbines.  We want to make it planer instead of 


 


 cylindrical.  You know, we have all kinds of little things 


 


 that we want to do with it to lower the temperature and 


 


 increase the efficiency and above all lower the cost. 


 


               Lithium-ion battery is largely the realm of 


 


 beagle, beagle batteries.  But there are interesting 


 


 things to be done such as, for example, build your 


 


 electrodes in a self-assembled way.  Instead of putting 


 


 them together, have it on the nano scale but self 


  







                  


 


 


 


 assembled.  Two times reduction in cost, three times the 


 


 cycle life, much improved safety. 


 


               So stationary lithium-ion batteries are 


 


 always different from beagle battery.  In fact, we have a 


 


 consortium going at the moment, which is another dimension 


 


 altogether, to get together with the beagle companies and 


 


 with EPA to look at the possibility of recycling used 


 


 second life of lithium-ion batteries, after they have 


 


 reached about 80 percent capacity in the vehicle 


 


 applications. 


 


               Flywheels.  Very surprising.  One wouldn't 


 


 have thought so.  But flywheels are actually extremely 


 


 effective.  We have a 20 megawatt in Stephentown, 


 


 New York, which is going into service online this month. 


 


 Okay?  I mean, it's fantastic.  We have another one of 


 


 20 megawatt waiting.  We have a 20 megawatt battery 


 


 technology one.  So we have competing technologies, good 


 


 for driving the price down.  This works already.  It's 


 


 cost effective. 


 


               Where do we want to go?  We want to develop 


 


 flywheel, hubless flywheels.  And both R&D and OE are 


 


 working on funding that.  There's also possibility of 


 


 speeding them up fantastically.  The energy is i-omega 


 


 squared, Mb squared if you wish.  Suppose you have 


 


 flywheels that are superconductively levitated and spin at 


  







                  


 


 


 


 a million revolutions per minute.  Could be fantastic. 


 


               Emerging storage technologies.  That's why I 


 


 want to keep a portfolio of technology rather than pick 


 


 winners.  There is all kinds of fascinating ideas out 


 


 there being hatched by universities and laboratories. 


 


 Metal-air batteries, we don't really have them yet.  But 


 


 if we had metal-air batteries, highest energy storage 


 


 density, but not yet regenerative. 


 


               An all-liquid metal battery, MIT idea.  What 


 


 if you have a huge tank of molten metal.  Huge amounts of 


 


 energy, basically a very simple system.  Another one, an 


 


 air-air battery, hydrogen, oxygen as your couple.  Energy 


 


 density is fantastic.  If we have the right catalyst, if 


 


 we learn how to work with nitrogen, could be an incredibly 


 


 efficient battery. 


 


               Now, this has been on materials so far, but 


 


 there is another angle which is to bring it to deployment. 


 


 We want to technology push but we also want to do Market 


 


 pull.  And they have to go completely hand in hand; 


 


 otherwise, things will stop.  And through the ARRA 


 


 stimulus funding, we have $185 million, but we received 


 


 cost share of $585 million.  Now, that is industry showing 


 


 its readiness to invest in energy storage.  We also have 


 


 venture capitalists swarming around all our projects.  And 


 


 this is important because five years ago venture capital 


  







                  


 


 


 


 didn't want to hear from nothing, okay, about storage. 


 


               We have three large battery systems, and I 


 


 mean these are 10, 20 megawatt systems, two compressed 


 


 air, one frequency regulation, a number of distributed 


 


 projects, technology development aiming for less than $200 


 


 per kilowatt hour. 


 


               So we are doing Market pull, we are doing 


 


 Market push, things are going along swimmingly.  Instant 


 


 success, just add money.  At least a little bit.  But, 


 


 hey, I've put this subject on the map at $3 million a 


 


 year, would you believe it.  But working with the states, 


 


 we had an actual -- we had actual budgets of 20 million. 


 


               Different technologies serve different grid 


 


 requirements; modest improvements for established 


 


 technologies like pumped hydro and CAES; significant 


 


 potential for selected electrochemical technologies like 


 


 lead carbon, sodium based, flow batteries, stationary 


 


 lithium ion; flywheel shows potential with advanced 


 


 technologies; and emerging concepts offer even greater 


 


 benefit but much higher risk.  Thank you. 


 


               XXX:  Good afternoon, as we're 


 


 loading this up.  As the Under Secretary mentioned this 


 


 morning, there are 17 technology teams, three of which 


 


 were grid related.  You've heard from XXX on energy 


 


 storage.  You will hear from XXX again on the 


  







                  


 


 


 


 infrastructure piece. 


 


               The one I'd like to talk briefly about is 


 


 measuring, modeling, and control.  There is a team of 


 


 individuals that have been looking at this with me. 


 


 Several of them are in the audience, so I just want to 


 


 acknowledge them, express my appreciation so far. 


 


               Measuring, modeling, and controls, part of 


 


 the driver for this has been looking at the clean energy 


 


 future and what the operational challenge is that is going 


 


 to define the system.  I would say it's not even about the 


 


 future.  There's some today that are also struggling with 


 


 penetration of wind and other resources and how to balance 


 


 them. 


 


               As we look at this, there's a lot of 


 


 uncertainty.  There's a lot of variability.  The future 


 


 generation resource mix is unknown.  There's variability 


 


 and uncertainty with wind and solar, so there's a push to 


 


 look at new ways to be able to operate the power system, 


 


 things like storage, natural gas, the role that demand 


 


 response can play. 


 


               Load profiles are changing.  As we start 


 


 bringing in onsite renewable energy resources and demand 


 


 response technologies, electric vehicles, plug-in electric 


 


 vehicles, how is that going to play in terms of what the 


 


 system must be able to accommodate?  The ancillary 


  







                  


 


 


 


 services, how these are valued, changing technology's end 


 


 policy.  Again, XXX mentioned early on about the policies 


 


 and the technologies, but what will the effect be on 


 


 future generation and transmission? 


 


               And then there's also the whole boundary 


 


 themes issues.  This came up a little bit this morning 


 


 with the legacy systems.  How do we start integrating 


 


 technology not into just something that is a brand-new 


 


 system, but we're dealing with something that needs to 


 


 operate day in and day out reliably.  And how do we start 


 


 integrating technology into this in a way that can still 


 


 transform the capabilities and the characteristics of the 


 


 system sort of in our view drove the need to really think 


 


 how to optimize the grid operations and resources in a 


 


 dynamic way.  This brings up several of the key attributes 


 


 of what's often been referred to in the smart grid as sort 


 


 of the multidirectional power and communication, sort of 


 


 the adaptability of controls and protections, changing 


 


 conditions.  It's also in the long term thinking about how 


 


 to integrate demand response and consumers into both 


 


 planning and operations of the system. 


 


               Measuring, modeling, and controls group had 


 


 three focus areas.  The first was measurement and control, 


 


 really about acquiring, sharing, and processing of data 


 


 throughout the system.  This is really about the real 


  







                  


 


 


 


 time, taking the data in and putting that into action. 


 


               There was the communications and security, 


 


 which is about having the backbone, sort of the enabling 


 


 secure, resilient information backbone.  And I'll touch on 


 


 this in a little bit as well. 


 


               Modeling and analysis, facilitating system 


 


 understanding, more I would say in the offline.  Not 


 


 really as much the real time you see in the control side, 


 


 but how does that support grid operation, planning, 


 


 Markets, policy decision making, technology adoption, 


 


 which has come up quite a bit today. 


 


               The depth and breadth of data is growing, 


 


 and what this is providing us is the ability to have 


 


 demand-side flexibility to be able to meet some of the 


 


 supply-side variability.  Through the recovery act, 


 


 substantial investment has occurred on the distribution 


 


 side: 15 and a half million smart meters, sensors, 


 


 switches, over 6500 distribution circuits or 800 networked 


 


 phasors.  All of this are providing a level of depth and 


 


 breadth in data that we've never had before.  And this 


 


 really sets the foundation for a core sense of capability 


 


 into ways that we could both understand the system and 


 


 then how we can use that understanding to build new 


 


 control approaches to operate and plan the system. 


 


               It's also the reality that this is only, in 


  







                  


 


 


 


 a sense, a sort of small I don't want to say a scratch to 


 


 the surface of where the potential could be, but it really 


 


 only represents a small percentage of the household, and 


 


 it's sort of a little bit of what the technology potential 


 


 truly is. 


 


               But what we're still seeing is a significant 


 


 impact that's occurring in this distribution automation 


 


 technology, improved energy efficiency, improved 


 


 reliability, operational efficiency improvements, lowering 


 


 overall operations and maintenance.  All of these are sort 


 


 of driving the cost-benefits discussion as they are 


 


 considered.  There was a study that came out from PNNL 


 


 that sort of focused on the value to the conservative 


 


 voltage reduction, and I sort of bring out a couple points 


 


 there as well in red.  But you're seeing this investment 


 


 turn into sort of value and return. 


 


               There's also the understanding I mentioned 


 


 earlier on about the consumer and how they fit.  And this 


 


 really comes into that there's both a technology and a 


 


 policy linkage, but there's also not one solution is going 


 


 to be the only one for everybody.  One of the projects 


 


 is -- there's basically about ten studies that are going 


 


 on that are looking at the benefits in various factors, 


 


 and they're outlined here.  One is Oklahoma Gas & Electric 


 


 is actually looking at sort of the pricing strategy and 


  







                  


 


 


 


 how it compares against technology to say, okay, how do 


 


 the two of those play off of one another and what's -- 


 


 what are you seeing from this and sort of really providing 


 


 some insights there in terms of how sort of the regulatory 


 


 system structures are appreciating or can complement some 


 


 of that technology development. 


 


               Synchrophasors on the transmission side, 


 


 team spent quite a bit of time looking at this.  For those 


 


 of you who are not familiar with it, synchrophasors 


 


 provide GPS time-synchronized high-resolution data.  So 


 


 rather than a few samples every second or every few 


 


 seconds you're getting 30 to 60 samples a second, and it's 


 


 all time synchronized.  So today what we're seeing is the 


 


 phasors being used for forensic analysis, we're really 


 


 seeing them being used for control strategies after an 


 


 outage. 


 


               But where the team sees it moving is much 


 


 more in terms of how does this become embedded into the 


 


 control philosophy at the transmission and operational 


 


 level.  This includes sort of integrating renewable and 


 


 variable resources, automated controls, demand response, 


 


 increasing transmission system through-put, improving 


 


 system modeling.  The capability that comes out of this 


 


 helps you understand grid stress, its robustness, 


 


 instability issues, even reliability margins. 


  







                  


 


 


 


               Under the recovery act, 804 PMUs are going 


 


 in.  This really sets the stage, basically puts in place 


 


 sort of a nationwide coverage.  There are going to be some 


 


 additional opportunities for specific targeted phasor 


 


 deployments, and the team didn't want to discount those. 


 


 But as a whole what you see is a very broad, at least 


 


 geographically, view of where the phasors are now being 


 


 deployed, the data that they can yield in terms of the 


 


 system understanding. 


 


               In terms of products, in terms of tools and 


 


 platforms that can move you, enhance demand-side 


 


 flexibility, we're seeing things moving from the 


 


 monitoring to more the control side over a period of time. 


 


 This sort of breaks it down in terms of different types of 


 


 platforms that could potentially be investigated and be 


 


 supported going forward. 


 


               On top of all this there is a realization 


 


 that you need seamless communications, and it's not 


 


 something that's just going to happen at individual 


 


 levels.  One of the things that strikes me about this 


 


 graphic is basically some of the jurisdictional boundaries 


 


 that have come up, sort of the ISO, the RTO, utilities, 


 


 how all of this happens, the consumer.  And at the end of 


 


 the day, one of the questions that comes to be truly 


 


 effective and to be integrated to what extent does that 


  







                  


 


 


 


 seamless communication need to flow across the system, to 


 


 what extent does data access become critical. 


 


               We did not focus on specific communication 


 


 technologies.  There were a lot of them.  But what we 


 


 wanted to focus on was a few -- basically three areas that 


 


 we thought were critical, the trustworthy information 


 


 sharing would be built upon.  Those are standards. 


 


 They're dealing with the privacy protection issues. 


 


               And then ultimately it's also cyber 


 


 security.  This graphic actually shows in the green 


 


 basically the comparison of the intruder -- what the 


 


 intruder knowledge needs to be to carry out an attack. 


 


 And what you see is actually the intruder knowledge has 


 


 been decreasing with time and the sophistication of the 


 


 attack is going up, which means it could be -- people 


 


 don't have to be just that really, really bright computer 


 


 hack of the early 1990s that would break into a system. 


 


 Given the Internet and other things, cyber security plays 


 


 a very real concern. 


 


               It's also something that while we can -- 


 


 another program says here's our goal, here is our metric 


 


 we just achieved.  In this area we felt that this is 


 


 something that continues to evolve.  And what we need to 


 


 do as a country is be thinking about how can we, as 


 


 partnerships and through the resources we have, support 


  







                  


 


 


 


 one another in continuing to stay being in the forefront 


 


 and understanding what the threat and what the potential 


 


 opportunities would be. 


 


               Modeling, analysis, this is the third 


 


 element that I mentioned earlier.  So measurement and 


 


 controls, (inaudible) communication, (inaudible) analysis, 


 


 this really helps us be students of the system.  We 


 


 thought about accelerating performance.  How can you 


 


 increase the performance of the tools you already have. 


 


 How can you increase the predictive capability of these 


 


 tools.  And it's also how do we start integrating across 


 


 modeling platforms, really understanding the interactions 


 


 and the interdependencies that can help guide technology 


 


 adoption, can help guide what policies could be effective. 


 


               Performance and predictive capability, this 


 


 is not just about taking the problem that we have today 


 


 and throwing it on a super computer.  What this is is 


 


 about thinking how to improve the way we approach the 


 


 problem, how to shift from using offline analysis and 


 


 conservative margins to really saying we now have this 


 


 ability to leverage this real-time data and some of the 


 


 dynamics that are part of the system, that are critical to 


 


 sort of understanding the variability and the flexibility 


 


 of the system, and build this into an understanding that 


 


 doesn't allow us just to react but to predict where the 


  







                  


 


 


 


 system is going so that we can sort of mitigate the 


 


 effects. 


 


               Right now we're also looking at a lot of 


 


 it's based upon the operator having to be able to react 


 


 under fast decision-making processes when an event occurs 


 


 on incomplete data.  How can we start helping with whether 


 


 training or other ways to be able to support and improve 


 


 this process. 


 


               Modeling platforms.  There are a lot of 


 


 models that are out there, a lot of them have come up 


 


 today.  You can find just about every one, people -- I've 


 


 heard GridLAB-D, I've heard GE ones, I've heard a whole 


 


 bunch since we were here today.  And the question is each 


 


 of these in and of themselves has a lot of merit for 


 


 answering the questions that in itself is being -- that 


 


 they have been designed to answer. 


 


               Now the question is how -- as we start 


 


 looking at these system level problems, how can we start 


 


 feeding data from different models into other models to be 


 


 able to enrich both the accuracy as well as the capability 


 


 of this as a whole.  This really helps whether it's 


 


 feeding in more distribution network modeling and to help 


 


 so that you can understand demand response into 


 


 transmission systems, this can help with understanding the 


 


 dynamics and how that can impact other types of -- I mean, 


  







                  


 


 


 


 this -- or even just dealing with aggregating the data as 


 


 a whole, just getting a better understanding of the 


 


 system. 


 


               Finally, there are a few areas that the team 


 


 talked about in terms of emerging areas in terms of 


 


 modeling and potential capabilities that could be pursued. 


 


 One is just dealing with this uncertainty issue, whether 


 


 it's wind generation, load, contingency, just the whole 


 


 spatial temporal dimension, and the graphic there on the 


 


 bottom right really talks about -- I mean, you have 


 


 transmission citing and construction which is out 10, 15 


 


 years.  At the same time, we need to be thinking about 


 


 Markets, we need to be thinking about protection, we need 


 


 to be thinking about real-time controls, we need to be 


 


 thinking a month before that about relay sets.  How do we 


 


 start thinking of this in a different way? 


 


               Ramping, economic mismatch, dynamic effects. 


 


 Infrastructure interdependency, that's something that 


 


 comes up a lot.  And then it's also this whole issue of 


 


 pricing.  How do you start to cooptimize all of these 


 


 different factors and also at the same time capture 


 


 consumer behavior. 


 


               I thank you for your time. 


 


               XXX:  I'm going to switch here a 


 


 little bit, because we talked about storage and we have 


  







                  


 


 


 


 some critical mass in the program.  XXX talked about the 


 


 things we're doing that start to get to modeling and 


 


 control.  I'm going to talk a little bit about hardware 


 


 and about (inaudible) electronics. 


 


               And I think what's a little different in 


 


 this space from a DOE perspective is hardware investments 


 


 are pretty expensive.  And we've done -- we've had some 


 


 home-runs in this area, but in general they've been one 


 


 and two of a kind kind of things, not dedicated, long-term 


 


 programs that would have (inaudible).  So I think what 


 


 you're going to see is a picture that's kind of mixed. 


 


 When you look at what's gone on in the past couple decades 


 


 and kind of where the future is going, and it gets back 


 


 again to what is DOE's role in this space. 


 


               We talked about how this is an evolving 


 


 system -- I think we all know that -- and to enable this, 


 


 the infrastructure must evolve to meet these challenges. 


 


               Bulk congestion and reliability issues, the 


 


 solutions that come into this can come from the lines, 


 


 they can come from the substations and nodes in the 


 


 system.  And how do we go about that?  Even though there 


 


 are a large number of those, it's going to be crucial how 


 


 we think this through, how do we relate back to some of 


 


 the things that XXX is talking about or XXX was talking 


 


 about. 


  







                  


 


 


 


               Advance substations can enable us.  We can 


 


 start to look at power that could be actually routed.  And 


 


 we know we're sending power where we want.  And I'll talk 


 


 a little bit more about that.  And the substation 


 


 components can become important, looking at the individual 


 


 not only the components themselves, the transformers, 


 


 converters, FACTS and controllers, breakers, and I'll 


 


 touch on these, but also the basic materials behind them 


 


 and the science behind them and do we need to 


 


 fundamentally rethink how these things are acting in the 


 


 world that we're trying to evolve to today. 


 


               If you look at what DOE has done, the 


 


 circles around are places where we have touched in the 


 


 space and made some contributions, but other places that 


 


 are either shorter payoffs or longer term payoffs in the 


 


 sense of more indirect.  And an example of that is there's 


 


 been a great deal of basic science work on materials and 


 


 dielectrics and insulators not necessarily targeted to the 


 


 grid.  So it's a question of how can we mine that data and 


 


 utilize that or even in the future get it more coordinated 


 


 toward where the needs are of the system. 


 


               Reconductoring is the big issue.  If we can 


 


 utilize the spaces that exist now, that we already have 


 


 access to, then in the next ten years that's a really 


 


 fruitful area to look at because we don't have to think 


  







                  


 


 


 


 about new rights of way.  So how do we do that? 


 


 Historically we've built bigger and bigger lines. 


 


 Reconductoring with advanced cables and conductors, higher 


 


 power densities, more power loads and lower voltages, 


 


 there's different ways to make the system work is kind of 


 


 where the trend is going. 


 


               People talked about New York some this 


 


 morning.  Building new transmission lines in New York City 


 


 is really, really a problem.  And they need to break 


 


 through in super conductors or something equivalent to 


 


 that to really get the density of power to move in the 


 


 system to make that happen. 


 


               So we can think about this probably as a 


 


 systems thrust of where DOE could have a real impact in 


 


 the system and how we can address some of the capacity 


 


 issues. 


 


               We have done some work in conductors and 


 


 cables.  We have four demonstrations of high temperature 


 


 super conductoring systems out there now.  (Inaudible) 


 


 system is 138 kVs, the highest power SCS system in the 


 


 world.  Those are demonstrations that will stop.  They're 


 


 not really at this point key to push into the Market 


 


 further and to make that happen.  I think that's a big 


 


 question as to where is this technology going and at this 


 


 stage of evolution. 


  







                  


 


 


 


               We also work with  M on their metal matrix 


 


 core conductor, and just in February they celebrated at 


 


 their plant moving a thousandth mile through the system, 


 


 through their plant.  And that's key.  It's an expensive 


 


 technology, but in certain areas it's the only solution, 


 


 can cross rivers, cross environmental sensitive areas, can 


 


 carry a lot more load than conventional systems can. 


 


               And we've had work going on at Georgia Tech 


 


 and other places looking at are there other special 


 


 modules we can put online to understand what's happening 


 


 better and to utilize, again, rights-of-way that are 


 


 access to those lines. 


 


               Then there are targets that we can set, 


 


 going after new overhead and underground cables. 


 


               We talked about routable power.  Looking at 


 


 work going on in this case, if you could actually move 


 


 power the way you actually wanted to, it's    percent of 


 


 business as usual in terms of the power needed to satisfy 


 


 the problem that you're after.  It's a very high impact 


 


 area, very hard problem.  It's going to take a real 


 


 concerted effort to make this happen.  And there's one 


 


 project right now in this Department. 


 


               Power electronics, huge area.  A lot of work 


 


 worldwide happening in power electronics.  Less so 


 


 targeted to high power electronics.  So it's, again, 


  







                  


 


 


 


 looking at what differentiates the needs of the grid for 


 


 these devices and do we have the right materials and the 


 


 right systems that we're going after. 


 


               FACTS devices, there are one or two in the 


 


 world operating.  Costs are too high.  How do we drive the 


 


 cost down in them?  We know they work, we know they'll 


 


 help the system.  How do we get at that?  Is that a target 


 


 area? 


 


               Power converters.  If we're going to push 


 


 more D.C., if we're going to talk about multijunction D.C. 


 


 links, we don't have the systems to do that now.  It could 


 


 be a targeted area.  And we could look at that, and it 


 


 leads back to if you can do critical connections on 


 


 shorter D.C. links you can start to move renewables in 


 


 different places.  It's a relatively simple solution set 


 


 compared to building an entire network that has to move 


 


 the system. 


 


               Power electronic devices, again very 


 


 important.  Advances in semiconductor materials are 


 


 crucial, and we have a few targeted, very good project 


 


 activities going on in the space, both R&D and ourselves. 


 


 But the potential -- if you look at the bottom, the 


 


 potential for operating temperature increases, the 


 


 breakdown of voltage potential, they're huge in the 


 


 material space.  How can we get -- move into the applied 


  







                  


 


 


 


 space and move this into devices that could impact all 


 


 across the grid system. 


 


               Advanced transformers, this is a critical 


 


 piece.  Not a lot of work has gone into this space.  We 


 


 currently have one project on transformers.  I'm aware of 


 


 three projects in the last ten years that we've worked on 


 


 advanced transformers.  We showed potential to increase. 


 


 Hasn't moved into the Market space.  So it's not -- how do 


 


 we be more successful with targeted things, what are the 


 


 priorities to go after, what are the big impacts to be 


 


 found.  And in this area DOE has not been strong. 


 


               Protection devices, two-way flow.  We talked 


 


 a lot about that in different various ways today.  If we 


 


 can get this, if we can build systems, it's going to 


 


 change the system.  Do we understand the changes to that 


 


 system?  For example, are we going to get bigger fault 


 


 currents?  Yes, we probably are.  How do we deal with 


 


 them?  How do we have equipment, you know, that will 


 


 arrest that development?  How do we go at different kinds 


 


 of switches and breakers to make that happen, again back 


 


 to the D.C.  And how can we project the equipment that we 


 


 have in and the future equipment that we want to put in in 


 


 areas for targeting.  So we talked about that. 


 


               The last thing I wanted to mention is we do 


 


 have in the 2012 request a smart grid technology and 


  







                  


 


 


 


 systems hub that we want to go after, and this really 


 


 targets around the substation, to rethink the functional 


 


 characteristics of those components and the material means 


 


 for a modern grid.  Really come with a concerted effort 


 


 can we build a different kind of substation and the 


 


 components around it at a junction where a lot of this 


 


 communication has got to flow from both sides and it needs 


 


 to figure out how to handle this.  And we might just be 


 


 able to make a leap-frog activity here. 


 


               And I'll stop there.  And that summarizes 


 


 the DOE presentation.  Thank you very much. 


 


               XXX:  The grid guys are good. 


 


 Previous workshops ran over. 


 


               We have a few minutes.  If there are 


 


 questions for any of these guys, now would be a reasonable 


 


 time for that.  We are scheduled -- we could go now or in 


 


 five minutes or so to break out to talk about more 


 


 technical issues.  There were three presentations, but 


 


 with this size group it's too big to break into thirds, so 


 


 we designed these four general topics for breakouts.  And 


 


 I'll leave these up if anybody has any questions for these 


 


 guys on details of their presentation, and then I'll come 


 


 back up in a moment and talk a little bit more about the 


 


 goals for the afternoon breakouts.  But were there 


 


 questions? 


  







                  


 


 


 


               XXX:  I had a question for XXX. 


 


 In the presentation and then in the document you talk 


 


 about robustness of the system.  You talked about 


 


 utilization.  And what I'm trying to ascertain is are you 


 


 seeing those as diametrically opposite issues, or are you 


 


 proposing that those are in somehow link and parallel and 


 


 you can get both? 


 


               XXX:  Well, we hope we can get both. 


 


 The flexibility of the system is going to be so key 


 


 because there are just so many variables we don't know, 


 


 for example the future generation piece.  And so ideally 


 


 we go after both. 


 


               XXX:  I agree. 


 


               XXX:  So can we find ways to do that. 


 


 Things that seem to be contradictory, can we change the 


 


 game, can we change how we come at this in a way and make 


 


 that happen. 


 


               XXX:  So that's more of a 


 


 question as to how can that happen, or are you looking at 


 


 something else that you think can actually get us there at 


 


 this point? 


 


               XXX:  In terms of the robustness 


 


 issue, I mean, I would argue that things that we're 


 


 investing in right now to get a better understanding of 


 


 what's happening before storage is an issue could provide 


  







                  


 


 


 


 a level of robustness that would improve the overall 


 


 (inaudible) the same utilization.  So I would say, yes, we 


 


 are making some investment in that area.  I would say 


 


 there could be considerably (inaudible). 


 


               There's other technology issues that could 


 


 be explored that we have not explored to date.  You could 


 


 maximize the -- 


 


               XXX:  Okay.  I just need to get 


 


 a handle on where you were headed with that particular set 


 


 of framing questions.  So thank you. 


 


               XXX:  Other questions? 


 


               XXX:  So as we start to develop 


 


 new hardware technologies, what is the likelihood that 


 


 U.S. industry will capture these rather than seeing them 


 


 go abroad?  I understand, for example, that the substation 


 


 transformers we don't do in the U.S. anymore. 


 


               XXX:  Or breakers. 


 


               XXX:  Whatever.  Right.  Yes. 


 


               XXX:  So that to me should be an 


 


 incentive for the U.S. government to say let's change the 


 


 game.  Let's figure out if we can figure out a different 


 


 way into this space and then we can control that space. 


 


 And I think that's worth thinking about.  What are the 


 


 characteristics that would change and these guys would 


 


 then produce what they produce.  But if we're really 


  







                  


 


 


 


 coming at it a different way -- and that's the challenge, 


 


 can we be good enough to do that. 


 


               XXX:  Other questions? 


 


               So the way the afternoon breakouts work, 


 


 you're free to pick which -- there's no way I was going to 


 


 be able to know, looking through the invite list, which 


 


 would be a group any of you all wanted to join.  So please 


 


 assign yourselves.  If one group is really big and another 


 


 group is really small, if you have a secondary interest in 


 


 the other group, for balance that might be appreciated. 


 


               A little bit of sense of what kind of areas 


 


 we're trying to cover in the afternoon breakouts, we're 


 


 really trying to get a sense from you about where you see 


 


 these fields going, where -- what are the milestones, what 


 


 are the important pathways that need someone's attention 


 


 and, secondary to that, is that DOE's attention, is that 


 


 somebody else's attention.  Also, more fundamentally were 


 


 there things that you thought should have been in these 


 


 presentations that weren't? 


 


               These are basically the -- these 


 


 presentations are essentially summaries of the technology 


 


 assessments that are going to go into our thinking as we 


 


 pull together that logic flow to build the QTR.  If things 


 


 were missing or things we have wrong, we need to know 


 


 about that.  And so this is a chance to get essentially 


  







                  


 


 


 


 peer review of where we think we stand on that. 


 


               And, yeah, if there are particular 


 


 constraints on these pathways or particular pathways you 


 


 think are mentally fruitful, would solve problems for you 


 


 that are generalized national type problems, highlight 


 


 those for us.  And generally just try -- we're trying to 


 


 get a sense of this whole space, what we've got right, 


 


 what we've missed, and a sense of priorities among all the 


 


 different kinds of technologies that you just heard about. 


 


               So we're scheduled to break out for about an 


 


 hour and then take a break.  So I think we'll do the 


 


 same -- the same physical tables will carry the same 


 


 numbers as they did this morning, the pieces of paper 


 


 should be on the table, and pick your number and go to it. 


 


               (Attendees will reconvene in breakout 


 


 groups.) 


 


               XXX:  We're going to get started 


 


 back up again.  I will stall for ten seconds while I wait 


 


 for anybody that's out in the lobby to come in and join 


 


 us. 


 


               What we will do for the next 15, 20 minutes 


 


 or so is to have folks from the QTR team who are 


 


 participating in the various technical breakouts give just 


 


 really short report-backs so everybody can benefit from 


 


 conversations they didn't get to participate in.  After we 


  







                  


 


 


 


 do these technology-specific report-backs, Mike Holland is 


 


 going to take over.  And the team huddled over lunch and 


 


 sort of compared notes about the morning breakouts to pull 


 


 out common themes or particular interesting ideas.  So 


 


 he'll do a quick run-through of those and we'll go back 


 


 into more open conversation. 


 


               So I had the pleasure of participating in 


 


 the system awareness and control technical breakout, which 


 


 as somebody who as a business who did control theory for 


 


 quantum mechanic systems was interesting to listen to the 


 


 same thing for something pretty close to the opposite end 


 


 of the scale spectrum.  So we had a conversation that 


 


 spanned over the course of the full range between 


 


 (inaudible), communications, necessary processing.  So -- 


 


 while talking about decision support in particular, 


 


 including how -- what the role of humans are in 


 


 controlling the grid, and then some about what the actual 


 


 actuators are for demand and what those actual -- the 


 


 actual lever that you hold to control the grid actually 


 


 is. 


 


               So most fascinating part, or a particularly 


 


 fascinating part of the conversation for me was the 


 


 question of the human interaction, where we are on human 


 


 interaction in the grid.  What we used to have -- was news 


 


 to me; I'm not the energy expert -- there used to be 


  







                  


 


 


 


 humans in substations.  In my lifetime I've never seen a 


 


 human in a substation.  So we managed to abstract the 


 


 level of control enough to not have -- not need a human at 


 


 that spot. 


 


               So we're on some trajectory potentially 


 


 towards not needing humans elsewhere in the immediate 


 


 control of the grid as well, and the question is how are 


 


 we actually going to get there, will we actually get to a 


 


 place where we have what's described as a fly-by-wire 


 


 grid, where there's no actual human with the manual 


 


 control directly onto the actual actuaries in the system. 


 


               One thing that was notable is that people, 


 


 both policies and actual training and such, are slower to 


 


 change than software or perhaps even some hardware, and so 


 


 that will have an impact on the time scales for 


 


 potentially implementing sensors and controls and such. 


 


               Talked a lot about what the actuation for 


 


 controlling the grid is and particularly in terms of 


 


 controlling demand, that thinking of controlling demand as 


 


 essentially interrupting individual loads rather than 


 


 uncontrollable load shedding, perhaps blackout type 


 


 circumstances.  And we talked about the need to actually 


 


 understand the system better and where we actually are in 


 


 the dynamics of a complicated system, understanding how 


 


 close to the edge actually we are in terms of stability 


  







                  


 


 


 


 and how could we operate the grid more effectively to 


 


 actually operate -- utilize its resources more 


 


 effectively, which would mean generally operating closer 


 


 to the edge, risking stability perhaps -- but, you know, 


 


 you want to maintain stability, reliability, robustness, 


 


 but get more out of the grid that we've got. 


 


               And interesting to learn that the time scale 


 


 generally thought among the individuals at the table for 


 


 actually implementing these kinds of stuff, new 


 


 technologies, is really in comparably short term, five to 


 


 ten years, which compared with the time scales for 


 


 developing say in the nuclear plant is actually pretty 


 


 packed. 


 


               So with that, are there folks from my table 


 


 who -- did I miss something?  Is there something important 


 


 that I missed that you want to add? 


 


               I will turn it over to whoever was at 


 


 table  . 


 


               XXX:  So I'm going to try to give 


 


 an overview of some of the major themes that resonated 


 


 with the modeling group.  The first really dealt with 


 


 ability and need for access data itself, investments and 


 


 models and simulations pretty much mean at the end of the 


 


 day we need to have realistic and accurate data to be able 


 


 to validate and verify what specifically we were trying to 


  







                  


 


 


 


 do. 


 


               Related to that was sort of the 


 


 institutional divides that were out there.  We don't have 


 


 publicly available real test cases.  There were issues 


 


 discussed about operators not having access to planner's 


 


 data, sharing between ISOs, RTOs, between utilities, even 


 


 though some of their actions were both complementary and 


 


 sort of there's some interdependencies there as well. 


 


               In addition to the data, there was a 


 


 recognition of the need for concurrent development of 


 


 applications, but at the same time there's no 


 


 standardization of data, there's no standardization of 


 


 models.  There's no national steward right now for tools 


 


 and modeling capabilities, and that extends right from the 


 


 planning through the operation on out.  There was some 


 


 debate about what the role in the government should be for 


 


 that purpose.  Development of new modeling capabilities, 


 


 using some of the phasor data to be able to validate and 


 


 verify some of the modeling tools. 


 


               Suggestions were raised about simulations, 


 


 sort of look-aheads to help the utility with understanding 


 


 if they take a certain action what might that mean in 


 


 terms of future predictions of where the grid would be in 


 


 terms of especially dynamics.  Not just steady state but 


 


 sort of the dynamic aspects across the system. 


  







                  


 


 


 


               A lot of focus in the discussion as a whole 


 


 on themes issues, whether it was across models, whether it 


 


 was across jurisdictional boundaries, whether it was 


 


 across data sources. 


 


               Then finally I think the -- well, actually, 


 


 two last points.  One was dealing back to the theme of 


 


 flexibility.  One of the -- there was one comment talking 


 


 about do you need to focus models on achieving an optimal 


 


 solution for a particular case or do you need to be 


 


 thinking about a model platform that ensures the breadth 


 


 of coverage over all likely options that you may see.  So 


 


 it may not get that targeted optimal result, but, yeah, it 


 


 gives you the flexibility to accommodate the breadth of 


 


 what might occur. 


 


               Then the last one dealt with the timing of 


 


 this.  A lot of discussion about what are the potential 


 


 implications in terms of what it took to develop modeling 


 


 platforms.  There was a lot of discussion about, oh, well, 


 


 maybe we could do this if there was concerted effort and 


 


 there was agreement and data.  Laundry list of 


 


 assumptions.  But maybe this could even be done in the two 


 


 to three years.  So it's not a 20-year-out type of 


 


 research activity, but it's really something that could 


 


 have significant impact in the shorter term. 


 


               I guess on that, I know there are a lot of 


  







                  


 


 


 


 people in the room that were involved in this group.  If 


 


 there's anything I left off you want to add.  Once, twice. 


 


 Nope. 


 


               XXX:  So I was in group 3, which was 


 


 storage, ancillary services.  And was a lively discussion, 


 


 a lot of really interesting insights. 


 


               There were kind of two main themes that I 


 


 heard kind of came up again and again, and they were 


 


 related to the kinds of studies and forecasting that DOE 


 


 could sort of help with and the need for databases of 


 


 information. 


 


               So on the study side, seemed like there -- 


 


 the kinds of studies that would be helpful would be cost 


 


 effectiveness of different kinds of storage for different 


 


 sorts of services; the impact of geographic diversity on 


 


 storage needs from area to area; and also just the need 


 


 for kind of forecasting in general to know -- to optimize 


 


 kind of storage that you would put in place. 


 


               On the databases side, I heard that a 


 


 general database of all the different storage projects, 


 


 both that have been funded by DOE, that have been put in 


 


 place internationally just to kind of get an idea of where 


 


 they are and kind of a set of data about all of these, who 


 


 owns them, where they're installed, what kinds of storage 


 


 there are, and then try to collect some lessons learned 


  







                  


 


 


 


 from all of those and also if we could get access to the 


 


 raw data so that people could do studies and analysis. 


 


               And then there was another idea that just 


 


 the one collection of all the different regulations that 


 


 are in place with respect to installing storage was a big 


 


 need. 


 


               There was some discussion about the impacts 


 


 of electric vehicles on storage in the grid.  And the 


 


 theme I heard is that using electric vehicles as a sort of 


 


 distributing storage mechanism was probably unlikely. 


 


               In terms of community energy storage, there 


 


 was -- I heard from many people that community storage 


 


 would be important in the future and is an integral part 


 


 of kind of distributed energy, was a nice complement to 


 


 bulk storage. 


 


               There was a lot of discussion of different 


 


 business models and how you fund storage, so how you 


 


 spread the different rate to different ratepayers, the 


 


 different kind of revenue streams which would be 


 


 necessary, how you're going to need different -- to 


 


 provide different ancillary services, and you need open 


 


 (inaudible).  In terms of kind of buying and selling, 


 


 (inaudible) doesn't really make sense, but that storage 


 


 should be like a pay-per-service charge. 


 


               I heard that DOE's role in this area should 


  







                  


 


 


 


 really be on incremental advances and deployment, not -- 


 


 because the challenges that require the storage are so 


 


 immediate that DOE should really focus on the near term, 


 


 and that pilot projects are really important to get the 


 


 lessons learned.  And that DOE should support these pilot 


 


 projects to multiple different funding mechanisms and 


 


 really follow through so that the supply chain can be 


 


 developed. 


 


               And that was my rundown.  If anybody from my 


 


 group has anything to add, feel free. 


 


               XXX:  One thing we also said was 


 


 that storage benefits from having Markets, so be able to 


 


 sell them to the regulation Markets, for example, 


 


 (inaudible) is important, also. 


 


               XXX:  The other thing perhaps it wasn't 


 


 just support for demonstrations and analysis; the support 


 


 was also there I believe for more basic research as you 


 


 cycle back and need more technology development. 


 


               XXX:  Okay.  So I had the end-use 


 


 participation breakout session.  So one of the issues that 


 


 we discussed was this human technology interface.  One of 


 


 the questions was whether it was too complicated to really 


 


 deal with in this way, sort of the feeling of some players 


 


 in the utilities to maybe pull back, thinking it's too 


 


 complicated and we're just the infrastructure providers 


  







                  


 


 


 


 and to leave it to somebody else to deal with. 


 


               Then the question was is DOE the right party 


 


 to do that.  We're seen and we often see ourselves as just 


 


 the technology developers.  So there was some discussion 


 


 of whether we understand the customers well enough and 


 


 whether -- and who should -- and who should help us with 


 


 that. 


 


               The question when it came to the issue of 


 


 integrating electric vehicles into the system, there was a 


 


 viewpoint or view that the grid and the utilities in the 


 


 system have a different viewpoint of what's acceptable and 


 


 not acceptable, and the consumer might not appreciate that 


 


 tension, is an issue that we have to think about. 


 


               Vendor.  There was an impression from some 


 


 of the parties, people there, that the vendors may be 


 


 nervous about mandates or about standards, and part of the 


 


 worry is that the rate of change of standards is much more 


 


 slow relative to the rate of change of technical 


 


 innovation.  And another view on vehicles and, you know, 


 


 the utilities are not seen as having any deeper 


 


 understanding of consumers, so that makes the integration 


 


 (inaudible) a challenge. 


 


               When we were discussing the security issue, 


 


 there was some discussion of who in the government should 


 


 own this or what was DOE's role in that, should Department 


  







                  


 


 


 


 of Homeland Security do that or something like that.  But 


 


 the point was made that given that you need to build cyber 


 


 security into the technology from the get-go that DOE 


 


 needs to be engaged on this issue.  And that when it came 


 


 to security, cyber security was only one of the issues 


 


 that we should be thinking about.  There was the physical 


 


 security of the systems and the fact that when you start 


 


 having distributed entry points to the grid with all sorts 


 


 of interfaces that when you are rapidly increasing the 


 


 number of things that you have -- points of entry into the 


 


 system, but also privacy issues are also something that 


 


 require attention, the kinds of information people ask 


 


 back and forth between consumers and utilities with other 


 


 parties is an issue. 


 


               Another couple of issues from the technology 


 


 breakout that came up, when sort of -- the Department may 


 


 not be particularly good at communicating to all the 


 


 relevant parties in the -- that are engaged in these 


 


 discussions, and so with consumer advocate organizations, 


 


 they hear regularly from, say, FERC, but not necessarily 


 


 hearing regularly from some Department.  That's something 


 


 that we could improve.  The Department ought to also in 


 


 this arena go back and look at the -- some of the 


 


 coalitions that were put in place to respond to the 


 


 built-in hub, that a lot of the parties that did not win 


  







                  


 


 


 


 put together very interesting groups that we could see if 


 


 there's something that we can go back and learn from and 


 


 maybe build upon. 


 


               And then finally when it comes to this 


 


 end-use participation issue, there was -- the question was 


 


 who -- or how strong a role does DOE have in this given 


 


 that there are public utility commissions, there are 


 


 consumer advocates, there are other parties who are closer 


 


 to the consumer and much more likely to have a better 


 


 pulse or better feel for what their interests are, and you 


 


 also get into issues of federal government entry into 


 


 other parties, their roles and stakes and so forth. 


 


               Then I will give a couple of minutes' 


 


 summary of the morning's breakout sessions, and this is 


 


 sort of the integrated whole from all four of those 


 


 groups. 


 


               One of the -- I think the clear thing that 


 


 we've heard from multiple parties on multiple topics in 


 


 this arena is that DOE brings a lot to the table as a 


 


 convener and an educator of various stakeholders, that we 


 


 have the ability to bring groups together.  Regulators, 


 


 utilities, vendors set a vision.  We can serve as a 


 


 somewhat independent third party on identifying what has 


 


 worked and trying to get the group to move forward on 


 


 those. 


  







                  


 


 


 


               One of the challenges is that that is 


 


 difficult for the Department to explain, document, and 


 


 measure the value of that role as a convener.  And so the 


 


 countervailing force of it being easy to document, explain 


 


 and measure technology development probably puts this in a 


 


 bit of tension.  That's something that we have to work on 


 


 doing a better job of. 


 


               The point was made that regulators and 


 


 consumer advocates need information on the success and 


 


 value of various -- sorry, the type of technologies and 


 


 technology demonstrations to achieve confidence in the 


 


 value of cost recovery and that that -- and reaching out 


 


 to those parties can help speed the penetration of and 


 


 diffusion of technologies. 


 


               One of the points was made that EPRI was 


 


 very good at this role as a convener in the '60s and '70s. 


 


 We may want to go back and look and see how they did it 


 


 and see if there's something we can learn from that. 


 


               In terms of the goals of the Department in 


 


 the grid, we can use this aggregator role and convener 


 


 role to create targets for utility companies and 


 


 stakeholders, sort of maybe we can do a better job of 


 


 using our bully pulpit; that the metrics for the grid need 


 


 to be based on future Market not current Market conditions 


 


 so that items like transparency usage, robustness, or 


  







                  


 


 


 


 someone identified undelivered energy, that's something 


 


 one would want to minimize. 


 


               Other goals.  In terms of taking our 


 


 high-level goals that we set, that we might then try to 


 


 couple those to state level goals or aggregate up state 


 


 level goals and then use that to set intermediate steps, 


 


 intermediate goals to achieve the long-term national goal. 


 


 So, for example,  percent clean electricity by 2035. 


 


               Comments on the composition of our 


 


 portfolio, we are possibly too widget oriented and that 


 


 there's a significant role in fundamental engineering, 


 


 understanding the grid and its performance.  The comment 


 


 was that DOE should invest where industry will not, and so 


 


 there are enough people who are focused on developing the 


 


 technologies themselves and that we have a stronger role 


 


 in pulling everything together for a system 


 


 implementation. 


 


               There was some discussion in various groups 


 


 of sort of what a proper balance in our portfolio would be 


 


 in terms of short-term focus, medium-term, long-term.  And 


 


 of course I put some numbers up there.  All sorts -- all 


 


 over the map.  But some people, basically it was like, you 


 


 know, focus    percent of your effort on the short-term 


 


 stuff and really who cares what the distribution is on the 


 


 other part. 


  







                  


 


 


 


               A time horizon for impact of our programs, 


 


 given that physical scale, the capital exposure, the 


 


 durability of those assets means that infrastructure, 


 


 deployment replacement is planned on these 10- to 15-year 


 


 time frames and therefore incremental improvements are far 


 


 more important than say something, you know, radical or 


 


 (inaudible). 


 


               In terms of system models, we don't have 


 


 models that can give utility commissions -- or that we can 


 


 give to the utility commissions to show them how -- if 


 


 their systems would improve, and therefore utilities tend 


 


 to stick with proven technologies because it's harder to 


 


 get the approval for that. 


 


               And then we had some of the identification 


 


 of this sort of chicken-and-egg problem for 


 


 demonstrations, where you need to have some standards in 


 


 place before the technology is allowed into a 


 


 demonstration at scale, but that you have to figure out 


 


 how to get the standards in place to enable that.  So 


 


 figuring out how to do that is a big challenge. 


 


               I will turn it over to XXX to wrap up 


 


 the discussion. 


 


               XXX:  Good.  All right.  So we are 


 


 aiming to finish.  My guess is that we will finish earlier 


 


 than the scheduled 5:00. 


  







                  


 


 


 


               The floor is open to react.  We're most 


 


 interested in what the DOE's role should be here.  We are, 


 


 as I've seen it, you know, a small amount of money in a 


 


 domain that is vulcanized and is connected perhaps loosely 


 


 by EPRI for some research.  I was amazed to discover the 


 


 ISOs don't talk to one another very much, you can't get 


 


 data to validate models across, et cetera, et cetera.  So 


 


 it seems it's a somewhat chaotic and confusing situation. 


 


 And what is the DOE's role? 


 


               XXX:  Just one observation. 


 


 Recently DOE worked with NERT on putting together a report 


 


 on high impact, low frequency events, so kind of the 


 


 things beyond the normal responsibility to industry, so to 


 


 speak.  And I didn't hear a lot of that today, but I 


 


 personally believe that's very important for us, you know, 


 


 for national security and homeland security perspective, 


 


 you know, thinking about physical security, cyber 


 


 security, large weather events, solar storms, things that 


 


 could affect our infrastructure that's sort of beyond the 


 


 contingency planning horizon for what industry would be 


 


 expected to deal with.  And kind of gets into the 


 


 resiliency of our infrastructure and things like that. 


 


               XXX:  DHS's responsibilities, too, at 


 


 some level, right?  FEMA. 


 


               XXX:  Well, I would hope that 


  







                  


 


 


 


 DOE would take the lead on that, but that does seem like a 


 


 federal role for sure. 


 


               XXX:  So I was just going to 


 


 echo Jeff's comments, because when you talk to the 


 


 utilities, they're focused on serving native load as a 


 


 cost effective -- most cost effective manner, and that's 


 


 what they're driven to do. 


 


               And so it's the opportunities base that we 


 


 didn't have enough discussion and I didn't hear that 


 


 enough.  It would be interesting to get other people's 


 


 comments in the room on that space. 


 


               XXX:  All right. 


 


               XXX:  I'd like to make a comment 


 


 about I don't think it's quite true that the ISOs don't 


 


 talk to each other.  We do.  And we also exchange the 


 


 models with each other. 


 


               XXX:  Oh, really? 


 


               XXX:  We do.  The problem I think 


 


 today is the research community cannot give response.  We 


 


 have the critical infrastructure rules that prevent us 


 


 from giving it to any academic or any other research 


 


 entity.  I think that slows down research, because I 


 


 really cannot check the models or the theories or whatever 


 


 they do.  We internally have the information policy that 


 


 says if I want to give it to somebody, a member of 


  







                  


 


 


 


 (inaudible), for example, they have to have permission 


 


 from every stakeholder (inaudible).  That means all -- 


 


               XXX:  So does that preclude the 


 


 national labs, for example, from hiring -- 


 


               XXX:  The only entity I can give 


 


 the model if they ask is FERC.  Everybody else has to have 


 


 a non -- not -- even nondisclosure agreement is not enough 


 


 because you need to have a contract.  So I give it to our 


 


 vendor of the software because we have -- not only do we 


 


 have nondisclosure agreement but we have a contract. 


 


 Everything else is impossible to do. 


 


               So I know that people that do R&D are 


 


 suffering.  And if anything could be done, it should be 


 


 done.  Because it's so easy to overdo security, and we do 


 


 that quite a bit. 


 


               XXX:  Getting back to XXX and 


 


 XXX's comment.  We actually did have a little bit of 


 


 discussion, again on our first breakout session, and you 


 


 made a point about DHS.  Now, they'll -- my experience 


 


 with them is they'll say that they don't have a 


 


 responsibility for design of the grid, for example. 


 


 They'll assess its security and work with the owners and 


 


 operators to secure the system, but they're not going to 


 


 set a vision of how it should look in 20, 30 years from 


 


 now. 


  







                  


 


 


 


               So what I've observed from the utilities is 


 


 they basically -- they're bound by whatever regulatory 


 


 requirements they have to abide by, the reliability 


 


 requirements set forth by DOE and then by economics.  So a 


 


 lot of times those are not really looking out for the 


 


 larger systems development good of the grid, of the energy 


 


 system for national security.  First of all, they have to 


 


 take care of themselves and they're in survival.  So 


 


 that's where I see DOE really has to look at the larger 


 


 system, and I think the systems perspective is what's been 


 


 lacking in the design and evolution of the grid. 


 


               XXX:  Even if we had an optimal 


 


 design or a better design than what we have, there's still 


 


 a question of moving the system toward that goal or in 


 


 that direction, and that requires cross coordination with 


 


 the regulators.  Technology is only one leverage area and 


 


 maybe not the most important one.  I'll come back again 


 


 that this is more a regulatory organizational kind of 


 


 problem than it is a technology problem. 


 


               Nevertheless, the modeling can certainly 


 


 help and maybe there are discrete technologies that we 


 


 should be looking at, some of which we discussed earlier 


 


 this afternoon. 


 


               Anybody else? 


 


               XXX:  I'll try to talk loud 


  







                  


 


 


 


 enough.  But I want to just make a comment about 


 


 international cooperation.  It's something that XXX and 


 


 his team put a priority on, and I think getting value from 


 


 that international cooperation in terms of lessons 


 


 learned.  And I wonder if that should just go in as an 


 


 element of projects to see what's going on 


 


 internationally.  And, you know, not fund internationally 


 


 necessarily, but the Europeans have a technology roadmap 


 


 that's actually a very good document and a deployment 


 


 roadmap for that technology, and I think there's a lot of 


 


 opportunity to compare notes and just get into projects, 


 


 making sure we're taking advantage of what's going on 


 


 around the world as well as part of the whole research 


 


 platform. 


 


               XXX:  So I'm interested that you 


 


 mention Europe but didn't say China.  My sense is China is 


 


 deploying technologies that are maybe two generations 


 


 ahead of what we're doing here in the U.S.  Is that a 


 


 fair -- 


 


               XXX:  I think coordination with 


 


 China is important as well. 


 


               XXX:  Well, in the storage 


 


 field, I think we need (inaudible), and China would very 


 


 much like to join with us. 


 


               XXX:  I see. 


  







                  


 


 


 


               XXX:  But it's not only that 


 


 China is one of the biggest battery manufacturers now; 


 


 they're also one of the biggest Markets.  So it's 


 


 distinctly in our interest to interact and know what they 


 


 are doing and perhaps lead to a collaboration which would 


 


 be to our advantage. 


 


               XXX:  That's assuming again one can 


 


 have access to the Market. 


 


               XXX:  Especially in areas where 


 


 we are developing open source tools anyway and things like 


 


 that, just let's go see if they'll use them and develop 


 


 them in parallel. 


 


               XXX:  I'll just put in a plug 


 


 for the North American SynchroPhasor Initiative.  And we 


 


 have (inaudible) work groups every year, and every so 


 


 often we have one that's dedicated to let's look at the 


 


 process outside our areas, South America, Europe, China 


 


 and all over. 


 


               XXX:  The synchrophasor deployments 


 


 elsewhere, from other grids? 


 


               XXX:  Yeah.  Exactly.  Because 


 


 there's a lot going on worldwide.  So I'll just put in a 


 


 little plug that we have one of those programs. 


 


               XXX:  Other discussion? 


 


               XXX:  Coming back to the 


  







                  


 


 


 


 comments you were making about the -- in what direction 


 


 the system should go, you said it's kind of a regulatory 


 


 issue maybe more than the technology issue.  But you can 


 


 say, well, nobody is really looking at what a good system 


 


 would be from a bigger perspective.  So that may be a role 


 


 for the DOE. 


 


               XXX:  Right.  Again, with the various 


 


 dimensions and metrics of goodness. 


 


               XXX:  Yes.  And taking the other 


 


 stakeholders together. 


 


               XXX:  That's good.  I mean, is 


 


 there -- you know, you can say clean slate, right?  Let's 


 


 design a grid from scratch.  And of course you can't get 


 


 there from here very easily or very quickly, but 


 


 nevertheless it gives you kind of a vision.  Has anybody 


 


 done a study that says this would be the optimal grid? 


 


               XXX:  Pieces and parts. 


 


               XXX:  Pieces have been done and 


 


 parts. 


 


               XXX:  I wouldn't claim that 


 


 that -- the people have tried to -- there is an effort 


 


 that (inaudible). 


 


               XXX:  There's no one 


 


 alternative; there are several. 


 


               XXX:  There's no one alternative; 


  







                  


 


 


 


 there could be several alternatives. 


 


               XXX:  And all of them could 


 


 survive.  Depends which one -- 


 


               XXX:  Depends what direction everyone 


 


 wants to go. 


 


               XXX:  I do think it's good to 


 


 differentiate between -- what historically has been done 


 


 is bottom-up planning for transition generation.  And when 


 


 you have clean energy technology such as wind, energy 


 


 source, top down, you learn something from doing both 


 


 methodologies.  You learn something new.  So you have to 


 


 have that diversity in analysis, diversity in modeling, 


 


 diversity in understanding the grid. 


 


               XXX:  Again, come back to the 


 


 optimal.  And it's sort of a natural question to ask is 


 


 how far off from the optimal are we?  How much more 


 


 efficiently could we use assets?  How much more robust 


 


 could you be?  How much more emissions -- well, that's on 


 


 the generation side, talk about emissions. 


 


               Those are natural questions to ask.  Maybe 


 


 we're within    percent of optimal anyway.  We're not. 


 


 Okay. 


 


               XXX:  I'm not sure that that 


 


 question really has sense, because it's a bit of a 


 


 chicken-and-egg question because the generation will tend 


  







                  


 


 


 


 to locate where you have transmission and then you 


 


 sometimes build the transmission to meet the generation. 


 


 So you have to look at where you are. 


 


               XXX:  So it's not -- it's an 


 


 evolutionary kind of thing.  We can't move the generation 


 


 easily. 


 


               XXX:  I will push back a bit on 


 


 that.  I'm not sure I entirely agree, because we know that 


 


 the grid has been holding at about 32 percent efficiency 


 


 since the '60s, unchanged for the most part even today, 


 


 all these years later.  And if we're talking about 


 


 modernization, just a better way of getting 32 percent 


 


 efficiency, that's not modernization in the best sense of 


 


 the word. 


 


               I think studies suggest that with real 


 


 integration of real-time information and pulling in 


 


 diverse players, consumers and producers, we could be 


 


 thinking in excess of 50 percent efficiency as a starting 


 


 point.  It could go up or down depending on real-time 


 


 estimates and the like.  But 32 percent efficiency since 


 


 '62 ain't anywhere close to optimal. 


 


               XXX:  So should I take, you know, 


 


 some issue with the fact that you say 32 percent, which is 


 


 the total energy efficiency from the chemical energy or 


 


 nuclear or whatever it is all the way through to end use? 


  







                  


 


 


 


 I would've said the grid is like 92 percent efficient. 


 


 You take the electricity from the generator and move it -- 


 


               XXX:  But we're talking the 


 


 system.  It's enabling.  We want the grid to enable larger 


 


 opportunities for the economy. 


 


               XXX:  More efficient generation. 


 


               XXX:  Right. 


 


               XXX:  When you say optimal, we 


 


 have to make -- meet some objective. 


 


               XXX:  We have to decide. 


 


               XXX:  Optimal from (inaudible). 


 


               XXX:  So somebody was talking about 


 


 robustness against asset utilization, right?  Do such 


 


 curves even exist?  I mean, you can sketch a thing 


 


 qualitatively.  But has anybody really tried to calculate 


 


 if their asset utilization was up at 80 percent how much 


 


 would you sacrifice in reliability? 


 


               XXX:  Yes. 


 


               XXX:  Such curves exist? 


 


               XXX:  Yes, that information does 


 


 exist. 


 


               XXX:  On the same topic of how 


 


 do we improve the efficiency of the machine, the big grid, 


 


 over time, as one artifact of our organized Markets is 


 


 that there's not much collaboration that goes on with the 


  







                  


 


 


 


 grid operator.  So, for example, if you go through a 


 


 process of citing a 20 megawatt energy storage facility 


 


 you really can't ask the grid operator where the best 


 


 place to put it would be from the standpoint of the grid. 


 


               What they do is they kind of hide behind 


 


 this notion of competitiveness and you can't get any 


 


 intelligence back that says this is how we could kind of 


 


 optimally piece this thing together. 


 


               Similarly, same thing with locating 


 


 generation and I would assume transmission.  So that is a 


 


 real impediment, just like this impediment of not being 


 


 able to share information because of the reactions to 


 


 terrorism and all that jazz.  You know, we're not 


 


 really -- I mean, you could say it's a good idea to 


 


 improve the efficiency, but take a look at how we're not 


 


 doing it, not even taking the central repository and kind 


 


 of exercising that.  So somehow that thinking has to 


 


 change. 


 


               One other follow-on thought.  If you're 


 


 building an integrated circuit, you can get a piece of 


 


 software that will eventually allow you to do that.  Does 


 


 that exist for the optimal grid?  It would be a nice thing 


 


 for the DOE to kind of put together.  You know, let's try 


 


 this.  You put in a baseline case, here is New York or 


 


 here's California, and let different people play with it. 


  







                  


 


 


 


 Say, well, suppose we had 10 percent storage, suppose this 


 


 amount of it was fast reacting and this was this, kind of 


 


 a what-if kind of thing.  So let's bring the tools 


 


 together with the information sharing and kind of really 


 


 address the challenge, just the way we would do anything 


 


 else. 


 


               XXX:  We have not done that to date? 


 


               XXX:  Well, not only have we not 


 


 done it, but we're kind of going backwards.  We're 


 


 islanding information, we're not sharing it.  And -- I 


 


 don't know.  I mean, I guess I made that point. 


 


               XXX:  I don't think the last 


 


 statement is true, because there are two ARRA funded 


 


 initiatives for long-term transmission planning, one for 


 


 the western grid and one for the eastern grid.  And the 


 


 western grid, we are closely involved with that and we 


 


 have seen how the processing works.  The WECT (phonetic) 


 


 is closely involved with all the stakeholders, the Western 


 


 Governors' Association, (inaudible), and they have 


 


 involved different entities who actually do this kind of 


 


 planning and do it to systematically transfer, given the 


 


 new available sources which are coming into the system. 


 


               XXX:  You mean the new generating 


 


 sources? 


 


               XXX:  Generating sources. 


  







                  


 


 


 


               And I don't think one should include the 


 


 efficiency of the generation system as part of the grid. 


 


 I really take issue with that.  If you are talking about 


 


 efficiency of the grid, it is only the transmission part 


 


 of the available source to somebody who is going to use 


 


 it. 


 


               XXX:  I want to throw a datum in 


 


 there.  Some time ago I was wondering what is the cost of 


 


 outages to utilities, actually to industry.  And we 


 


 commissioned the study at Berkeley, and the result was 


 


 rather interesting because there were parallel studies at 


 


 EPRI.  It's at the order of $80 Billion a year cost to 


 


 U.S. industry.  Now, EPRI came up with an even bigger 


 


 number. 


 


               If you take $80 Billion a year, that is very 


 


 roughly one-third of the cost of electricity transactions 


 


 in the U.S.  So does this mean that 30 cents on the dollar 


 


 are basically wasted?  And these are not the big outages. 


 


 It turns out the small outages, the momentary outages, 


 


 seconds to at most minutes, are by far the more costly 


 


 ones. 


 


               XXX:  This is the cost to the user, 


 


 not the cost to the utility?  As far as I know -- 


 


               XXX:  To industry, the user. 


 


               XXX:  -- when my electricity goes 


  







                  


 


 


 


 out, my XXX doesn't go down. 


 


               XXX:  But it's in terms of 


 


 activity. 


 


               XXX:  We won't discuss the utilities. 


 


 Good. 


 


               XXX:  I'm going to have to take 


 


 issue with the gentleman here. 


 


               XXX:  The other discussion -- 


 


               XXX:  If you think about the 


 


 grid for a minute -- because it is not simply a series of 


 


 wires and transmission lines and systems to operate; it's 


 


 rather an enabling device to achieve larger social and 


 


 economic, even environmental outcomes.  To that extent it 


 


 also includes things like attitudes, capability of the 


 


 personnel to operate, real-time information to make 


 


 critical decisions in timely ways, ways to enable a more 


 


 robust and prosperous economy.  To that extent the grid 


 


 has enabling powers well beyond the simple wires and the 


 


 computer and the controls that manage the system. 


 


               If we think of the grid in a limited way, 


 


 then we may be foreclosing other options.  So to that 


 


 extent it does matter what the definition of the grid is. 


 


 But I suggest we think about the grid as an enabling 


 


 platform to achieve larger socioeconomic purposes.  Then 


 


 in fact our efficiency is limited at best now and we can 


  







                  


 


 


 


 do much better. 


 


               XXX:  I'm not sure I totally 


 


 understand the efficiency argument.  You look at wind 


 


 generators, they operate at a lower capacity factor, their 


 


 efficiency is lower, yes, they're an enabler to society of 


 


 clean energy.  So I'm a little lost in there.  I thought I 


 


 would throw that example out. 


 


               XXX:  PV even lower. 


 


               XXX:  PV even lower.  We can get 


 


 even lower. 


 


               XXX:  So somebody whispered to me the 


 


 comment during one of the breaks, you know, we worry a lot 


 


 about efficiency, but if you look at roads, if you look at 


 


 the Internet, the capacity of those systems is much 


 


 greater than their actual use, and we tolerate that all 


 


 the time.  In fact, we desire it.  So why should 


 


 generation be any different? 


 


               XXX:  Excuse me.  I'd like to 


 


 add that the problem is that you've got these huge 


 


 external costs that we're totally ignoring.  And then 


 


 frankly all of the -- I think there are the unspoken -- I 


 


 think the thing that's unspoken in this room is that 


 


 there's a new urgency with carbon, with climate change, 


 


 with pollution, with ocean acidification, with reaching 


 


 climate tipping points that's driving all this.  So that 


  







                  


 


 


 


 when you say that, you know, the system is -- you know, 


 


 that coal is more efficient than solar, is that really 


 


 true?  Because if that solar plant has to run three times 


 


 longer, well, it doesn't have any -- you don't have to 


 


 haul away the coal ash, you don't have a wall of coal ash 


 


 that's going to come down.  We have all these 


 


 externalities we've effectively ignored for    years that 


 


 are so big now they can no longer just be swept under the 


 


 rug.  And so that is really a driving, driving force. 


 


               You know, here in sunny Arizona -- New 


 


 Jersey put up three times more solar than we did last 


 


 year.  Germany put up -- has half the world's installed PV 


 


 with a capacity factor that's far, far lower.  Now, those 


 


 people aren't going bankrupt in Germany.  In fact, their 


 


 economy is growing. 


 


               XXX:  Actually, Spain is. 


 


               XXX:  And the point, there are a 


 


 few economies in the world that is growing.  And Spain's 


 


 was not designed very well.  But there are external costs 


 


 that we are in fact pretty much totally ignoring. 


 


               XXX:  (Inaudible). 


 


               XXX:  Louder, please. 


 


               XXX:  I'm saying that it isn't so 


 


 much renewable that's necessarily pushing the dirty 


 


 technology out.  They're pushing the -- most of the 


  







                  


 


 


 


 marginal units are gas, natural gas burning units.  So 


 


 what we are pushing now is clean technology and leaving 


 


 the dirty one.  So it's not that straightforward. 


 


               XXX:  I don't know if I agree 


 


 with that.  I mean, they're shutting down 900 megawatts of 


 


 coal in Colorado and they're refiring it as gas.  I mean, 


 


 I think this whole system is, you know, pushing and 


 


 pulling on different things. 


 


               XXX:  I mean, we could price carbon, 


 


 and, you know, we should.  All right.  So I'll give you 


 


 $40 a ton, $50 a ton.  I think the efficiency discussion 


 


 still remains more or less independent of that.  Whether 


 


 the efficiency goes up or down, it's not obvious to me. 


 


 Yes, you are bringing in renewables which have nominally 


 


 lower efficiency, but you might start more efficient 


 


 fossil plants to respond to the carbon price. 


 


               XXX:  Well, there's also 


 


 introducing a new norm of considering energy efficiency as 


 


 a generation source and discussing it that way and 


 


 communicating in terms of total life cycle cost and even 


 


 including some of those traditional externalities that 


 


 would be a reframing to address these. 


 


               XXX:  So how firmly -- I mean, you 


 


 raise an interesting point.  We ran an efficiency workshop 


 


 last week in Pittsburgh, as you heard.  How firmly 


  







                  


 


 


 


 embedded in this community's thinking or in the utility's 


 


 is the notion that efficiency is megawatts more generally, 


 


 right, but efficiency is the source of generation?  I 


 


 don't think we heard too much of that sort of thing today. 


 


               XXX:  Firmly embedded in the 


 


 Pacific Northwest.  Firmly embedded. 


 


               XXX:  Is that hardly or firmly? 


 


               XXX:  The largest reserve we 


 


 have is efficiency. 


 


               XXX:  The largest efficiency, right. 


 


               Anybody else? 


 


               XXX:  Just a comment about 


 


 valuing externalities.  And I do agree with that, but 


 


 let's not also forget that there have been production 


 


 credits and things to encourage sustainable global 


 


 resources.  So these are policy questions that haven't 


 


 been lost on federal government to try to encourage these 


 


 technologies so that they have an even footing with other 


 


 technologies.  So it's not -- I don't think it's totally 


 


 lopsided, these issues that did sort of crop up. 


 


               XXX:  Unless we don't have a price on 


 


 carbon.  Our specs are not great. 


 


               XXX:  I don't really want to 


 


 engage in the efficiency argument, but I kind of have to a 


 


 little bit. 


  







                  


 


 


 


               If you want to -- you can really look at 


 


 efficiency several different ways.  If you want to look at 


 


 wells and wheels, wells can service efficiency.  You have 


 


 to take the system boundary, start behind the resource, go 


 


 out to the point at which the customer makes use of the 


 


 energy.  And we could go back to gas lighting and use 


 


 direct fuel and have, you know, half percent.  The 


 


 electric lighting efficient -- the efficiency of the use 


 


 of lighting has improved throughout this time period, even 


 


 while the power plants have remained relatively constant 


 


 in terms of their ability for thermal energy, because the 


 


 end-user's devices are improving. 


 


               XXX:  That's the end-user's devices, 


 


 is that -- 


 


               XXX:  Right. 


 


               XXX:  Because the end-user devices -- 


 


               XXX:  Are more efficient -- 


 


               XXX:  Are more efficient. 


 


               XXX:  -- in their usefulness. 


 


               If you take a look at the total system of 


 


 efficiency on the economy, the use of increased Market 


 


 share in electricity has tended to drive down the energy 


 


 intense (inaudible).  And it's difficult to create a 


 


 theoretical reason for that, but it's because electricity 


 


 (inaudible) innovation in the use of that energy.  But we 


  







                  


 


 


 


 could have that argument separately. 


 


               XXX:  Has the total amount of 


 


 electricity used for lighting gone up or gone down? 


 


               XXX:  As a function of Market 


 


 share, it's slowly climbed over the years.  A little over 


 


    percent. 


 


               XXX:  Since the Market is going up, 


 


 so the absolute amount of electricity -- 


 


               XXX:  If you look at the data on 


 


 energy intensity GDP, that's continued to improve. 


 


               XXX:  That I know.  Basically our 


 


 energy use has been constant over the last 20 or 30 years 


 


 per capita, even as the GDP is -- 


 


               XXX:  Right.  So the energy 


 


 intensity per unit of domestic -- gross domestic product 


 


 has improved, and that's because of innovation in the 


 


 final user point. 


 


               Even though coal plants are no more 


 


 efficient today than it was in 1960, the electricity 


 


 system, including the user's device, has improved.  Heat 


 


 pump technology, marginal best available power plant gas 


 


 fired onsite, 60 percent efficient.  And COP of 3 heat 


 


 pump technology, you beat a gas furnace. 


 


               XXX:  So just one word on efficiency 


 


 and data.  I think, unless I'm mixing my meetings up -- 


  







                  


 


 


 


 and they all start to run together -- somebody mentioned 


 


 the spaghetti diagram, the Sankey diagram, this morning, 


 


 and the efficiency numbers in it.  Actually, if you look 


 


 at the three end-use sectors, not power but residential, 


 


 commercial, and industrial, and look at the efficiencies 


 


 assigned to each one of them, they are identically 0.8 for 


 


 all three of them.  And basically that reflects somebody's 


 


 guess rather than any data.  And again harkening back to a 


 


 comment I made this morning, we just really don't 


 


 understand.  We don't have enough data how people actually 


 


 use energy. 


 


               XXX:  I was the one that 


 


 mentioned that, and you're exactly right, spot on.  It has 


 


 been constantly 80 percent for those three sectors for a 


 


 long period of time.  Just take lighting as one example. 


 


 Incandescent lighting now may be 8 percent efficient, 


 


 fluorescent not much better.  If you take furnaces, the 


 


 stock of furnaces in the homes may be 65, 70 percent on 


 


 average.  So the 80 percent is already off.  By the time 


 


 we start working our way through all of those, we'll find 


 


 substantially smaller levels of efficiency, suggesting 


 


 it's constraining other resources in the economy.  So 


 


 we're not as productive. 


 


               If you look at the period 1950 to 1980, our 


 


 economy grew at a productive rate of about 2 and a quarter 


  







                  


 


 


 


 percent.  1980 to 2010, our productivity economy wise has 


 


 fallen about a half a percent, about 1.75 percent.  The 


 


 economy is not nearly as robust in the last 30 years, and 


 


 a lot of it can be traced back to not the efficiency as 


 


 you measure energy intensity but the ability to uptake 


 


 used energy, the energies actually at work to transform 


 


 matter into goods and services that we value, and that 


 


 begins to hold a different picture. 


 


               That's why I go back to the grid as an 


 


 enabler.  Unless the grid together with the management, 


 


 the economics, social principles that guide our choices, 


 


 unless that opens up widely we're going to be 


 


 substantially constrained in those larger benefits we seek 


 


 in economic well-being and national security and the like. 


 


               XXX:  That's perhaps the right kind 


 


 of comment to close on. 


 


               Well, great discussion.  Again, every one of 


 


 these -- this is now No. 4 -- has been different. 


 


 Interesting.  I think there has been great input as we 


 


 prepare the QTR document and the technology assessments. 


 


               Exactly how we will continue to engage you 


 


 all going forward I really don't have an answer to yet. 


 


 As XXX already alluded to, we're making this up as we go 


 


 along.  And we know how to reach you.  Our contact 


 


 information is up there.  And we will certainly be in 


  







                  


 


 


 


 touch before this exercise concludes in the fall. 


 


               So thanks again for your help and 


 


 participation, and travel well.  Thank you. 
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               XXX:  Okay.  Why don't we call 
 
 ourselves to order.  Probably useful again for our 
 
 recording lady to just go around the table and names and 
 
 institutional affiliations would be good. 
 
               XXX, you want to start? 
 
               XXX:  Sure.  XXX.  I'm a 
 
 professor of law at the Sandra Day O'Connor College of Law 
 
 at Arizona State University.  And prior to that I was an 
 
 Arizona Corporation Commissioner, which is Arizona's 
 
 public utilities commission. 
 
               XXX:  XXX, Office of Electricity, 
 
 and I do storage. 
 
               XXX:  XXX.  I'm 
 
 XXX's staff director. 
 
               XXX:  XXX.  ISO New England.  I head R&D (inaudible). 
 
               XXX:  XXX.  I'm on XXX's staff. 
 
               XXX:  XXX.  I'm on XXX's staff. 
 
               XXX:  XXX, also on XXX's staff. 
 
               XXX:  XXX. 
 
               XXX:  XXX.  Salt River Project.  I manage our transmission 
and generation operations. 
 
               XXX:  XXX, with EPRI.  I manage our power delivery and 
utilization resource. 
 
               XXX:  XXX.  I'm director of the Energy Institute at the 
University of Southern California. 
 
               XXX:  I'm XXX, with the Office 
 
 of Electricity in DOE. 







 
               XXX:  XXX, Bonneville Power 
 
 Administration.  And I head up the research and 
 
 development there. 
 
               XXX:  XXX, a fellow in the 
 
 Office of Electricity. 
 
               XXX:  XXX, 
 
 Department of Energy. 
 
               XXX:  Okay.  So I think the goal this 
 
 morning is to have a deeper look, second thoughts, delayed 
 
 reactions to what we all heard yesterday.  In previous 
 
 workshops, it's proven as useful as the workshop itself. 
 
 People have had a chance to think, they can speak a bit 
 
 more freely, we can have a good conversation. 
 
               We have a number of questions that we can 
 
 use to prime the discussion, but probably the best way to 
 
 start is to just open the floor for any great thoughts 
 
 people have had overnight.  I will also, while we're 
  







                  
 
 
 
 talking, just circulate around for your interest two pages 
 
 of pie charts that show according to the six strategies 
 
 that we're talking about in the QTR how much money in both 
 
 FY    budget proposal and in the stimulus money has been 
 
 spent in the various boxes.  And it is kind of 
 
 interesting. 
 
               It does not, of course, include any R&D 
 
 money that might be spent in the private sector or spent 
 
 internationally, but it nevertheless gives one a sense of 
 
 where the Department is investing its resources.  So I'll 
 
 send that around. 
 
               XXX:  It doesn't include any R&D tax 
 
 credits or anything like that.  Just R&D DOE expenditure. 
 
               XXX:  And the scale of the recovery 
 
 act is four times larger than the scale. 
 
               XXX:  Can I ask a framing question? 
 
 One is did yesterday meet your expectations?  And along 
 
 with that is there an expectation that we're going to find 
 
 or need to find a killer app for this area or for any area 
 
 under the QTR? 
 
               XXX:  A killer app in the sense 
 
 that -- 
 
               XXX:  A SunShot equivalent. 
 
               XXX:  Well, can you find a killer app 
 
 equivalent to it?  It's not obvious. 
  







                  
 
 
 
               XXX:  It's not obvious. 
 
               XXX:  Well, okay.  Let's talk about 
 
 that a minute.  The grid is largely invisible.  It wasn't 
 
 until I got into the business I even started noticing 
 
 substations.  What would it be? 
 
               XXX:  Well, so it's not invisible 
 
 when your lights went out.  Boy, I was amazed at the 
 
 number of stories around. 
 
               XXX:  It was invisible when his light 
 
 was out, actually. 
 
               XXX:  See, it was not visible. 
 
               XXX:  You know, that in the simplest, 
 
 most basic terms, people's lights do go out a lot, despite 
 
 our statistics that we take some comfort from.  And in 
 
 most parts of the country, not quite all, how the utility 
 
 knows that the lights went out is the customer called them 
 
 and said my lights are out. 
 
               XXX:  If you can get through to a 
 
 human, yes. 
 
               XXX:  You know, there was one -- if 
 
 there was a moon shot that would -- SunShot that would, 
 
 you know, make a difference to a consumer, probably not 
 
 without undergrounding everything make -- keep the lights 
 
 from ever going out, but fast restoration and I don't have 
 
 to call the utility to tell them.  It's fundamental. 
  







                  
 
 
 
               XXX:  So I'll give you one.  We, the 
 
 government, and whether it's the state, local, fed, will 
 
 guarantee that your lights will never go out for more than 
 
 five minutes ever.  And if they do, we owe you 
 
 restitution, something like that.  Right?  Really quantify 
 
 a level of reliability and then guarantee it.  Would 
 
 people get excited about that?  How much would it cost? 
 
               XXX:  No.  And I didn't think that's 
 
 what we were here for.  I mean, I thought we were talking 
 
 about, you know, all of the money that you're spending to 
 
 create a clean energy economy.  And that's all well and 
 
 good, but that's what the utilities have to do under their 
 
 requirements by state public utilities commissions anyway. 
 
 And that's what they -- I would assume Rob would say 
 
 they're doing that right now. 
 
               And let me just -- so I would say what's 
 
 the -- what the killer app is -- it's an interesting 
 
 formulation.  I like that.  I would go after the -- I 
 
 think the biggest barriers and maybe my biases that I 
 
 think the biggest barrier to a dramatic expansion of clean 
 
 energy is transmission. 
 
               And if we can't get new transmission built, 
 
 then making it more efficient or making it -- or rehabbing 
 
 it in a way that allows us to get more renewables on those 
 
 lines and to load.  That's the biggest problem, that's the 
  







                  
 
 
 
 No. 1 issue that western regulators are facing, and 
 
 probably eastern regulators. 
 
               And then, two, I would say, you know, what 
 
 is going -- if we -- you know, if we think about what our 
 
 utilities are going to look like or what -- if we think 
 
 about what a utility would look like if it was Apple 
 
 running the utility, what would it be, it would be clean, 
 
 efficient, seamless, responsive to consumers.  And I think 
 
 that's where we want the utility of the future to get to. 
 
 So then you ask yourself the question from a grid 
 
 standpoint, a smart grid standpoint, how do we get there 
 
 and what's the killer app for that. 
 
               XXX:  And it's -- the complexity makes 
 
 it hard to think on transmission on one side and moving 
 
 green electrons and the distribution system in the same 
 
 breath, kind of.  So it's hard to find a single solution 
 
 set that might -- that we could frame that under. 
 
               XXX:  But one solution set, one place 
 
 to start is how do we allow consumers and utilities to 
 
 start having the transformational conversation about 
 
 energy that we're going to have to have.  And I think 
 
 that's the -- I'm not smart enough to know the answer to 
 
 this question completely, but part of the -- we start with 
 
 smart meters that allow consumers to get information about 
 
 their energy use, that allow a much more seamless 
  







                  
 
 
 
 relationship between the utility and the consumer and 
 
 allows the consumer to become much more in control of 
 
 energy provisioning.  Now, utilities aren't going to like 
 
 that very much, but that's where I personally feel we're 
 
 going. 
 
               XXX:  My feeling is most consumers 
 
 don't want to have that.  That's just -- 
 
               XXX:  Too much information again. 
 
               XXX:  The utilities don't have 
 
 any problem with that. 
 
               XXX:  What about when it gets put on 
 
 their iPod or iPad? 
 
               XXX:  Again, I'll say this as a data 
 
 savvy guy and I love data, just one more data stream I've 
 
 got to deal with.  And I'm not sure I want to be that 
 
 involved. 
 
               XXX:  The majority wouldn't go for 
 
 it. 
 
               XXX:  It's interesting.  When you 
 
 started with the demonstration with the Department of 
 
 Water & Power in Los Angeles -- and Los Angeles is a 
 
 special case except that it does vary some, super diverse 
 
 community.  But the one recurrent theme is I have power, I 
 
 have lights, I can afford the bill.  What are you doing to 
 
 me?  I mean, what are you doing to me? 
  







                  
 
 
 
               Electricity is the one thing when -- in the 
 
 face of the world, with 100 emails a day and everything 
 
 else, it's the one thing I didn't have to put any effort 
 
 into. 
 
               XXX:  What happens, though, when we 
 
 reach grid parity for solar and tens of thousands and 
 
 hundreds of thousands of people are putting solar on their 
 
 roof tops and become much more engaged with their energy 
 
 provisioning and care about it? 
 
               XXX:  For the high-end consumers that 
 
 can afford that -- 
 
               XXX:  No.  When solar reaches grid 
 
 parity it's not going to matter. 
 
               XXX:  In many places in the country 
 
 it is right now competitive with retail. 
 
               XXX:  It's absolutely taking off.  I 
 
 mean, it's absolutely taking off in Arizona. 
 
               XXX:  But Arizona may be a special case 
 
 for solar. 
 
               XXX:  No, not really. 
 
               XXX:  I think they actually don't feel 
 
 that they -- 
 
               XXX:  California is, with their rates. 
 
               XXX:  They want to know they got a 
 
 savings in the net meter if they get a deal.  But they 
  







                  
 
 
 
 don't want to pay attention beyond that.  Bragging rights 
 
 for a month or two, but that's it. 
 
               XXX:  I think it's an interesting 
 
 question how you change the interface. 
 
               The other space that we are not talking 
 
 about here when we talk about necessity is the other part 
 
 of the economy, the income-generating part of the economy, 
 
 industries, commercial, all of them.  And some of those 
 
 are already starting to say -- well, the technology may 
 
 allow them to take it into their own hands and just I'm 
 
 not going to worry about the utility.  I don't want to 
 
 worry about whatever battle they have with the 
 
 residential, and to the extent I can I'm just going to 
 
 manage my own energy.  So I think it's not -- this is why 
 
 I think it's hard to have some kind of integrated, uniform 
 
 policy, because it just doesn't look the same.  And it 
 
 doesn't look the same, for example, for the auto plants in 
 
 South Carolina as it does in Arizona, either, where they 
 
 want nickel an hour -- they went nickel a kilowatt hour 
 
 coal car plants. 
 
               XXX:  And they're getting that. 
 
               XXX:  And they'll get it because that's 
 
 what keeps people building auto plants. 
 
               XXX:  So we have just opened up a 
 
 second theme, which is the regional differences.  But I 
  







                  
 
 
 
 would like to stick on this consumer thing for a minute. 
 
               XXX:  So going back to the 
 
 original framed question, is there a killer app out there, 
 
 I think the discussion almost always tends to lean towards 
 
 there's probably not a silver bullet out there.  It's 
 
 going to be a whole spectrum of things to be managed and 
 
 then managing expectations along with the technology along 
 
 with the rollout. 
 
               I do tend to agree that it's going to have 
 
 to be targeted.  Because some of the consumers will want 
 
 more and some are not going to want more, and I think we 
 
 have to address both of those options.  I mean, if we have 
 
 a lot of our population, and I don't know what the 
 
 percentage is, who tend to be less tech savvy, we can't 
 
 force them into it.  We found that out with the Internet. 
 
 We still do a lot of manual billing because not everyone 
 
 wants to do electronic billing. 
 
               XXX:  I agree with you.  But in a 
 
 practical sense it's really hard to package a federal 
 
 program like that. 
 
               XXX:  I know.  But I think it's 
 
 going to be just like when we talk about carbon reduction 
 
 that there's no one way to achieve carbon reduction.  It's 
 
 going to have to be a whole -- 
 
               XXX:  And no resolution. 
  







                  
 
 
 
               XXX:  No universal.  It's going 
 
 to be a whole spectrum of things.  I think the same thing 
 
 here is on the grid.  If we want to transform this grid, 
 
 it's going to be a whole lot of issues to deal with. 
 
               XXX:  So what if we try not to bite 
 
 the whole thing at once and say can we take a significant 
 
 chunk out of this thing without even -- 
 
               XXX:  What's the most important 
 
 thing?  Is it transmission? 
 
               XXX:  Is it -- maybe it's energy 
 
 storage or maybe it's -- maybe we go after this routable 
 
 power idea.  Maybe we say we will do a 300X increase using 
 
 available lines in the power link and transfer because we 
 
 will route that power.  Now let's talk about all the 
 
 technologies under that we need to make that happen.  But 
 
 now you are going to get your access to your renewables, 
 
 you will get your access to your T&D side.  But let's say 
 
 that existing system, we will boost it like crazy and 
 
 figure out how to use it. 
 
               XXX:  What do you think 
 
 transmission would do to consumers?  Why do you think you 
 
 need to build a lot of transmission? 
 
               XXX:  Because it's really cheap 
 
 relative to everything else. 
 
               XXX:  So what you're saying is 
  







                  
 
 
 
 you're going to deliver cheap energy to consumers?  What 
 
 is the benefit? 
 
               XXX:  Are we after cheap energy, or 
 
 are we after affordable energy that's clean and preserves 
 
 our world? 
 
               XXX:  So we build tons of 
 
 transmission in Connecticut that now their bill is 
 
 flipped.  It's for the first time I have ever seen the 
 
 energy part of the bill is lower than transmission.  Now 
 
 we produce and process that so we're actually as business 
 
 should be, to buy cheaper electricity. 
 
               Why would we always try to bring cheaper 
 
 electricity to the consumers?  Because you want actually 
 
 the system to be able to show where the best place to be. 
 
 And you've seen businesses moving around, moving to the 
 
 places where the price is lower.  Building transmission is 
 
 not necessarily the best alternative always.  And if we 
 
 have certain backbone, you have now a lot of opportunities 
 
 for people building -- 
 
               XXX:  So we could build wrong.  If we 
 
 built out too strong, we could build it wrong. 
 
 (Inaudible) will move if you build it? 
 
               XXX:  I would just argue -- 
 
               XXX:  I'm not talking residential 
 
 customers.  I'm really talking about major -- 
  







                  
 
 
 
               XXX:  I'm not talking about gratuitous 
 
 transmission.  I'm just talking about transmission that 
 
 would be designed to get renewables to the places that 
 
 need it.  And if California has the 33 percent RPS or if 
 
 we ever had a carbon policy in this country or if every 
 
 state in the west had a slightly higher RPS than they 
 
 had -- and that doesn't even matter; the California RPS is 
 
 driving this -- then we would build a little more 
 
 transmission.  We're not getting that done.  Or we would 
 
 make our transmission system more efficient such that we 
 
 could get more renewables, more ATC into those lines. 
 
               And I will tell you there's -- we've 
 
 certificated four projects in Arizona that -- I think I 
 
 said this yesterday -- are stranded.  They're ready to go, 
 
 the developers need to get that energy to California.  I 
 
 can't tell you how many others.  Rob's done a chart that 
 
 shows all the interconnection requests in Arizona that's 
 
 stranded.  It's a massive amount of renewables that's 
 
 stranded in Arizona that needs to get to load in 
 
 California.  Because guess what.  They can't build 
 
 anything in California.  Sorry.  No offense. 
 
               XXX:  I'm not in California. 
 
               XXX:  You're not?  Okay. 
 
               But they're having trouble getting stuff 
 
 built. 
  







                  
 
 
 
               XXX:  I could argue, just for the sake 
 
 of argument, that if you left -- if you have stranded 
 
 plants you didn't do your total planning well enough. 
 
 Because we saw what happened in Texas.  You know, Austin 
 
 Energy, they built the wind plants and then three years 
 
 later they built the transmission.  So we knew that.  We 
 
 knew those kind of things.  So why wasn't there a holistic 
 
 look at how do we move all of it at the same time so we 
 
 don't build the plants and leave them stranded? 
 
               XXX:  Well, I think the answer would 
 
 be our commission while I was there and before and after 
 
 is one of the most efficient in the country at citing 
 
 generation and went ahead and did it, hoping that our 
 
 utilities would be responsive.  Well, they haven't been. 
 
 They haven't -- we don't have -- we don't have a policy in 
 
 any state that says that we're going to build transmission 
 
 based on our renewable energy policies.  It's based on the 
 
 need of the service territory and the need of energy in 
 
 the state, and it has nothing to do with these larger 
 
 policies. 
 
               XXX:  So you are trying to sell in 
 
 California? 
 
               XXX:  Yeah.  So our laws -- one could 
 
 argue that the laws don't allow us to make decisions based 
 
 on California's needs.  But I -- but one can also argue 
  







                  
 
 
 
 that we can. 
 
               XXX:  Wouldn't California have to 
 
 build something locally because they have their own 
 
 requirements? 
 
               XXX:  Well, they're not going to be 
 
 able to build locally. 
 
               XXX:  Well, there are projects, but 
 
 it's a battle. 
 
               XXX:  California isn't always 
 
 reasonable in their goals. 
 
               XXX:  In the context of this, I 
 
 think there are going to be some regional differences, 
 
 especially between the eastern interconnection and the 
 
 western interconnection.  And at least in the west we've 
 
 had the advantage of understanding some of these issues 
 
 over a long period of time.  The distances are large, we 
 
 know where, one, the renewable resources are, we know 
 
 where the load pockets are.  That's not going to change. 
 
               For example, there's additional expansion 
 
 needed between the northwest and California and the 
 
 northwest and the desert southwest, and it's not moving 
 
 forward.  There also needs to be transmission expansion 
 
 between the Rocky Mountains and the desert southwest, and 
 
 it's all bogged down.  So I think the transmission would 
 
 allow the regional diversification.  It would provide the 
  







                  
 
 
 
 renewable resource opportunity. 
 
               And ultimately I think if you want to take a 
 
 look at routable power, right now I have a hard time 
 
 imagining we could get there unless we also have 
 
 transmission expansion to go with that.  Because you're 
 
 familiar, Bill, we got a lot of (inaudible) transformers 
 
 on the west and to do that exact thing, and we're already 
 
 saturated at that point. 
 
               XXX:  So the transmission story, 
 
 sounds to me as you're talking, that's not technology by 
 
 and large.  This is citing, permitting, politics, 
 
 economics, so forth. 
 
               XXX:  I think as building the 
 
 optimum transmission grid, then it's a combination of 
 
 building some transmission but also dynamic circuit 
 
 rating, advanced conductors, FACTS devices, power 
 
 electronics to get the most out of the existing resources. 
 
 It should be a holistic view to that.  So I think the 
 
 technology question is still there, but even no matter 
 
 what you do with technology there's some building of new 
 
 lines that's probably required for the optimum. 
 
               XXX:  But we are at heart supposedly 
 
 a technology organization.  I'd like to understand what 
 
 the technologies are we need to be working on in order to 
 
 make these things happen. 
  







                  
 
 
 
               XXX:  I would argue so if we don't 
 
 think there are technology improvements on the 
 
 transmission side -- I think there could be, and I 
 
 actually think there actually have been, and Rob's 
 
 probably a much bigger expert in this, the technology 
 
 improvements made in transmission that are not even being 
 
 deployed by the utilities right now. 
 
               But, secondly, XXX, I would say 
 
 storage.  Storage, storage, storage.  I mean, one of the 
 
 things that's going to get us to grid parity and going to 
 
 get us to a scenario in which customers are able to 
 
 provide their own energy is commercialized storage. 
 
               XXX:  So $100 kilowatt hour target, 
 
 let's go get it.  Let's just chase it. 
 
               XXX:  Storage shot. 
 
               XXX:  I would chase storage. 
 
               XXX:  And I agree we are not fully 
 
 utilizing resources.  For example, voltage profile 
 
 optimization on the line would save us some capital 
 
 investment for transmission, but you'd have to have 
 
 certain incentives for commissioning companies to do that, 
 
 and we don't have that. 
 
               We also have jurisdictional barriers.  For 
 
 example, on the transmission side they want to move other 
 
 transformers that are under subsequent transmission 
  







                  
 
 
 
 jurisdiction.  You cannot do that.  They don't want us to, 
 
 for example, move their old transformers.  So you have to 
 
 come up with new ways of coordinating between transmission 
 
 and (inaudible) substation distribution as well.  We don't 
 
 have at the moment very good coordination between the 
 
 energy management systems and (inaudible).  And I foresee 
 
 all DMF coming with -- because not many distribution 
 
 companies today use SKADA.  They all mostly JAS based.  So 
 
 it's really -- they are not aware of the transmission 
 
 (inaudible) and network model.  We have that coordination, 
 
 it will increase the efficiency of existing grid control 
 
 quite a bit. 
 
               And you have to make sure that certain 
 
 incentives exist that people do that, plus with very tight 
 
 NERT standards and trying to squeeze more out of 
 
 transmission, you're risking huge penalties and that 
 
 really creates a lot of reluctance in people implementing 
 
 even if you prove that. 
 
               XXX:  I guess what's the relative 
 
 value -- or I guess in the current, how much policy 
 
 studies, policy analysis do you guys support?  I mean, it 
 
 sounds like the earlier conversation was it was a lot more 
 
 potential in the analytics than there was in a new 
 
 technology. 
 
               XXX:  We don't spend a lot of money, 
  







                  
 
 
 
 but we spend some pretty important money in that space. 
 
 And I think -- Gil's probably better to answer this, but 
 
 the two things that ARRA money had a tremendous stimulus 
 
 effect on is the interconnection planning effort, 
 
 opportunity.  But historically we've worked with states, 
 
 the NASDIA (phonetic), NARUC, NCSL on seeding specific 
 
 studies on demand response in a region, those kind of 
 
 things.  And those have not been high dollar but they've 
 
 been very, very effective at managing the debate in the 
 
 country about those things. 
 
               XXX:  I guess the amount of money 
 
 that you've spent on it, are you saturated? 
 
               XXX:  Not by any means. 
 
               XXX:  Sounds like that's where the 
 
 biggest return on the federal dollar would be, or your 
 
 dollar would be, on change -- discussing the balance 
 
 between policy studies versus technology development. 
 
               XXX:  So we've only done a couple of 
 
 cuts that were deep.  I did it in Hawaii.  We spent a 
 
 couple million dollars a year and we set a    percent 
 
 clean energy goal, and we're on target.  Three and a half 
 
 years in we're on target actually to reach that.  And 
 
 we --    energy bills, open dockets for fit, for 
 
 decoupling the utility, that kind of thing.  And it was 
 
 the order of   or $  million a year that was moving that 
  







                  
 
 
 
 space. 
 
               So if you target that throughout every state 
 
 and region, you know, in a concentrated way and say if you 
 
 deliver one, two, three, here is the money kind of thing, 
 
 you would have a tremendous impact.  My belief. 
 
               XXX:  We are doing some work in 
 
 supporting the states as well under ARRA for the regional 
 
 interconnection planning process.  That came up several 
 
 times yesterday, really trying to say we don't want to 
 
 dictate a solution but we want to facilitate the dialogue 
 
 on a regional level so that you can start understanding 
 
 how your needs could be balanced against some of the 
 
 regional resource desires as well. 
 
               XXX:  Because you have got to bring 
 
 along not a consensus necessarily, but you have to bring 
 
 along the states involved, the region.  And so if you look 
 
 at the eastern 39 states -- and head of New York ISO said 
 
 that's the first time I've sat down with all these states 
 
 ever.  So that's a nice starting point, a nice benchmark, 
 
 but think about how far it has to go in order to make 
 
 that. 
 
               My concern will be -- and, again, XXX knows 
 
 this far better than I do.  My concern will be what 
 
 happens two years out when our money is gone and is there 
 
 enough of a structure in place to continue the movement. 
  







                  
 
 
 
               XXX:  You know, we talked and certainly 
 
 was on the slides, but distributed generation.  If you 
 
 think about the fact that you've got something that's 
 
 driving it, if you are going to have DG you have to have 
 
 storage.  I mean, I think that's one of the -- and 
 
 scaleable storage.  And the other part to DG, but again is 
 
 scaleable, end-use technologies for natural gas.  That's 
 
 the other thing where you've already got the backbone 
 
 infrastructures already developed.  So is DG as a -- in 
 
 other words, if you really -- if DG really moved, it would 
 
 change the pressures a little on the rest of the 
 
 distribution system.  Not solve them, but it would change 
 
 them. 
 
               XXX:  People mean different things by 
 
 DG.  We've been there a long time.  But in your case 
 
 you're talking small gas and solar? 
 
               XXX:  Small gas, solar, and storage. 
 
               XXX:  I have no idea; some of you may 
 
 know.  So I live in a house in Chevy Chase, I'm on the 
 
 grid, and I also have natural gas of course coming into 
 
 the house.  If I disconnected from the grid and put panels 
 
 on my roof, I still need natural gas as a backup. 
 
               XXX:  And storage. 
 
               XXX:  Both.  Can I run my electricity 
 
 on my natural gas line?  Do I have enough capacity in the 
  







                  
 
 
 
 gas to be able to do that? 
 
               XXX:  Yes. 
 
               XXX:  Yes; it's not a problem? 
 
               XXX:  It's a pressure issue. 
 
               XXX:  If you ignore cost. 
 
               (Multiple conversations concurrently.) 
 
               XXX:  If you could have a   kilowatt 
 
 fuel cell and screw it in, it would be the size of your 
 
 washer -- 
 
               XXX:  A diesel unit, the cheapest 
 
 thing. 
 
               XXX:  I don't want to have to deal 
 
 with diesel fuel, too.  I'd rather run it on the -- 
 
               XXX:  No.  But the thing about that one 
 
 is the storage is in the grid. 
 
               (Multiple conversations concurrently.) 
 
               XXX:  Guys, the court reporter -- 
 
               XXX:  Sorry. 
 
               XXX:  I can only get one 
 
 of you at a time; I'll just throw that out there. 
 
               XXX:  It's only natural with question 
 
 and answer. 
 
               XXX:  But the DG question, I mean, 
 
 part of the value of that is not about just electricity 
 
 production.  But several times yesterday we heard about 
  







                  
 
 
 
 32 percent for the efficiency of the system.  And the way 
 
 to change that is to really start thinking about how -- if 
 
 you bring the production onsite, micro grids, et cetera, 
 
 how can you capture some of those other efficiency losses 
 
 in terms of heat and others.  So I would say the argument 
 
 extends beyond just electricity production into the value 
 
 that you can obtain further from those resources. 
 
               XXX:  I guess what I would say is if 
 
 you could produce a viable -- from an economic point of 
 
 view really get the cost down, just like you're trying to 
 
 do with SunShot, if you get the cost down at a range, 
 
 you've created a whole new set of options for people.  The 
 
 system will diversify the way that it adapts itself. 
 
 You're seeing it on the commercial end already.  I'm 
 
 saying if you scale that down to where individuals or 
 
 communities or developments are interested to do that -- 
 
               XXX:  We put money into that.  The 
 
 six-pack the UTC has, we helped develop that.  The ATS 
 
 small gas turbine stuff, we did that, too. 
 
               You know, market timing is everything.  So 
 
 we've pushed the natural gas technologies to a higher 
 
 efficiency, CHP-based systems kind of thing.  I would 
 
 argue that there's a lot in the market right now based on 
 
 that and was just waiting for gas prices to come back 
 
 down. 
  







                  
 
 
 
               The question that comes back to me is how 
 
 many people do it, what does this natural gas bubble look 
 
 like, are we after another silver bullet yet again.  And 
 
 the utilities were badly burned in the '90s with the 
 
 natural gas push that they did, forming companies like 
 
 Moran.  Stranded assets sold 10 cents on the dollar five 
 
 years later.  So the lesson learned is how far do you push 
 
 that.  Without a portfolio approach, you're in danger of 
 
 anything.  And if the U.S. natural gas resources go to the 
 
 international market, that price is not going to stay 
 
 where it is. 
 
               XXX:  If you don't mind, I would 
 
 like to comment on this issue of the efficiency of the 
 
 system, because it has been brought up a number of times. 
 
               EPRI put a lot of work in on this issue. 
 
 And the most efficient part of energy is the delivery 
 
 portion.  And, you know, if you really want to improve the 
 
 overall energy use, resources and loads is where the area 
 
 is. 
 
               I do think, though, that utilities have a 
 
 role to play in this and this is as they continue to build 
 
 out the system and replace equipment, you want to go to 
 
 low-loss development and low-loss conductors, low-loss 
 
 transformers, et cetera.  But I don't think that's where 
 
 the killer app is going to be in that part of it. 
  







                  
 
 
 
               If I could frame -- 
 
               XXX:  Could I just ask is that 
 
 separation of generation, transmission, load still valid 
 
 in the paradigm in which you have got both power and 
 
 information flowing in both directions?  Seems to me some 
 
 of the thrust of the conversation yesterday and this 
 
 morning is the blurring of those things.  I mean, that's 
 
 what smart grid is about. 
 
               XXX:  From a loss point of view, 
 
 though, the losses on the -- 
 
               XXX:  The physical losses -- 
 
               XXX:  -- (inaudible) don't 
 
 matter in that equation because they're so low in the big 
 
 picture.  But what matters is making the end-use loads 
 
 more efficient, making generation more efficient 
 
 regardless of where it is, because the transport is 
 
 already pretty efficient.  We make -- we can make 
 
 incremental changes in that with conductors and 
 
 compensation and things like that, but it's small in the 
 
 big picture. 
 
               But I do think that -- going back to the 
 
 killer apps and we talked about transmission, I think that 
 
 the prescription for the active distribution system is 
 
 still a big challenge that we have in front of us.  The 
 
 distribution system that can integrate as much solar as 
  







                  
 
 
 
 you want to put out there and that can manage the voltage 
 
 so that -- you know, PNNL's report came out and agreed 
 
 with EPRI's results that we can save   percent of the 
 
 energy use in the country just by managing the voltage on 
 
 the distribution system.  And one of the most dollars per 
 
 kilowatt hour saved, probably the best thing that we can 
 
 do across the whole country is just do voltage regulation 
 
 better.  And -- but we want to do it so that when we make 
 
 that investment it's not going to also defeat our ability 
 
 to integrate PV and to charge electric vehicles. 
 
               So it's a big picture.  It's the active 
 
 distribution system.  Voltage regulation is -- that 
 
 conservation voltage reduction function is happening in a 
 
 bunch of the ARRA projects.  And we're learning about load 
 
 response to the voltage, but we're also figuring out what 
 
 the limits are about how much PV we can put on the system 
 
 unless we do smart inverters, you know, and another great 
 
 project for storage and PV. 
 
               But if we kind of put it all in this active 
 
 distribution system target and work on GridLAB-D for 
 
 simulation, make it a model-based system, active control, 
 
 integration of distributed resources, don't sell it to 
 
 consumers as you're going to get all these benefits.  It's 
 
 just you're going to be able to do stuff that you might 
 
 not be able to do otherwise, but it's something that we 
  







                  
 
 
 
 have to do to make it all work. 
 
               XXX:  I agree, and it's part of the 
 
 whole system approach.  Our problem I think is that we 
 
 can't sell that.  It's too complicated to sell on the Hill 
 
 or to OMB or people that want a simple dollar-a-watt 
 
 equivalent kind of thing.  So without the simple story, we 
 
 don't get any mileage for a systems approach. 
 
               XXX:  Maybe the simple story is 
 
 CVR and we just bury everything in there.  Because that 
 
   percent savings, you can bury everything in that 
 
   percent savings.  Just make sure you do it all. 
 
               XXX:  But the people you are talking 
 
 about have no idea what CVR is. 
 
               XXX:  Do they want to save 
 
   percent energy for the least amount of dollars that you 
 
 can possibly spend?  That's a pretty simple message. 
 
               XXX:  It's a good thing, but it will 
 
 not resonate.  I mean, that's not going -- you're not 
 
 going to be able to tell the story with that. 
 
               XXX:  And consumers don't have 
 
 to do anything. 
 
               XXX:  I know it's great, and I say we 
 
 should do it. 
 
               XXX:  But it doesn't get us past the 
 
 hurdles. 
  







                  
 
 
 
               XXX:  And we have to say trust us. 
 
               XXX:  And we haven't figured it out. 
 
               XXX:  It's a lot of hurdles for 
 
 regulators, a lot of hurdles on the Hill and -- 
 
               XXX:  If I could just -- going back to 
 
 the pie charts, I was just noticing, when you look at what 
 
 DOE is proposing to spend, an enormous amount of money on 
 
 stationary efficiency.  A lot of that is targeted at 
 
 consumers, right?  An enormous amount, much more than 
 
 before on solar.  That will be -- a lot of that will be 
 
 probably on DG technology, also consumer focused. 
 
               So I guess maybe on the grid side then maybe 
 
 what you should be asking yourself is how much money 
 
 should we be spending on grid applications that are 
 
 consumer focused, that are designed to help us take all 
 
 the advances we're going to make on the efficiency side 
 
 and the renewables side that are consumer focused and do 
 
 that also on the grid.  And I think some of that could be 
 
 storage, but also smart meters that allow, like I said, 
 
 the sort of conversation to start happening, this 
 
 transformative conversation to start happening between -- 
 
 I know there's some skeptics in the room between -- that 
 
 say that the consumers don't want that conversation. 
 
 Maybe even you, XXX.  But I personally believe they 
 
 are, and I believe it's going to happen sooner than we 
  







                  
 
 
 
 think. 
 
               XXX:  DOE doesn't have to do 
 
 anything.  Advance meters will be on every house.  It will 
 
 just happen. 
 
               XXX:  Okay.  But utilities aren't 
 
 terribly interested in having that information flow back 
 
 and forth.  I can tell you that.  Huge, huge -- 
 
               XXX:  Utilities want to make 
 
 sure they're not liable.  They want to make sure they 
 
 protect the information.  But they don't have any problem 
 
 giving customers the information about the energy. 
 
               XXX:  But do you acknowledge there are 
 
 going to be huge fights coming on this issue over who owns 
 
 the data and whether the customers can have access from 
 
 the -- I mean, one of the -- 
 
               XXX:  I don't think that's a 
 
 fight. 
 
               XXX:  Let me tell you one of the 
 
 things that frustrated the hell out of me as a regulator 
 
 was the fact that our utilities are deploying all the 
 
 smart metering technology and we will charge the consumers 
 
 through rates, but they have no access whatsoever to that 
 
 data.  And I can guarantee you that regulators in the 
 
 future are not going to accept that answer. 
 
               XXX:  Can we take a step back.  If we 
  







                  
 
 
 
 had a distribution focus, say in the distribution, so 
 
 there's 6 percent losses, six quads in the distribution -- 
 
               XXX:  No.  No.  It's 6 percent of the 
 
 electricity, not 6 percent of the -- 
 
               XXX:  Okay.  Four quads is being 
 
 doubled. 
 
               XXX:  Loss between the resource. 
 
               XXX:  No.  It's less than a quad.  We 
 
 have 14 quads of electricity a year in the country, and 
 
 6 percent of that is whatever, .8.  That's my 
 
 understanding. 
 
               XXX:  Say that again. 
 
               XXX:  6 percent of the electricity, 
 
 not 6 percent of the primary energy. 
 
               XXX:  Right.  Electricity, I 
 
 mean, our system -- 
 
               XXX:  We are damn efficient. 
 
               XXX:  If you weren't losing that 
 
 electricity, you wouldn't have to generate it in the first 
 
 place.  So you go back on the losses, also. 
 
               XXX:  That 6 percent is an 
 
 important number, but it's very difficult to increase the 
 
 load 6 percent.  It could help if you do distributed 
 
 generation -- 
 
               XXX:  Whatever the number is, it may 
  







                  
 
 
 
 be bigger than a quad.  Except if it's a quad, a quad is 
 
 worth chasing, right?  But target on the distribution, all 
 
 the other things that it gives you and gives you quad 
 
 savings, how can you get smart distribution systems kind 
 
 of thing and what are the technologies needed to do that. 
 
 That would be one way to go after what you're after. 
 
               XXX:  And a distribution system is 
 
 close enough to the consumer that it can be tangible. 
 
               XXX:  They can see the result. 
 
               XXX:  And also reliability kind 
 
 of falls out as a benefit when you spend the money on that 
 
 infrastructure anyway.  So whether you make a promise 
 
 about it or not, reliability kind of comes as a bonus once 
 
 you have -- once you have justified generation and 
 
 storage, then things like micro grids for reliability 
 
 improvement get -- they're more reasonable to put in the 
 
 same sentence.  They're not really -- they don't really 
 
 belong in the same sentence until we figure out a way to 
 
 justify the generation some other way.  But all of that 
 
 kind of flows once you get the ball rolling down that 
 
 direction. 
 
               XXX:  And as we electrify transport, 
 
 the weakest link initially is the distribution part? 
 
               XXX:  By far. 
 
               XXX:  Yes. 
  







                  
 
 
 
               XXX:  If I could go back to your 
 
 original quest, which is what's the technology 
 
 perspective, I think we need things to address regulating 
 
 reserves.  Right now the approach that most utilities are 
 
 taking is as you have more variable energy resources 
 
 you're using gas to do the regulation.  Some of us have 
 
 access to hydro.  But as you lose that -- I know if we 
 
 were to lose our hydro we would be using gas to regulate. 
 
 So what are the types of technologies that will help 
 
 reduce the use of gas for regulating?  Storage would be a 
 
 component and an approach that would help.  There could be 
 
 other types of things out there, too. 
 
               Dealing with continued reserves is going to 
 
 be another big issue as we deal with variable energy 
 
 resources.  The technology on the PV and wind is 
 
 improving, but it doesn't allow us to adequately respond 
 
 to the loss of a large stationary generator and rely on 
 
 any of those variable energy resources.  So technology 
 
 related towards how we can improve our contingency 
 
 responses for contingency reserves would be very helpful. 
 
               The whole issue of capacity is going to be 
 
 another issue.  If we rely on distributed generation, if 
 
 we rely on large amounts of variable energy resources, we 
 
 need to have technology to figure out what happens when we 
 
 have a bad combination of lack of those resources. 
  







                  
 
 
 
               And then lastly -- Mark, this is one you 
 
 touched on, which is the voltage or reactive power.  I 
 
 want to specifically focus on the reactive portion of it. 
 
 Because the PV won't allow us to run the pumps.  And so if 
 
 people in the desert southwest want to move water and if 
 
 they want to have air-conditioning, PV is not going to get 
 
 it done.  And so devices which support the reactor power 
 
 without having to use large stationary generators will be 
 
 the area which we really have to overcome. 
 
               XXX:  Storage and power electronics. 
 
               XXX:  Those types of devices will 
 
 make a difference, because otherwise we rely on running 
 
 the large coal-fired units or the large gas-fired units. 
 
               XXX:  So once again you're talking 
 
 about distribution flexibility of how the system -- 
 
               XXX:  Yeah. 
 
               XXX:  That's No. 1 electrical 
 
 challenge we are facing.  We are going that route that 
 
 many of us included, regardless -- somewhat regardless of 
 
 the economics of it.  If you decided you want to 
 
 decarbonize, you want to build system that is very 
 
 different, then we are changing (inaudible). 
 
               XXX:  Getting back to the budget 
 
 thing that you were bringing up just a little while ago, 
 
 if we're successful at the solar for PV, developing solar 
  







                  
 
 
 
 where we make the SunShot, if we're successful at electric 
 
 vehicles, what's going to be the impact? 
 
               XXX:  That's an excellent way to 
 
 phrase it. 
 
               XXX:  I mean, the Department's 
 
 role is really looking in the future.  So how do we assure 
 
 ourselves we can intersect that future? 
 
               XXX:  We need a grid commiserate with 
 
 our aspirations in these other directions. 
 
               XXX:  Exactly.  And I'm not sure 
 
 that's being looked at yet. 
 
               XXX:  No.  And what -- 
 
               XXX:  What if you succeed? 
 
               XXX:  Yes.  Right.  We catch the bus. 
 
               XXX:  What if you catch the bus. 
 
               XXX:  As Wayne Gretzky says -- 
 
               XXX:  What do you need to do to the 
 
 grid currently, what are the coordinated programs in the 
 
 grid we need to match, either SunShot or electrification 
 
 or both.  I don't know.  But that sounds like a nice way 
 
 to phrase the question. 
 
               XXX:  That's a challenge for the 
 
 distribution side rather than (inaudible).  Not so much 
 
 for both. 
 
               XXX:  Although -- well, yes and no. 
  







                  
 
 
 
 I mean, you want to put up lots of grid scale PV in the 
 
 southwest, I've still got to move that bulk power to LA. 
 
               XXX:  What I would say, though, 
 
 it's going to be -- I think that whole issue is going to 
 
 be a much bigger issue where you have areas of the country 
 
 which don't rely on air-conditioning.  Those parts of the 
 
 country which rely heavily on air-conditioning I don't 
 
 think are going to see much of an impact from the 
 
 large-scale implementation of charging cars, only because 
 
 the system was set up for large amounts of amps and flows 
 
 to run air conditioners.  And I think I mentioned this 
 
 before.  When you take a look at every house here in 
 
 Phoenix, it's set up for 100 or 200 amp service or more. 
 
 Having a plug-in vehicle is just not going to have much of 
 
 an impact.  It's going to be when you charge and the rates 
 
 and so on.  But I think if you go to an area of the 
 
 country which doesn't have a lot of air-conditioning and 
 
 you start having a large saturation of cars charging, 
 
 you're going to see an impact. 
 
               XXX:  XXX, it could have -- you guys 
 
 talk about the cul-de-sac phenomenon, don't you, where it 
 
 could have an impact on substations, like individual -- 
 
               XXX:  It could have local 
 
 transformer impacts, not even substations.  Local 
 
 transformers.  And you can watch that just with your 
  







                  
 
 
 
 advance metering system. 
 
               XXX:  But you could map that and you 
 
 could still map that and -- 
 
               XXX:  But there are a lot of 
 
 locations in that category, the whole country of Ireland 
 
 and the whole coastal regions where the car is a big part 
 
 of the load.  So, you know, it makes a difference. 
 
               XXX:  Because they didn't have to 
 
 do much. 
 
               XXX:  But, XXX, to XXX's point 
 
 and -- I'm sorry.  Your name? 
 
               XXX:  XXX. 
 
               XXX:  To their point, I mean, wouldn't 
 
 it have an impact on you guys if there was large-scale 
 
 adoption of distributed solar and large-scale adoption of 
 
 energy efficiency? 
 
               XXX:  Depends on -- 
 
               XXX:  What will that do to your 
 
 system?  If everybody turns into my brother who just 
 
 completely solarized so now his electric bill is $  a 
 
 month -- 
 
               XXX:  The whole issue of the 
 
 distributed PV won't be in the wires.  It's going to be 
 
 back into the regulation of that power. 
 
               XXX:  Doesn't that go to storage? 
  







                  
 
 
 
               XXX:  That's what I said.  One of 
 
 my four was with the regulation of the energy is the wire 
 
 size out here is not going to be an issue.  It's going to 
 
 be this fluctuation in how you manage it.  So the lower 
 
 the voltage that you interconnect these types of devices, 
 
 the harder it is to manage; whereas, the larger voltage 
 
 that we interconnect these things into the easier it is to 
 
 smooth and mute that.  So, yes, that is a key thing. 
 
               XXX:  Can we make statements like at 
 
 the level of, I don't know, pick a number, 5 percent PV 
 
 penetration the grid's going to break as current, or at 
 
 the level of 8?  I don't know what the number is. 
 
               XXX:  There's some circuits in 
 
 California approaching 100 percent and they're not broken. 
 
 Some approaching 25 percent and they're broken. 
 
               XXX:  So you can't generate a crisis 
 
 for me? 
 
               XXX:  Some circuits, you put 
 
 five PV -- five electric vehicles on, they won't handle 
 
 that. 
 
               XXX:  So what about EVs?  Can you 
 
 generate a crisis for me with EVs? 
 
               XXX:  Maybe. 
 
               XXX:  The cul-de-sac scenario, right? 
 
               XXX:  Localized for sure.  If you have 
  







                  
 
 
 
    percent EVs, that's a lot of EVs.  That's 30 million of 
 
 them. 
 
               XXX:  But they're not going to be 
 
 evenly distributed. 
 
               XXX:  No, they won't be, and that's the 
 
 issue.  A big clump of them in Berkeley and Brentwood and 
 
 Santa Monica, and there will be zero in Kansas City.  I 
 
 mean, you know -- 
 
               XXX:  The crisis -- 
 
               XXX:  But you could upside the 
 
 equipment or you can put in better controls. 
 
               XXX:  There will be a number of 
 
 circuits next to each other all at 70 percent.  That's 
 
 where the crisis will be with PV.  Because what happens is 
 
 you have a problem and now where do you go for solution 
 
 sets.  So it's the integration of side-by-side systems 
 
 looping back in and getting -- making sure you have 
 
 adequate flow. 
 
               XXX:  So we've had a lot of 
 
 conversations about the role of power quality, 
 
 conditioning and reliability and these new types of 
 
 technologies on the distribution circuits.  But I'd like 
 
 to understand how you envision that being controlled.  We 
 
 have a centrally controlled system now.  These 
 
 technologies that you're talking about deploying, are you 
  







                  
 
 
 
 talking about deploying them on the distribution side? 
 
 And so would these technologies have to be automatic, 
 
 self-healing, what have you?  Or are we -- and completely 
 
 disbanding the centrally controlled paradigm?  Or how 
 
 would the interplay work?  How do you envision it? 
 
               XXX:  We have a centrally 
 
 controlled paradigm on the distribution system, usually. 
 
 That varies from company to company, but, you know, for 
 
 the most part it's very distributed already. 
 
               XXX:  We've also done projects 
 
 with PV and distributed agents that have very localized 
 
 control.  So there's different ways to do it. 
 
               XXX:  The point is you have to push 
 
 more control awareness downstream.  That's the solution to 
 
 it.  So you will have to think about, okay, what do I have 
 
 at the 12 PV level and lower that I've got visibility into 
 
 my system that I know it's happening.  The smart meters 
 
 are going to give you an aspect of that, but then you want 
 
 to think about what else do I have to do at the substation 
 
 level or whatever, at the transformer level to get that 
 
 communication that you don't have. 
 
               XXX:  The smart meters alone don't 
 
 really make a smart grid. 
 
               XXX:  So can one write down -- I want 
 
 to come back to the sort of requirements driver from the 
  







                  
 
 
 
 other things that the Department is trying to do. 
 
               Can you lay down a roadmap sequence, some 
 
 sense of what needs to happen, not necessarily the how but 
 
 the what, on a, say, 20-year time scale?  Take some 
 
 assumed penetration of EVs, some assumed penetration of 
 
 DGs, that sets a set of requirements for the grid.  Does 
 
 such a discussion exist anywhere? 
 
               XXX:  Yes.  There are research and 
 
 papers done, but they're done solely based on specific 
 
 forecasts. 
 
               XXX:  But there's no plan after that. 
 
               XXX:  Then the plan is how do you 
 
 meet those requirements, and it's some combination of 
 
 policy and technology. 
 
               XXX:  Different scenarios. 
 
               But I also want to go back to the way we 
 
 control today distribution system.  It's different.  I 
 
 think Mark was trying to get to this, is that it's pretty 
 
 much not the same way as the bulk side.  It's mostly 
 
 controlled on a time base.  You would put a set in for 
 
 specific time of the day and then change rather than doing 
 
 adoptive (inaudible).  If you want to control voltage, 
 
 it's not really reacting on current condition; it's all 
 
 precalculated.  And the bulk side there's a lot more 
 
 sophisticated.  So if you move toward that more 
  







                  
 
 
 
 sophisticated controlling solution side you could save a 
 
 lot. 
 
               XXX:  But you can do that.  I mean, 
 
 the technology exists I would think. 
 
               XXX:  You just have to start 
 
 working on it.  You have to set a number and go. 
 
               XXX:  The ARRA projects, you 
 
 have probably a dozen good examples of different advanced 
 
 distribution management technology because that's where we 
 
 are right now, is experimenting with all different 
 
 approaches. 
 
               XXX:  And we have maybe a dozen 
 
 utilities that do that.  But the rest of them are still 
 
 sitting in a very old age, if you will. 
 
               XXX:  We have a challenge just 
 
 in lessons learned from the projects that are going on 
 
 now.  And then -- the nice thing about distribution 
 
 systems is you can have 20 different ways of doing it and 
 
 it's okay.  Because every distribution system is 
 
 independent and there's -- you know, we have 60,000 
 
 substations, we have whatever, a couple hundred thousand 
 
 feeders, it's enough that if 40,000 of those support one 
 
 technology the vendors can continue to build that and 
 
 support that and 40,000 support another one.  There's 
 
 enough out there that we can have multiple ways of doing 
  







                  
 
 
 
 that and that's okay, as long as they're all kind of 
 
 standard and they all -- as they boil up to the 
 
 transmission, the EMS systems, they provide the same 
 
 interface at that point.  So lots of visibility to demand 
 
 management and resources that might be applicable if we 
 
 are going to do frequency regulation, if we are going to 
 
 do things that affect the transmission system.  That has 
 
 to boil up in a standard way. 
 
               But other than that, they can be done 
 
 different ways, and there's a lot of work to be done 
 
 there.  There's a lot of work to be done there.  DOE has a 
 
 role there.  Modeling is a business aspect of that.  The 
 
 PNNL work is right on target for that and needs a big -- 
 
               XXX:  But it needs hard technology, 
 
 too.  I mean, you've got to have real things. 
 
               XXX:  It needs hard technology. 
 
 When we put storage out there, there's 20 different ways 
 
 we might manage that storage, and the distribution 
 
 management system has to represent that.  It's probably a 
 
 distributed control that's doing something, shaving peaks 
 
 or controlling -- providing frequency regulation or 
 
 providing a micro grid support for local customer, 
 
 whatever.  But we have to know what it's trying to do 
 
 because it affects the whole system. 
 
               XXX:  But every control center has 
  







                  
 
 
 
 a near miss, not every distribution system has a scale 
 
 (inaudible).  And I might think one of the things you can 
 
 do, it's an easy goal, to put the goal in front or at 
 
 least create some kind of incentive to do it, because that 
 
 could by itself save a lot of money in controls. 
 
               XXX:  CVR gets that into the 
 
 substation. 
 
               XXX:  As we go back up the grid, 
 
 where in the power does D stop and T start?  Distribution 
 
 system handles a megawatt power or less? 
 
               XXX:  Substations could be -- 
 
 like Con Ed substations are 3000 megawatts, but that's 
 
 unusual. 
 
               XXX:  That's unusual. 
 
               XXX:  15 megawatt. 
 
               XXX:  You're talking 50, 
 
 60 megawatts -- 
 
               XXX:  Is where D starts and T ends? 
 
 All right. 
 
               XXX:  Could we go back to the Under 
 
 Secretary's question about the 20-year timeline.  So you 
 
 said there is some -- there are some studies being done? 
 
 Who did them? 
 
               And then I would ask the utility guys in the 
 
 room, maybe Rob, is this being discussed in board rooms? 
  







                  
 
 
 
 I mean, seems to me you have a fiduciary duty and a duty 
 
 to your ratepayers to be making this kind of an analysis. 
 
 So which utilities are making that 20-year analysis of 
 
 what would be needed if all of this stuff happens? 
 
               XXX:  I'll speak for our utility. 
 
 And I don't know if we are unusual.  Yes, we have a -- she 
 
 already knows the answer. 
 
               XXX:  That's why she asked the 
 
 question. 
 
               XXX:  With the court reporter in the 
 
 room. 
 
               XXX:  We need to take a look at a 
 
 very long-term totally saturated system.  So we look out 
 
 40, 50 years, and then we have a 20-year and a 10-year 
 
 look, and we take a look at technology.  And most of our 
 
 technology on our distribution side has been in 
 
 collaboration with every -- we do have a distribution 
 
 automation system going on and we have experimented with 
 
 different ways of doing that.  You know, so we hear about 
 
 the self-healing grid, we wonder how you can really do it 
 
 on the transmission side so much. 
 
               The distribution side has more opportunities 
 
 for us right now, and that's where the design is different 
 
 from distribution utility to distribution utility.  For 
 
 example, we have a complete redundancy at every voltage 
  







                  
 
 
 
 level.  So at every voltage level we have a redundancy so 
 
 in case there's a loss there is another line that can 
 
 provide the capacity into the area. 
 
               Well, distribution level, right now most of 
 
 those areas rely on a switch which is manually controlled. 
 
 So if there is a car accident, there's a power outage, we 
 
 send out a troubleshooter.  He goes in there, he isolates 
 
 it, he hits the switch and then we can provide energy. 
 
               The automation portion looks at controlling 
 
 that remotely through our EMS, and we have that.  And so 
 
 the question is although it's not easy to tailor the 
 
 entire system and put all of the equipment to make that 
 
 work and that's where we are experimenting with what 
 
 technology is going to make that work properly.  And so 
 
 we've got two areas which we're doing that. 
 
               I know the utilities out here do this 
 
 long-term look.  I don't know, though, if it's common 
 
 across the country.  It is common in Arizona for utilities 
 
 to do these things. 
 
               XXX:  Rob, are you looking, though -- 
 
 I mean, does that look include, you know, high 
 
 penetrations of EVs and DG solar and what would happen and 
 
 what you would need, to the Under Secretary's question, 
 
 to -- for that to happen? 
 
               XXX:  I would say that's in its 
  







                  
 
 
 
 infancy.  We have done some.  Have we done it to the scale 
 
 in which the Under Secretary had suggested may be done? 
 
 No.  I'm certain that APS has done more than, let's say, 
 
 SRP and TEP have done, and they've got a better feel for 
 
 that.  And that's something that ultimately has to be done 
 
 because I think it would be interesting on the combination 
 
 of both the electric vehicles and the PV, which will tend 
 
 to be prevalent in the entire southern belt of the U.S. 
 
               XXX:  A lot of that is part of the 
 
 set of utilities benchmarks with nonutilities, and one of 
 
 our conversations was with a major manufacturer of 
 
 electrical equipment.  And they had an interesting sort of 
 
 speculation that I think applies to this circumstance. 
 
 They were saying, well, when you have a lot of electric 
 
 vehicles and you have a lot of PV and you have a lot of 
 
 distributed generation, the current thinking of how safety 
 
 works at the distribution level may not work.  You may end 
 
 up with an utterly unstable system with generation coming 
 
 on and falling off and all kinds of weird things. 
 
               We haven't really imagined what does it take 
 
 to actually have a safe operating grid with power flows 
 
 going in a bunch of directions at the distribution level. 
 
               XXX:  There's a study in Hawaii, 
 
 two-year study, and it's three months old, looking at 
 
 exactly the problem. 
  







                  
 
 
 
               XXX:  This is true for the bulk 
 
 side, too, by the way, how is that behavior going to 
 
 affect the bulk side.  We can't ignore anymore what's 
 
 going on in distribution. 
 
               XXX:  So those things, low voltage 
 
 ride-through, all those kinds of things that you expect of 
 
 generation may be new features that you need to expect in 
 
 distribution. 
 
               XXX:  But the study I was referring 
 
 to was mostly done not by utilities but by academia and 
 
 some other companies -- 
 
               XXX:  By who? 
 
               XXX:  -- trying to use -- academia 
 
 and some other research organizations that try to use real 
 
 data or real regions, but not specifically targeted. 
 
               There are different studies in Europe, 
 
 studying together the social behavior of vehicles charging 
 
 and finding out if we have smart charging versus not 
 
 having smart charging what is the effect on distribution. 
 
 And if you'd like, I can probably pull several of these 
 
 studies. 
 
               XXX:  That would be useful. 
 
               So let me again continue on the progression 
 
 here.  If there is some electric future out there and 
 
 there's some planning that's starting to go on at the 
  







                  
 
 
 
 utility level and maybe then at the regional level, what 
 
 is the DOE's role in that?  What do we do, we, the DOE? 
 
               We can facilitate the conversation, 
 
 obviously, and that sounds like one of the very important 
 
 things we do.  There's probably a technology piece, 
 
 there's an informing the regulator piece.  I'm looking for 
 
 what is it we do. 
 
               XXX:  One thing we've done, very 
 
 effectively in some places, has been kind of the technical 
 
 basis.  Because what we find is very few of the people 
 
 that want to sell wind farm, or whatever their gadget, 
 
 have done the analysis behind how does it impact the 
 
 system and that kind of thing.  And we have expertise in 
 
 that.  So we bring an honest broker kind of -- 
 
               XXX:  Do we do it in a kind of 
 
 consulting mode? 
 
               XXX:  To the state, actually.  To the 
 
 states. 
 
               And then we have to do the like solar 
 
 collection and the wind collection behind that.  We have 
 
 to do the modeling behind that and all of that to have 
 
 that basis.  But usually very few companies have the 
 
 technical depth to come after this, some of the questions, 
 
 and so they make it up.  And so you end up with, frankly, 
 
 at the PUC a lot of liar's poker kind of thing.  And we 
  







                  
 
 
 
 can be the honest broker in that, and that's a very 
 
 valuable tool. 
 
               XXX:  So why hasn't somebody started 
 
 a business to do that?  I mean, that sounds like an 
 
 obvious private sector thing. 
 
               XXX:  Well, companies like KEMA do do 
 
 that. 
 
               XXX:  There's companies that 
 
 offer those services as well, and they build on results 
 
 that DOE has. 
 
               XXX:  I see. 
 
               XXX:  So DOE providing a 
 
 foundation for the private sector to build on. 
 
               XXX:  The point is they do the 
 
 near-term work, and DOE I still think needs to be looking 
 
 out further on these types of items and -- because we team 
 
 up with EPRI on a lot of things.  And I have to admit our 
 
 focus can never be out as far as EPRI would like us to be. 
 
 And EPRI does allocate some funds for this very futuristic 
 
 type of research, but it's probably never enough.  Whereas 
 
 I do think DOE has a role in looking out further than 
 
 everybody else is. 
 
               XXX:  There's really no tools to 
 
 allow to some good strategic planning and assimilation.  I 
 
 think we desperately lack that kind of tool. 
  







                  
 
 
 
               XXX:  So is that one of our roles, to 
 
 create those tools? 
 
               XXX:  I think it would be a great 
 
 thing to do, because it's just -- even ISO today is facing 
 
 uncertainty in generation.  And so I think there's no 
 
 adequate tools. 
 
               EPRI does have one tool; I forgot the name 
 
 of it.  It does some long-term simulation.  But it's very 
 
 rudimentary.  There's no focused effort.  Also ability to 
 
 simulate new technologies.  And so that's something that 
 
 if done properly would greatly benefit everybody. 
 
               XXX:  We were talking about that at the 
 
 beginning.  I think that if you look at the complexity of 
 
 the system and especially if you are starting to look at 
 
 the ability to model not just point simulations but what 
 
 people are doing in the rest of the world, which is to -- 
 
 with the advancement of advanced simulators and advanced 
 
 computers now, actually compute probabilistic outcomes and 
 
 all of that, I think one could argue that if you look at 
 
 the system and include all of the effects that we've been 
 
 talking about with the -- not only the infrastructure you 
 
 have but the invention of new aspects into that, new 
 
 research and new technologies, very large nonlinear 
 
 systems, the ability to simulate them, who has that 
 
 simulator? 
  







                  
 
 
 
               I think I would argue that most people would 
 
 say there isn't anything even approaching that.  And there 
 
 isn't a simulator for grid-based systems that's anywhere 
 
 nearly as complex as we see in some other industries where 
 
 they have developed that.  People can design a whole 
 
 aircraft from scratch.  Those are not trivial things to 
 
 develop.  These are hundred -- multi-hundred-person-year 
 
 developments of people who know what they're doing. 
 
               But who is going to do it if it isn't DOE? 
 
 Individual utilities simply are incapable of that.  They 
 
 don't have the competencies. 
 
               XXX:  It may not be that -- 
 
               XXX:  The universities themselves 
 
 are -- can contribute, but they're not -- 
 
               XXX:  I'll give you an example.  My 
 
 CO wanted me to create what he called advance (inaudible) 
 
 simulator to do just what you're talking about.  I spent 
 
 two, three months' time frame effort to try to just narrow 
 
 down the scope of that.  And it was very tough.  And I 
 
 still don't think I have succeeded to -- I have some 
 
 features.  Because you have to really balance between what 
 
 we have today in simulation and what you want to do.  It's 
 
 really specifically dedicated to strategic planning.  You 
 
 have to be very carefully balanced between the complexity 
 
 (inaudible) whenever you need it, because not necessarily 
  







                  
 
 
 
 you need all the detailed models.  It's just a matter of 
 
 how you do it and how quickly you simulate alternative 
 
 future. 
 
               XXX:  So that's one way.  I mean, 
 
 another is to have the same software that actually does 
 
 the control doing the simulation at the same time. 
 
               XXX:  Which may or may not -- 
 
               XXX:  Down the road that's exactly what 
 
 you would want. 
 
               XXX:  That would be tough. 
 
               XXX:  We talked at Cornell about 
 
 this. 
 
               XXX:  Is it the changing physical 
 
 characteristics of both the technologies on the system and 
 
 the system itself which can no longer mask or hide these 
 
 nonlinearities and complexities?  Is that part of the 
 
 issue of why we need such a dramatic leap in capability? 
 
 The system has been managed for half a century using 
 
 similar type -- 
 
               XXX:  I don't think that's the 
 
 issue.  I think the issue is the flexibility of changing 
 
 the future and how you simulate that and also how you 
 
 present that simulation in some way.  Because what you 
 
 just talked, we do have that software.  If I want to run 
 
 very detailed analysis of making commitment for every 
  







                  
 
 
 
 hour -- it's not even production cost, it's -- (inaudible) 
 
 the sort of production software that we have.  It's a very 
 
 different process.  You have to be able to model things 
 
 and technologies that don't exist. 
 
               Now, if you have a simulator that each time 
 
 you have a new technology you have to create a new 
 
 program, of course it's a very, very tough thing to do. 
 
               XXX:  Just think of a scenario 
 
 where we really adopt dynamic pricing across the whole 
 
 grid.  And now we're going to rely on high prices to 
 
 manage demand and reduce demand at critical times.  How do 
 
 we simulate that from a reliability point of view in terms 
 
 of consumer behavior? 
 
               XXX:  How would you understand the 
 
 consumer behavior well enough to -- 
 
               XXX:  That has to be part of it. 
 
               XXX:  How do you put that into a 
 
 reliability simulation?  Those are the kinds of questions 
 
 that we need to start attacking under this umbrella of 
 
 what's the reliability of this smart grid and how do we 
 
 access it. 
 
               XXX:  I agree with you.  The simulators 
 
 like this are really actually a whole information 
 
 architecture.  They have simulation, they have data, they 
 
 have -- they can increase -- like some of the combat 
  







                  
 
 
 
 operation simulators actually simulate behavioral effects. 
 
 All of this stuff is there.  It could be done.  I don't 
 
 know of any entity that has the capabilities of doing it 
 
 or the money. 
 
               XXX:  Or the desire. 
 
               XXX:  As you're familiar -- 
 
               XXX:  They need a project to do 
 
 the requirements definition -- 
 
               XXX:  Just the design work.  But as you 
 
 know from your experience at DOD, I mean, in a more 
 
 specific but nonetheless complex simulation process, these 
 
 are a hundred million dollar simulators to develop.  And 
 
 nobody -- no utility is going to do that.  And they really 
 
 are built around -- and even if you have them, you need an 
 
 organization to maintain them, to keep them going.  You 
 
 need expertise to do consulting projects.  You need -- 
 
 it's a whole entity. 
 
               Now, national labs have done this for the 
 
 weapons program.  So there is a model. 
 
               XXX:  And also systems in defense. 
 
               XXX:  All the defense systems.  So 
 
 there actually is a model, but it does require -- I would 
 
 argue if you go down this pathway it's a commitment to an 
 
 organizational capability, not just a technology, or you 
 
 can't get anywhere. 
  







                  
 
 
 
               XXX:  So why couldn't -- why isn't -- 
 
 maybe IBM in the back room, this is what they're going to 
 
 do. 
 
               XXX:  It's not clear you can ever pay 
 
 for these things. 
 
               XXX:  We're a terrible market 
 
 for software.  We're just not big enough.  So electric 
 
 utility industry does not support the development.  We 
 
 use -- the good software that we use has -- cuts across 
 
 many markets, like Historians, like PI Historian, that 
 
 work in the industrial market and chemical industry and 
 
 everything else.  We'll adopt it and use it.  But in terms 
 
 of supporting large-scale software development like that, 
 
 we're just -- actually, we're not a big enough industry. 
 
               XXX:  And you don't have the historical 
 
 competencies.  You don't have people that have done -- 
 
 developing such systems is not -- this is not an amateur's 
 
 game.  These are people that know how to build complex 
 
 simulation operations systems. 
 
               XXX:  I would still argue that it 
 
 is more important to understand what you're trying to do 
 
 rather than how to do it.  We know how to do it.  And my 
 
 major problem was I actually met probably ten times with 
 
 my boss just to find out what they want, what they mean by 
 
 this.  It's not a simple definition. 
  







                  
 
 
 
               Another problem, I have been peer-reviewing 
 
 some of the large-scale models that EPA (inaudible).  The 
 
 problem is validating that model.  Because it's really not 
 
 a very easy way to say whether the simulated is 
 
 actually -- 
 
               XXX:  But on the short time, we were 
 
 talking in one of the -- the short time scales you get 
 
 validated continuously, right? 
 
               XXX:  Yes.  But in the -- not all 
 
 of it.  For example, the planning model. 
 
               XXX:  No.  The planning models are 
 
 much harder to validate. 
 
               XXX:  Even in the very short term, 
 
 you really don't have enough statistics. 
 
               XXX:  And you might argue that the 
 
 planning models are really only tools anyway and don't -- 
 
               XXX:  I have another idea for 
 
 example for the DOE.  You created these research centers 
 
 and hubs, innovation hubs.  Why can't we pick up a couple 
 
 of teams, give each team an alternative future.  Because 
 
 we argue here, one way to build transmission, another way 
 
 to build more micro grids, assume centralized or 
 
 decentralized control.  And certainly we have to find one 
 
 of the key features we want and let them analyze that 
 
 future, create a human simulator versus software that 
  







                  
 
 
 
 could take long to do, and then let this, each team, 
 
 defend their own.  Like relaxing today's (inaudible) amp 
 
 constraints, whatever. 
 
               We have today different reliability rules 
 
 both in distribution and bulk side.  Different metrics. 
 
 Completely different metrics.  Even though the line is 
 
 blurring, we still -- 
 
               XXX:  So now we're into the how, 
 
 which is one dimension.  But I think we're -- 
 
               XXX:  That's what I think you want. 
 
               XXX:  It's a neat idea.  I guess where 
 
 I would stumble is who gets to judge that?  Who gets to 
 
 pick what's the winning solution set? 
 
               XXX:  You have to create a group of 
 
 experts and have the other groups to do that.  We do 
 
 economic experiments, experimental economics, simulating 
 
 market behavior.  I gave an example yesterday about Y K. 
 
 You tell people that everything is going to go down the 
 
 drain in 2000, and people started buying the backup 
 
 generation and things like this.  They wouldn't do it 
 
 otherwise. 
 
               So if you say in four years we are going to 
 
 change frequency regulation by that amount, and so some 
 
 people say, oh, well, our computers wouldn't be ready, the 
 
 quality is bad.  They will find the technology to deal 
  







                  
 
 
 
 with that.  And so it's just a matter of scaring enough 
 
 people to come up with new technology. 
 
               XXX:  So there are many ways to run 
 
 this kind of exercise, and that's great.  Somebody will 
 
 figure that out if we decide to go ahead. 
 
               Let me turn to the data a little bit.  To 
 
 build models you need the data.  And what I learned 
 
 yesterday is that there are barriers, legal, business, 
 
 others, to collecting enough data in one place to do that. 
 
 Is that going to -- is that an issue?  What time scales? 
 
 Where?  Who owns the data?  How do we -- 
 
               XXX:  Actually, XXX, you dealt 
 
 with that when we built Verde. 
 
               XXX:  Yeah.  I hear from the 
 
 group.  But at least based on even past experience where 
 
 even as DOE where we were concerned about having data to 
 
 support recovery efforts after Katrina and Rita, just so 
 
 we can prove our situational awareness so we could say, 
 
 hey, help us understand where there's critical 
 
 infrastructure down that we can be able to support you in 
 
 ways that -- I mean, that became even, well, sorry, we 
 
 can't do that.  And it took probably two years of just 
 
 legal discussion, working with -- 
 
               XXX:  But the point is it took a 
 
 long time but you got it. 
  







                  
 
 
 
               XXX:  We did.  But I think part of 
 
 the question is how do you -- I mean, that was on an -- I 
 
 mean, it came back to an earlier conversation yesterday, 
 
 and maybe, XXX, you were mentioning this one, but talking 
 
 about, well, the only way we can get you data on the ISO 
 
 or TO is if we get every single stakeholder involved.  And 
 
 I think that's part of the question, is how do we start -- 
 
 if data becomes an issue, how do we start getting a 
 
 framework that allows sort of access to it but doesn't 
 
 violate the trust responsibility that is occurring. 
 
               XXX:  Policy that I think was 
 
 created just specifically not to give it out. 
 
               But what kind of data are you talking about? 
 
 Let's find out exactly what data.  If we are -- there are 
 
 two things that are protected by this critical 
 
 infrastructure.  One is network modeling data and another 
 
 one is markets data.  That's what ISO is.  Doesn't give 
 
 away easily. 
 
               My question is who needs that data?  So, for 
 
 example, if it's just DOE, it's one thing.  If you give it 
 
 away to somebody else who is going to work on this, that's 
 
 different.  Because if it's just DOE, I think you can 
 
 probably strike a deal with FERC.  FERC -- whatever FERC 
 
 wants it gets.  And so when I talk to our lawyers, they 
 
 say if FERC asks for any kind of modeling -- 
  







                  
 
 
 
               XXX:  This is DOE and its 
 
 laboratories in the end. 
 
               XXX:  Even labs may be 
 
 questionable. 
 
               XXX:  The question is can DOE in 
 
 general keep confidential data confidential? 
 
               XXX:  I think we've got a pretty good 
 
 but not perfect record of that. 
 
               XXX:  So I would say that as long 
 
 as DOE can come to the understanding that it will not be 
 
 releasing confidential information, I think we can get the 
 
 information to you. 
 
               XXX:  Also, do you need -- I mean, 
 
 you don't need it from every ISO.  If you are building a 
 
 model at least at the beginning all you want is one ISO's 
 
 data because that's what you want to get started on. 
 
               XXX:  It depends.  For example, 
 
 with wind penetration and wind data, you may want to go 
 
 for California or Washington -- 
 
               XXX:  But most of the work will be 
 
 done by starting with one ISO. 
 
               XXX:  In theory you could 
 
 compartmentalize based upon the questions you were trying 
 
 to answer, sort of the unique characteristics you were 
 
 trying to capture of that system. 
  







                  
 
 
 
               XXX:  In fact, it's a good predictive 
 
 exercise to build the model for one system and then see 
 
 how well it does applying on another system. 
 
               XXX:  It's largely self-inflicted. 
 
 You seek standards when they are created -- 
 
               XXX:  But the note is FERC to go 
 
 after to unlock this? 
 
               XXX:  FERC orders.  It's 
 
 different FERC orders on this topic. 
 
               XXX:  There will be lawyers going 
 
 against it.  It's going to be against distinct standards 
 
 from NERT.  And so it's going to be a legal fight. 
 
               XXX:  Is it interstate transmission 
 
 you're trying to deal with?  Which would be FERC.  Does it 
 
 involve states?  Then you've got to deal with the states 
 
 that are involved as well if you're going into that 
 
 activity. 
 
               So Hawaii's an island.  We did that.  We 
 
 modeled the grids in Hawaii.  A little system, 
 
      megawatts within   percent reproducibility, a year's 
 
 worth of data.  It's doable.  A lot more complicated on 
 
 the    local. 
 
               XXX:  That's interesting. 
 
               XXX:  And here you are talking more 
 
 the distribution system, right?  So that's a state 
  







                  
 
 
 
 jurisdictional issue. 
 
               XXX:  Distribution system models 
 
 are -- utilities, generally you can clean them up to the 
 
 point where they're shareable.  We've had a number of 
 
 utility -- we've developed test cases that we can give to 
 
 IEEE, critical mass, names are changed and they have all 
 
 the details. 
 
               XXX:  The distribution system 
 
 using GridLAB-D, a number of 27 different architectures I 
 
 think. 
 
               XXX:  We're getting to have a 
 
 pretty good library of distribution circuits that 
 
 represent a cross-section that we can play with and 
 
 continue. 
 
               To me the models of the individual elements 
 
 are the big unknown, that we need to develop the library 
 
 of that then plug into those systems.  As we develop 
 
 storage models and we develop smart inverters for PV and 
 
 we develop power electronic transformers and we develop 
 
 pricing systems that customers are going to respond to and 
 
 we plug that into a distribution model, those are -- all 
 
 those elements are not there.  They're in our heads and 
 
 with examples, but they're being played with in example 
 
 cases. 
 
               But they're not out there in the public for 
  







                  
 
 
 
 all the universities to try and model and evaluate the 
 
 impacts and things like that.  So test cases are there, 
 
 but all the technologies that we have to integrate in 
 
 those test cases are not there.  So there's a lot of 
 
 modeling work to be done from that respect. 
 
               XXX:  And some of those models are 
 
 manufactured for proprietary -- 
 
               XXX:  That gets even more 
 
 complicated, how to generalize the manufacturer's 
 
 proprietary model. 
 
               XXX:  Interconnections are very 
 
 difficult because every company uses their own private 
 
 model.  And there is no real agreed-upon model to do that. 
 
 There's no -- 
 
               XXX:  Even all the way up to 
 
 wind turbines.  We worked on that for many years, but in 
 
 the end you want that wind turbine model in your 
 
 transmission model, the actual vendor's model.  You can do 
 
 your planning studies with generalized models, but there's 
 
 all kinds of idiosyncracies in terms of how they respond 
 
 to voltage regs and things like that that are only in the 
 
 vendor model. 
 
               XXX:  I don't think there's a rush 
 
 at the moment that (inaudible) laboratory.  I don't think 
 
 we need specifically a big push for that.  It's happening. 
  







                  
 
 
 
               XXX:  It's happening. 
 
               XXX:  It is happening for creating 
 
 models that (inaudible) -- to do Internet, mostly trained 
 
 us to do simulation.  All the wind turbine models are 
 
 being -- some of them that we can't get from the vendors, 
 
 EPRI is actually having an effort with IEEE creating a 
 
 reusable model that we can plug in.  (Inaudible) with 
 
 different areas are meeting together and making sure 
 
 what's being used now and be able to try to calibrate some 
 
 of these models.  This is well on its way.  I don't think 
 
 that's something that has to be pushed by DOE to start 
 
 happening. 
 
               The network models, again we have certain 
 
 standards that allow us to exchange.  It's not perfect. 
 
 It's far from perfect.  But, again, between the utilities, 
 
 not that bad. 
 
               But with academia, when we want to exchange 
 
 market data with neighboring markets or a nonmarkets, it's 
 
 really a matter of -- when you talk about the data 
 
 availability, it's data for research and ability to use 
 
 that.  I think at the moment with some of the security 
 
 goals it's going to be more and more difficult.  It used 
 
 to be always published it with FERC.  Now it's not as 
 
 accessible. 
 
               XXX:  Is there something more on 
  







                  
 
 
 
 the consumer behavior side that -- in terms of 
 
 understanding it, education, how -- what the response will 
 
 look like for different scenarios in the future that DOE 
 
 should be doing?  I actually don't know the -- I mean, 
 
 there's a lot of studies going on.  In my opinion they're 
 
 somewhat limited in scope in terms of what we will learn 
 
 from them because we can't look ahead to an automated 
 
 response, which is a big factor.  We've got to actually 
 
 have that to see how consumers will respond to that.  But 
 
 putting the science on to the consumer response question 
 
 and then migrating that information into models as well. 
 
               XXX:  So how important is the human 
 
 dimension in all of this and should we be studying it? 
 
 And if so, what does the research program look like? 
 
               XXX:  I know we're starting a 
 
 program next year on integrating the customer, because our 
 
 end utilities of -- that's a big issue for all utilities, 
 
 is understanding the customer, and if nothing else from 
 
 just an energy efficiency point of view: how do we 
 
 interact with the customers and help them become more 
 
 efficient and provide education and -- but there's a lot 
 
 of science to put around that, so it has not been an area 
 
 that utilities typically have put a lot of science in. 
 
               XXX:  I think most sociologists would 
 
 look at it and say that the efforts today are very simple 
  







                  
 
 
 
 and don't account for a very diverse set of responses to 
 
 things, demographic issues, cultural issues.  So I think 
 
 you have a starting point.  But I think the idea of 
 
 expanding that to look at, you know, kind of the diversity 
 
 that you see and how do they respond -- 
 
               XXX:  We just said it's happening 
 
 already, too. 
 
               XXX:  I wonder if we need to do 
 
 more, because it is happening. 
 
               XXX:  I think it's already that 
 
 everybody realizes we need to do that.  And if DOE 
 
 (inaudible) from FERC triggered a lot of need for that 
 
 kind of study because it's not quite economic and people 
 
 don't really know how loads will behave.  And so there are 
 
 several efforts already right now including EPRI trying to 
 
 address that, simulate what's going to happen and how 
 
 people are going to behave with that specific order. 
 
 Because it's at least next four, five years.  Again, I 
 
 think it's already happening.  There is a need for this. 
 
 The industry realizes the need. 
 
               I think where we all are diverging is what 
 
 is the future going to look like.  So we are going around 
 
 and around about this, and we really don't have a very 
 
 good picture.  And that's I think -- it would be a great 
 
 thing to focus the efforts to try to figure out what -- 
  







                  
 
 
 
               XXX:  And the dimensions of that are 
 
 what the generation will look like? 
 
               XXX:  Actually even the -- 
 
               XXX:  The loads? 
 
               XXX:  Picture wise. 
 
               XXX:  Architecture, just physically 
 
 architecture? 
 
               XXX:  Not necessarily there's only 
 
 one right direction to go.  If we feel that this is the 
 
 reasonable direction, it's just we have to start going. 
 
 Because we are going like this instead of going like this. 
 
 I mean, there is no one solution that would be perfect for 
 
 everybody. 
 
               XXX:  It's kind of like is there 
 
 a way to customize the delivery to each and every 
 
 customer.  Because we talked about a vision with the smart 
 
 grid, some of the studies we're doing, so that a new 
 
 family moves into the home in wherever, say Arkansas, and 
 
 the electricity company can say, okay, we know for your 
 
 family size of four and your income and your sociological 
 
 background this is the best pricing model, the best home 
 
 interface, the best way for you to save energy.  So they 
 
 would start with that, but it's customizable based on the 
 
 needs. 
 
               XXX:  It's like with markets.  We 
  







                  
 
 
 
 have learned that there are certain -- there is very 
 
 common principles in design that should be in every 
 
 market.  But then it turns out that every region has its 
 
 own specifics, and you can't really build one market that 
 
 fits everybody.  So -- and you have to have that skeleton 
 
 of the future where we want to go, and then everybody will 
 
 customize it.  But if it's fully customizable you will be 
 
 in the same place. 
 
               XXX:  So everyone needs 
 
 electricity, but how to get it, how to use it, how they 
 
 manage their behavior at the interface, it's different. 
 
               XXX:  But FERC gave a standard 
 
 market design, I think we have to have a standard decision 
 
 that we will go that way and start going. 
 
               XXX:  So I have a friend who works at 
 
 the forefront of biology and genomics, and he talks about 
 
 a medicine that's personalized, predictive, preventive, 
 
 and participatory.  And there may be another "p" in there. 
 
 Those are the kinds of things you would probably like for 
 
 the grid as well. 
 
               XXX:  I think that's what people are 
 
 going to demand from their -- not just from the utilities, 
 
 but they will begin to be exposed to options from vendors 
 
 that are already doing many of these things, vendors that 
 
 are going to come in and offer to consumers, well, we'll 
  







                  
 
 
 
 set up a personalized energy delivery system for you 
 
 inside your home and it will allow you to close your 
 
 blinds before you get home and it will allow you to know 
 
 what you're using on a real-time basis.  And all of these 
 
 things are going to happen.  I think it's going to be very 
 
 consumer driven. 
 
               XXX:  That's already happening. 
 
 I know in Nevada with the smart grid project we've got 
 
 there, the representative came to NV Energy and said with 
 
 the awnings up and down automatically at certain times of 
 
 day, they wanted to add that feature and they wanted to 
 
 partner with NV Energy.  So it's already starting to 
 
 happen. 
 
               XXX:  AT&T is developing an app that 
 
 will allow people to do that.  So this is happening.  And 
 
 whether the utilities are ready for it or want it, it is 
 
 happening.  And I think -- 
 
               XXX:  The thing is can we jump-start 
 
 it.  Can we make it a holistic thing, not just a piecemeal 
 
 kind of activity that is being tried. 
 
               XXX:  Or should we?  Maybe you just 
 
 let it happen.  I don't know. 
 
               XXX:  It's a question of how much 
 
 value is there in the time saved of a targeted approach 
 
 versus letting an evolution happen.  What's the value of 
  







                  
 
 
 
 that to other markets, to other activities, to the 
 
 consumer. 
 
               XXX:  Can we meet our goals in 
 
 the time frame that we need to? 
 
               XXX:  The driver is money.  So if 
 
 the price of electricity goes up enough that people will 
 
 be concerned about it, they're going to start doing it. 
 
 If not, it's very difficult.  Only people that are 
 
 environmentally concerned and -- they would do things like 
 
 this.  But otherwise, unless I really have -- I see the 
 
 effect of it and how much I pay for it -- 
 
               XXX:  Well, it's money or regulation. 
 
 I mean, you can say thou shalt. 
 
               XXX:  Yeah.  But you can't really 
 
 probably -- 
 
               XXX:  It's just from a different 
 
 source. 
 
               XXX:  Mandating something like this 
 
 you won't.  But certain things, yes, you can mandate. 
 
               XXX:  But I think once you get there, 
 
 this conversion where it has -- that the energy system has 
 
 a significant information attachment, that's what the 
 
 consumers are going to be drawn to.  I mean, I agree with 
 
 you a hundred percent.  And history shows that all kinds 
 
 of things are going to happen then, once that happens. 
  







                  
 
 
 
 And there may be the need underneath this for some 
 
 fundamental understandings about it. 
 
               So DOE's role of providing knowledge and 
 
 expertise to parties that can use that information to 
 
 develop commercial activities, I think it's very possible 
 
 in this thing that the interface between the -- literally 
 
 the delivery of the electrons and the use by the customer 
 
 will get occupied by some other kind of entity.  It won't 
 
 be the utilities.  And I think utilities have not 
 
 historically had the competencies to do that and the 
 
 companies that have are already showing up.  Whether the 
 
 ones that show up now will be the winners, we don't know 
 
 that.  But they know how to take information and make it 
 
 relevant to customers. 
 
               XXX:  And to be integrated with 
 
 many other things. 
 
               XXX:  Many other things.  It will be 
 
 part of your information infrastructure of your home.  It 
 
 will have all the other stuff -- 
 
               XXX:  Pool pumps and -- 
 
               XXX:  So utilities could just back off 
 
 and be basically infrastructure. 
 
               XXX:  But the impact on 
 
 utilities is a major issue inherently. 
 
               XXX:  So that's where I think the 
  







                  
 
 
 
 knowledge question -- 
 
               XXX:  And that just goes back to 
 
 what will consumers do with all that information that 
 
 comes from Cisco and Global and AT&T and everything else. 
 
               XXX:  So do we have other examples of 
 
 where there's been this kind of information overlay on it, 
 
 either historical or happening now?  You know, the phone 
 
 system, a phone is much more than a phone now, of course. 
 
 So that's happened.  Transportation, starting. 
 
               XXX:  It is starting. 
 
               XXX:  It is starting.  Digitization 
 
 of your automobile. 
 
               XXX:  Financial management dominates. 
 
 Now it dominates.  IT dominates financial management. 
 
               XXX:  Entertainment is the same. 
 
               XXX:  Actually, that's all -- financial 
 
 management now is an information system. 
 
               XXX:  Used to be pencil and paper. 
 
               XXX:  Construction industry.  The 
 
 whole FIATECH collaboration is really all about digitizing 
 
 the creation of buildings, all the way through permitting 
 
 and building them and as-builts.  So you got the big 
 
 players sitting around trying to say, hey, how do we not 
 
 have to do this.  And I think it was last year they 
 
 developed the entire architecture and system far enough 
  







                  
 
 
 
 that they realized that the building permit departments 
 
 had been left out of the whole thing and were expecting a 
 
 damn roll of paper. 
 
               XXX:  That's the planned 
 
 manufacturing, also.  You go watch them build an airplane, 
 
 it's all digital, right, everything from the parts to the 
 
 manufacture to the operation.  But those are not consumer 
 
 things.  I mean, this is different. 
 
               XXX:  But one that is -- 
 
               XXX:  Healthcare. 
 
               XXX:  Healthcare is coming. 
 
               One that is is supply and logistics.  The 
 
 U.S. -- in part the reason the U.S. has by far the most 
 
 efficient supply and logistical system, FedEx and all of 
 
 that, people now take that for granted.  They can get 
 
 anything from A to B by logging on and doing it.  That's 
 
 all they have to do.  They don't have to do anything else. 
 
 So that's been completely transformed. 
 
               XXX:  So this is the vision of what 
 
 the grid might look like, right? 
 
               XXX:  Probably already possible if 
 
 you have a massive storage penetration on some level so 
 
 you can actually distribute -- make the effort (inaudible) 
 
 in some way.  You don't need for very long period of time. 
 
 It becomes closer to the Internet.  We talked a little bit 
  







                  
 
 
 
 about this.  But if you have that capability you can 
 
 actually -- we never thought that you would be getting 
 
 from Internet a movie, which is package of discrete 
 
 messages, but you don't really see the discrete.  You see 
 
 it as streaming.  So streaming technology today in IT is 
 
 very different from what it initially was.  And if you 
 
 have storage everywhere and the storage could talk to each 
 
 other, I can dream up an interesting model.  But that 
 
 requires a lot of push for storage, to build more 
 
 economically. 
 
               XXX:  Napster of storage?  I mean, 
 
 storage sharing basically. 
 
               XXX:  You actually can make a 
 
 system of storage talks to a couple of tiers away from 
 
 this.  And if you need to balance, you can borrow.  I 
 
 mean, I can think of a model -- 
 
               XXX:  Yes.  Right. 
 
               XXX:  -- and then come up with some 
 
 idea.  But you need that kind of leap in the storage cost. 
 
               XXX:  I like to use the word ubiquitous 
 
 for storage as a goal. 
 
               XXX:  Why not? 
 
               XXX:  That takes the current -- 
 
               XXX:  As the customers get control of 
 
 this, which is I think where you're going, and the fact 
  







                  
 
 
 
 that the one thing you can count on in this, the 
 
 complexity for the energy system, is the underlying IT 
 
 technology is going to plunge on into the future 
 
 regardless of what any one industry does.  And its rate of 
 
 change is so vastly faster than the infrastructure, that's 
 
 going to cause something else to happen.  I mean, in five 
 
 years -- five years is a huge leap in IT.  That's almost 
 
 nothing for somebody who's building out a power system. 
 
 So one of the questions is as that gets latched on, as 
 
 customers start to be the driver of that interface, what 
 
 then is forced upon the infrastructure to manage it.  That 
 
 was your question.  And I don't think that's clear. 
 
               And you shouldn't underestimate -- the IT 
 
 system will be so unbelievably different in ten years, 
 
 that's the one thing you can count on.  The evolution of 
 
 the power system, it will be evolving, but it will still 
 
 have substantively -- most of its components are there 
 
 today.  So how does that happen?  So what happens here? 
 
               XXX:  You've got the same problem. 
 
 You know, a car lasts 10 or 20 years and the software 
 
 changes a lot faster than that.  And so how do you match 
 
 those two time scales? 
 
               XXX:  I think that's a general question 
 
 about the evolution of the system shouldn't be 
 
 underestimated.  Because I agree with you a hundred 
  







                  
 
 
 
 percent.  Once consumers get used to -- because they're 
 
 used to it now.  They're going to say, hey, I've got 
 
 control.  I want A, B, C. 
 
               XXX:  I really think that's where DOE 
 
 comes in, is to help the utilities make this transition 
 
 and to solve some of those -- I really like the way you 
 
 put that, solve some of those demands and problems that 
 
 are going to be hoisted upon utilities that have to be 
 
 solved. 
 
               XXX:  Well, they'll either be hoisted 
 
 on to the utilities by them or by an intermediary that 
 
 says we'll aggregate a thousand of you and then we'll 
 
 really take on the utilities, which is what's happening in 
 
 logistics. 
 
               XXX:  And can we make a fully digitized 
 
 grid hack-proof? 
 
               XXX:  That's a whole other class of 
 
 problems. 
 
               XXX:  Talking about nightmares. 
 
               XXX:  That's a whole other class of 
 
 problems.  That's true for banking as well. 
 
               XXX:  And the answer is you can't 
 
 there, so you tolerate whatever losses you're having. 
 
               XXX:  Localize it, isolate it, 
 
 all those kind of things. 
  







                  
 
 
 
               XXX:  Exactly.  You have to make 
 
 a -- 
 
               XXX:  I would like to take five, ten 
 
 minutes just for break.  So why don't we reconvene at 
 
 quarter after, and we'll keep going in perhaps a different 
 
 direction. 
 
               (Break taken.) 
 
               XXX:  There was a sense -- discussion 
 
 among some of us over the last couple minutes that perhaps 
 
 the conversation had gotten a bit too high level and not 
 
 really focused on what the DOE could, should be doing over 
 
 the next five years or so to realize, to use the political 
 
 phraseology, to win the clean energy future.  And, you 
 
 know, how do we fit in relative to FERC, utilities, 
 
 technology providers, where is the highest leverage or 
 
 appropriate role, whatever you want to call it. 
 
               So maybe I would like to try to bring the 
 
 conversation back to the nearer time frame and more 
 
 specifically on where the DOE's niche, highest leverage 
 
 is.  So just with that I've got my own thoughts, but I 
 
 think I'll just put the question on the table. 
 
               XXX:  It would generally be helpful 
 
 for me if I understand what you can.  For example, are you 
 
 talking funding? 
 
               XXX:  Yes.  So assume the money is 
  







                  
 
 
 
 not the issue at the moment and whatever the budget is 
 
 right now -- 
 
               XXX:  Besides funding certain 
 
 efforts, what else can DOE do?  Maybe I'm the only one who 
 
 doesn't know exactly what you -- 
 
               XXX:  When you say funding certain 
 
 efforts, which efforts? 
 
               XXX:  That's what I think we are 
 
 here to find out, which efforts should be funded.  But 
 
 besides this, anything else that the DOE -- I mean, what 
 
 other options are there? 
 
               XXX:  So we heard that we operate in 
 
 I don't want to call it consulting mode, but maybe that is 
 
 the right word for various -- 
 
               XXX:  Facilitation mode. 
 
               XXX:  We convene, we get people 
 
 talking to one another.  We try to promulgate best 
 
 practice, so, hey, it worked over there and we think you 
 
 should look at it because it works over there.  We are 
 
 involved in setting standards in some things, right, 
 
 certainly down at the demand end, both at the charging for 
 
 vehicles and things of that sort.  And then we work on the 
 
 underlying technologies, whether it's storage, power, 
 
 electronics, simulation, and so on. 
 
               So I think at some modest level of 
  







                  
 
 
 
 resolution that's what we do.  Did I miss anything? 
 
               XXX:  I think one of the things 
 
 that cuts across it and one of the things we struggle with 
 
 a lot is the communications of what we do and the 
 
 communications of the best practices and the results of 
 
 some of the work that's been done in Wyoming. 
 
               XXX:  Because people don't want to 
 
 hear or we don't work at it hard enough? 
 
               XXX:  Both. 
 
               XXX:  Probably I think a little 
 
 bit of all of that, really. 
 
               XXX:  Prior to smart grid we really -- 
 
 OMB kind of slapped our hands for doing so, thought it's 
 
 not DOE's role.  We are technology in the organization. 
 
               XXX:  Let me turn it around a 
 
 little bit.  It's too bad Mark left because it had an 
 
 application in our discussion with EPRI.  EPRI, recall 
 
 back in the '70s and '80s, were fundamentally just pure 
 
 research and they produced a lot of great reports.  I 
 
 can't tell you -- bookshelves of great reports.  I wish I 
 
 would've read them all. 
 
               And then they started transforming 
 
 themselves into doing more things and branching out.  And 
 
 just as this conversation turned before what the customer 
 
 is, if you are asking what are the customers of DOE 
  







                  
 
 
 
 looking for and how do you become more responsive to that, 
 
 it's how you communicate on these different levels now. 
 
 And although the reports are necessary still, I would 
 
 venture to say that that is not the end product any 
 
 longer.  The end product is not developing a great report 
 
 that really answers all the questions that nobody reads or 
 
 very few people read or people just don't go about and 
 
 implement in some fashion.  So it's going to have to be in 
 
 a new perspective as probably more interactive, more 
 
 engaging, and tying things together better. 
 
               XXX:  I do think that this is a 
 
 problem for DOE.  And, you know, you've got to get better 
 
 at communicating the story.  Because you are about to have 
 
 a profound impact on individual lives with this money. 
 
 And you already are.  I mean, the money that's going out 
 
 through ARRA, you are touching so many people, and yet I 
 
 don't think those people know that it's DOE. 
 
               I'll give you an example.  When I was a 
 
 commissioner, I visited the home of a woman who was having 
 
 her home weatherized.  I climbed up on her roof, looked in 
 
 the attic, it was really cool.  I was wearing these heels, 
 
 so that was probably a little stupid.  But, you know, got 
 
 back down and she said -- I said, well, you know -- she 
 
 said to me, Well, Commissioner, you know, I'm going to be 
 
 able to take the money that I'm saving from these 
  







                  
 
 
 
 retrofits that I would've sent to SRP and I'm going to be 
 
 able to buy my kids textbooks and shoes for the first time 
 
 in a long, long time.  And so it's a profound individual 
 
 impact on these people.  And I don't think she had a clue 
 
 that the federal government was involved in that. 
 
               XXX:  That's interesting. 
 
               XXX:  So I don't know if it's -- it 
 
 is -- at bottom, I mean, I'm a former communications 
 
 director to a governor and a former reporter, so this is 
 
 not rocket science. 
 
               XXX:  Who did she give credit to, 
 
 by the way? 
 
               XXX:  Who did she think was 
 
 responsible? 
 
               XXX:  I don't know.  Probably maybe 
 
 more to the utility and to the state and maybe the 
 
 community action agency that was actually deploying it. 
 
               XXX:  Or coordinating it. 
 
               XXX:  So might be interesting to go 
 
 back and look.  Because I think that, you know, the 
 
 Environmental Protection Agency enjoys much more of a 
 
 positive image in the public's consciousness than you guys 
 
 do. 
 
               XXX:  Look at ENERGY STAR, anyway. 
 
               XXX:  The appliance rebates, who 
  







                  
 
 
 
 got those last year?  I mean, I got some of them.  I mean, 
 
 I put in a high efficiency heat pump.  Nowhere did it say 
 
 that this was from the Department of Energy. 
 
               XXX:  And EPA has ENERGY STAR -- we 
 
 invented a lot of the ENERGY STAR stuff.  I mean, CHP, we 
 
 actually did that program first.  But their PR, they were 
 
 allowed to hire PR firms to go out and market, and we were 
 
 not allowed to do that. 
 
               XXX:  I don't know.  It's case 
 
 specific, but certainly we don't do much of that.  NASA, 
 
 we often -- on the science side of DOE we often look at 
 
 NASA.  So the launch that just happened at the shuttle, 
 
 the payload is a DOE, the big magnet, the AMS. 
 
               XXX:  That's expensive, right? 
 
               XXX:  Right.  That's us.  We did that 
 
 for 15 years.  Do you hear the word DOE mentioned once? 
 
               XXX:  No.  I had no idea.  And this is 
 
 not a trivial point. 
 
               XXX:  10 million out of 2 billion. 
 
               XXX:  I would argue this is really not 
 
 a trivial point.  Because like I said yesterday, we are 
 
 at -- we are at a pivot point in this country in terms of 
 
 where the public is going, where Congress is going in 
 
 terms of both EPA's funding and DOE's funding.  So whether 
 
 or not you can communicate this and get the public on our 
  







                  
 
 
 
 side on this is nontrivial.  And it could be -- could 
 
 spell the difference between DOE being able to continue 
 
 with this work in the future or not. 
 
               XXX:  Particularly with a large part of 
 
 the population convinced that public servants are drones 
 
 that ought to be minimized. 
 
               XXX:  So recognizing that engineers 
 
 and scientists are particularly poor at communicating -- 
 
               XXX:  Some.  Some. 
 
               XXX:  Many. 
 
               XXX:  Yeah, many. 
 
               XXX:  -- communicating our impact 
 
 in what it is that we do, is the appropriate answer to say 
 
 that we just need to talk about what we do better?  Or are 
 
 there things that we should direct our focus to that we 
 
 either have not done in the past or have not done at a 
 
 sufficient level to have an impact? 
 
               XXX:  I was going to say it's important 
 
 to drive at this from a -- there is a fundamental reason. 
 
 Set aside beating yourself up from whatever happened in 
 
 the past because that doesn't make any difference, for one 
 
 thing.  The second thing is that for some people, just as 
 
 a counterpoint before I make my main point, you know, 
 
 people in the energy business don't have this problem with 
 
 DOE.  I mean, they've had lots of good interactions with 
  







                  
 
 
 
 the companies. 
 
               Now, what's different is -- this is where I 
 
 think you're going; this is important -- as the energy 
 
 system gets more attached to individuals -- individuals 
 
 historically, whether they bought gasoline or whether they 
 
 got electrons from their local utility, were basically 
 
 viewing themselves as generally victims of the system and 
 
 lived with what they got.  That's just the way life was. 
 
 Or if the prices were low enough, they didn't care because 
 
 it was invisible. 
 
               But if the system is actually -- I think 
 
 with smart grid, if the system is going to start to 
 
 materialize in a direct way with consumers, that's a 
 
 communication problem you didn't have in the past which 
 
 you now have.  So there is the question about not getting 
 
 enough credit for the science you do.  But I would argue 
 
 that many who understand -- will ultimately make that 
 
 decision understand that, so you don't have that problem. 
 
               But if you are starting to engage and you 
 
 believe that one of the hypotheses is that on the power 
 
 grid for sure consumers are going to start to be a bigger 
 
 driver in the system than they ever were before, then 
 
 there is a communication gap, because that gap you don't 
 
 cover.  So I think you've done a good job with the 
 
 industrial sector by and large. 
  







                  
 
 
 
               XXX:  But invisible to consumers. 
 
               XXX:  I think you also have to make 
 
 the -- start making some connection between what you're 
 
 doing and what that is going to do for people.  And, you 
 
 know, so for -- and start to sort of connect on a visceral 
 
 level with people in different -- maybe on a regional 
 
 basis, because what's important in New England is going to 
 
 be maybe very different than what's important in Arizona. 
 
               I can tell you two things to connect with 
 
 people or people connect with viscerally here.  One, 
 
 water, so the water energy nexus; two, air quality.  We 
 
 have one of the highest rates of childhood asthma in 
 
 Phoenix than anywhere in the country.  And if DOE can go 
 
 out there and spell out there to say this 304 million -- 
 
 or billion dollars we're spending on energy efficiency is 
 
 going to help clean up the air in Arizona, that's what 
 
 people need to hear or want to hear, and that's where you 
 
 can start to build popular support for what you're doing. 
 
               XXX:  One of the, I'll have to say 
 
 the ironies is just when the programs are starting to go 
 
 out into the consumer base, it happened to be also a time 
 
 where -- when I started at the Department 10 years ago, we 
 
 had regional offices to cover just what you're talking 
 
 about, New England, Boston slightly different than the 
 
 southwest which is different than Chicago which is 
  







                  
 
 
 
 different than the southeast.  And DOE over the last five 
 
 years or so has progressively pulled back from that local 
 
 and regional presence.  I would say along with that has 
 
 been that connection to the programs and to the 
 
 individuals.  And I think in some ways that relationship 
 
 not necessarily with industry but with the stakeholders 
 
 from a consumer perspective has somewhat been lost. 
 
               XXX:  That's right. 
 
               XXX:  Interesting. 
 
               XXX:  So I think there is that dynamic, 
 
 and I think that's an important dynamic for DOE.  This 
 
 is -- and this is a trend that is not going to reverse 
 
 itself I don't believe.  I think it's going to go the 
 
 other way.  So at the very least there's a segment of 
 
 your -- of interested constituents that is really going -- 
 
 this new segment is going to show up.  That doesn't mean 
 
 you abandon the old one.  But the old one works. 
 
               XXX:  Most people have no idea what 
 
 the Department does. 
 
               XXX:  That's correct. 
 
               XXX:  In fact, it is pretty 
 
 heterogenous.  We go from a diverse -- diverse is probably 
 
 a better word.  We go from the nuclear weapons to energy 
 
 issues to cleanup. 
 
               XXX:  Basic research, the university 
  







                  
 
 
 
 community knows about that. 
 
               XXX:  That's right.  And they see us 
 
 through that lens.  I mean, no sense of the rest of it. 
 
               XXX:  The nuclear impact is the thing 
 
 that probably sticks most in the mind of the public.  You 
 
 are the guys who are... 
 
               XXX:  Well, you know, the joke 
 
 characterization which you know is that we're a waste 
 
 removal company with an arsenal. 
 
               XXX:  So the message that I'm 
 
 hearing is that we are doing everything right; we just 
 
 need to talk about it better.  Is that the message I 
 
 should take away from this meeting? 
 
               XXX:  No.  I think you have to realize 
 
 you have a whole other set of constituencies that are 
 
 going to be much more active.  And this is what I think is 
 
 the new dynamic.  If you believe in the smart grid 
 
 paradigm, once consumers start to interact they'll either 
 
 like it, they'll hate it.  This looks just like what you 
 
 see across the rollout of smart grid.  There's people that 
 
 have embraced it, where things have gone well; there's 
 
 people that are on the porch with the shot gun saying you 
 
 move another foot and I'll kill you, which we have seen. 
 
               XXX:  California. 
 
               XXX:  So let's compare this with the 
  







                  
 
 
 
 Internet, high-speed cable, which is another 
 
 infrastructure that has sort of entered people's lives 
 
 over the last couple decades, touches everyone.  The FCC 
 
 presumably -- 
 
               XXX:  We're not very entertaining. 
 
               XXX:  But we make the entertainment 
 
 possible. 
 
               So are there parallels there that are worth 
 
 thinking about? 
 
               XXX:  By and large the Internet came 
 
 about on its own and regulated that. 
 
               XXX:  Cable touches everybody's 
 
 lives.  You interact with it. 
 
               XXX:  But the other is it delivers 
 
 differentiated content.  I mean, you know, we deliver 
 
 electrons.  There is a difference.  I mean -- 
 
               XXX:  But we also have green electrons 
 
 and regular electrons. 
 
               XXX:  Really?  Think the electrons know 
 
 about whether they're green or not? 
 
               XXX:  Spin up or spin down. 
 
               XXX:  As people begin to understand and 
 
 get more connected, I think there's going to be a 
 
 communication issue.  It needs -- but DOE, I would guess 
 
 in your management thesis there's very little talk about 
  







                  
 
 
 
 the fact that you're -- how you communicate to consumers. 
 
 I think you talk about how you deal with state 
 
 governments -- 
 
               XXX:  In fact, that's sort of -- 
 
               XXX:  -- maybe big industrial firms, 
 
 but not -- 
 
               XXX:  Why?  Why is that? 
 
               XXX:  I think it's viewed in the 
 
 political sphere as propaganda, mind control, you know. 
 
               XXX:  This administration is pushing 
 
 X.  OMB especially has been very, very -- 
 
               XXX:  Yes, you're pushing X.  Of 
 
 course you are. 
 
               XXX:  It's a good thing, too. 
 
               XXX:  That's the challenge we're 
 
 having with smart grid, is what should be our role in 
 
 educating.  We had this discussion yesterday.  Should this 
 
 be the Department's role, to educate end-users about smart 
 
 grid?  Would we be invading PUC state territory?  Would we 
 
 be invading utility's territory? 
 
               XXX:  I think not if you partnered up 
 
 with those PUCs.  I mean, I think that's another thing 
 
 that the DOE -- 
 
               XXX:  That's not how the last party 
 
 saw it at all.  If you were impacting the market in a 
  







                  
 
 
 
 five- or ten-year horizon, you were not doing your job. 
 
 You either were doing -- you really weren't supposed to do 
 
 long-term effects on things like hydrogen and not be 
 
 protecting the current market, the current budget. 
 
               XXX:  You mean the last 
 
 administration? 
 
               XXX:  It's a great excuse for not 
 
 doing anything. 
 
               XXX:  But we are doing -- 
 
               XXX:  I'm not being political. 
 
               XXX:  We are doing -- just to 
 
 clarify one thing, it's not that -- I agree with you it's 
 
 the partnership thing, which we are doing.  We are working 
 
 with PUCs and NCSL and NARUC in terms of educating on 
 
 smart grid and the benefits and transmission primaries as 
 
 an example.  But again -- 
 
               XXX:  As Don was saying, down to 
 
 the end user, the consumers. 
 
               XXX:  But, again, I mean, the role 
 
 is we -- if you look at all those publications, the 
 
 reference to DOE or sort of the resources, it's like one 
 
 sentence, thank you for your -- on like the fourth page, 
 
 Thank you for your support.  Which again it comes back to 
 
 then -- and, again, what's our role?  And I think that's 
 
 the question. 
  







                  
 
 
 
               XXX:  I think the larger issue 
 
 for the Department, from my perspective anyway, is the 
 
 lack of a national energy policy.  What are we promoting? 
 
 What are we selling?  That's really been like -- so no one 
 
 knows how to go after it. 
 
               XXX:  So, again, you can recite the 
 
 national goals as well as I, right?  At least in this 
 
 administration that's what we're trying to do, fix the oil 
 
 problem, U.S. competitiveness, and environmental impacts. 
 
               XXX:  As you said yesterday, 
 
 when was the last time we had a strategic plan? 
 
               XXX:  Oh, right. 
 
               XXX:  Are you talking Congress or the 
 
 White House? 
 
               XXX:  The White House. 
 
               XXX:  It's ironic to me that, I mean, 
 
 of all the federal agencies, you may have more touches on 
 
 individual people than any other agency. 
 
               XXX:  Well, that's interesting. 
 
               XXX:  I mean, think about it.  Think 
 
 about just your energy efficiency alone how many touches 
 
 you're getting into households, American households, and 
 
 they have no idea what you're doing. 
 
               XXX:  Everybody has a water 
 
 heater. 
  







                  
 
 
 
               XXX:  Right.  And that woman that had 
 
 her house weatherized.  And so I don't know.  Something to 
 
 really think along -- 
 
               XXX:  Even bulbs. 
 
               XXX:  Maybe it comes down to whether 
 
 that's palatable at the congressional level or not. 
 
               XXX:  There was that famous exchange 
 
 a couple months ago about light bulbs and flush toilets. 
 
               XXX:  Exactly.  That's exactly what 
 
 I'm talking about. 
 
               XXX:  So for the QTR, what is really 
 
 needed to really relate back to that exercise and what 
 
 goes into a broader DOE, longer term things we should try 
 
 to impact? 
 
               XXX:  Right.  So we were talking 
 
 during the break a little bit.  Actually the conversation 
 
 now would go sort of -- I mean, there is a story here to 
 
 tell, and it's about making the grid commensurate with our 
 
 expectations and plans and other dimensions.  And it's got 
 
 efficiency, it's got information, it's got all of the 
 
 things we kind of talked about. 
 
               It's about an industry that is not as 
 
 coherent as it needs to be to try to bring these things 
 
 about in a government role, in some technology, in 
 
 convening, in simulation.  And, you know, that is the 
  







                  
 
 
 
 rationale.  And then you can descend into particular 
 
 programs or programs that should be, whether it's in 
 
 storage or simulation, power flow control I mean, the 
 
 monitoring.  And I think that's in the end what the 
 
 document looks like, which provides a framework -- I think 
 
 it tells a coherent story and then integrates well into 
 
 the other pieces which we have not yet actually created. 
 
               So I don't know.  Does that sound right? 
 
 Again, it's a question of what goes into the resolution, 
 
 what goes into the detail, you know.  We don't want to get 
 
 too specific because that's the budget exercise, but 
 
 enough so you can explain to people why the DOE is 
 
 involved with this and why it's important. 
 
               XXX:  So part of modeling is also 
 
 verification and validation.  And there are a lot of 
 
 perspectives on what V and V constitutes for the grid. 
 
 You know, we have a facility that is going in at NREL 
 
 called the Energy Systems Integration Facility that is 
 
 fairly small and -- but it will enable validation of 
 
 technology and systems components at some level.  But I 
 
 also heard yesterday people talking about using entire 
 
 cities as test beds. 
 
               And so I guess from a technical perspective, 
 
 what is needed from the Department to go beyond the we 
 
 will create a model to we will make sure this model is 
  







                  
 
 
 
 useful and used? 
 
               XXX:  I think that's a really good 
 
 point, Avi.  I mean, ESIF is a really impressive 
 
 accomplishment I think of DOE, and I think it's going to 
 
 be -- I mean, I think it's going to be extraordinary and I 
 
 hope the utilities will use it.  And actually my 
 
 university is discussing some possible partnerships 
 
 between our Az SMART program and what we're doing in terms 
 
 of mapping the distribution grid at Arizona State 
 
 University.  I mean, we're a small -- Az SMART has the 
 
 participation of our utilities.  We're a small grid unto 
 
 ourselves.  And so I think there's -- there would be real 
 
 value to taking ESIF wherever, I'm not necessarily -- 
 
 obviously it would be great if it was with ASU, but 
 
 wherever you decide to do this to sort of pairing that 
 
 with a real live example, sort of.  And I think there's 
 
 lots of different places you could do it.  You could do it 
 
 within the university setting, you could do it with -- 
 
 pick a small city.  But, yeah, I think that's something 
 
 you should look at. 
 
               Again, I think that gives you also more sort 
 
 of exposure, public exposure to what you're doing. 
 
 Because ESIF is going to be fantastic.  It will be an 
 
 extraordinary tool for the utilities, but I'm not sure 
 
 then how much exposure you are going to have to average 
  







                  
 
 
 
 people, for average people. 
 
               Rob, what do you think? 
 
               XXX:  Well, one is I do see it as 
 
 a continual collaboration between NREL, the universities, 
 
 and utilities.  I never saw this as a one-time shot and 
 
 then turn it over.  It's going to start off a little more 
 
 so it can be managed, and then once it has proven out then 
 
 you can expand that and provide more applications of it. 
 
               But I think -- I tend to agree, but I see 
 
 that as a long-term element that will see some initial pay 
 
 back on it and then it can be expanded because we'll learn 
 
 a lot.  And it's like everything else here, there's just 
 
 so much complexity to this. 
 
               XXX:  Personally, I see it a little 
 
 differently, because I think ESIF is just one of our tools 
 
 that we have in the different labs.  And we need to take 
 
 advantage of networking and making sure that the labs are 
 
 coordinating across the states.  Because the tools set at 
 
 PNNL is different at Sandia, is different at NREL.  And if 
 
 you take them collectively, it's pretty powerful.  But 
 
 let's make sure we're not building redundancies that we 
 
 don't need. 
 
               XXX:  How should we be managing 
 
 these capabilities? 
 
               XXX:  For the conversations we have 
  







                  
 
 
 
 related to ESIF spending, I actually think that there is a 
 
 movement among at least the working level to self manage 
 
 that in terms of saying I at NREL recognize PNNL has this 
 
 better capability, they will take the lead in this project 
 
 and vice versa.  I think there is an opportunity right now 
 
 to give them a chance to do that.  We're talking about 
 
 exploring that with them on the -- 
 
               XXX:  I think -- I mean, from a 
 
 different perspective, I mean, ESIF is a very clear 
 
 example of a government-owned capability.  How should we 
 
 manage giving this capability to the nation?  How should 
 
 we manage access to it?  How should we manage funding and 
 
 opportunities? 
 
               There's been discussion of creating 
 
 technology user facilities that actually came out in the 
 
 last strategic plan.  And there are advantages to that. 
 
 When you go with the technology user facility model, you 
 
 have government stewardship, you can have an open 
 
 competition, you create name recognition, and you can pull 
 
 in -- you can choose from the best science and technology 
 
 development regardless of where it comes from.  That being 
 
 said, user facilities move pretty darn slow.  They have 
 
 annual competitions, business and utilities require much 
 
 greater flexibility. 
 
               So how should these types of 
  







                  
 
 
 
 government-owned capabilities be managed, funded, operated 
 
 to have the greatest impact for the country? 
 
               XXX:  We've done it before.  And maybe 
 
 Gil can talk about the Oak Ridge facility because we went 
 
 through both the creation and the ending of that and what 
 
 it did. 
 
               XXX:  I guess the question I think 
 
 is probably the seed of where you're going is there's 
 
 going to be a desire to use the facilities in my opinion 
 
 by the utilities, as an example.  I don't care if it's an 
 
 outdoor testing facility for the conductors or if it's at 
 
 an ESIF facility.  But how do you make sure it goes beyond 
 
 just that laboratory-utility relationship in that 
 
 particular project and that information and that 
 
 understanding gets disseminated more broadly?  And I think 
 
 that's something that is a more difficult question.  I 
 
 think to create it and the ways to have projects and 
 
 looking for sort of areas of mutual interest, that is 
 
 something that will develop and will occur on its own. 
 
               Engaging universities, fellowships, exchange 
 
 programs, teaching capabilities, that's another way to 
 
 expand it.  Having NARUC in summer sessions at the 
 
 laboratory so they can get an understanding of what the 
 
 technology is.  And it's really about opening these up as 
 
 vehicles for a broader dialogue on the clean energy issues 
  







                  
 
 
 
 and how the grid and the technologies and the policies and 
 
 the operations and the markets all are intersecting and 
 
 helping people understand their individual roles in 
 
 accomplishing the sort of the successful outcome. 
 
               XXX:  To do that you have to have a 
 
 core level of funding that's consistent, and that's been 
 
 missing. 
 
               XXX:  Because we lose -- part of 
 
 it is we lose expertise.  When we start -- there's the 
 
 project-by-project basis, but I've seen it on a lot of the 
 
 stuff I've worked on, in power electronics or Imre I'm 
 
 sure in the storage in the past where you go out and you 
 
 engage people who have the expertise in that area.  The 
 
 project blips or the utility just dies away from that 
 
 perspective, they go on to something else.  And regaining 
 
 that capability and that expertise just is something 
 
 that's very difficult to do.  And it doesn't mean that we 
 
 have to have a mortgage, but it does mean that I think we 
 
 need to be thinking strategically of how to maintain that 
 
 base so that broader body of users can -- 
 
               XXX:  Why did Congress zero you out 
 
 in the '90s several times?  I assume it was Congress. 
 
               XXX:  Yeah, it was.  Basically 
 
 zeroed out in '95, '96, and '97. 
 
               XXX:  Why was that? 
  







                  
 
 
 
               XXX:  They didn't like us getting 
 
 in -- coming up with saying what the solution should be 
 
 for some of the transmission issues, specific lines need 
 
 to be built.  So in the California crisis, blackouts 
 
 happened, as an example.  They were like, you know what? 
 
 Some congressmen got upset because we said X is a better 
 
 solution than Y type thing.  And any time we got close to 
 
 those kind of things it was like just zeroed it out 
 
 because we don't want you in the space. 
 
               XXX:  Interesting. 
 
               XXX:  But a users facility doesn't have 
 
 to do that, because people come and they do what they do 
 
 and they make the decision, they go away and they do 
 
 something. 
 
               XXX:  But that's the question you 
 
 have.  Still a lot of issues you touch on just given the 
 
 very nature of you're looking at a system that has 
 
 jurisdictional and regulatory and all these other 
 
 political sensitivities, it's how do you intersect with 
 
 those communities in the way that appears as an asset to 
 
 help their agenda and not a threat that goes against -- 
 
               XXX:  Look at the congestion study 
 
 history of the past ten years.  Congress ordered us, 
 
 mandated us to go do national congestion studies. 
 
 Congress zeroed -- you know, slapped us for doing it and 
  







                  
 
 
 
 said not in my district, kind of thing, are you going to 
 
 do something. 
 
               XXX:  Well, some of us think that 
 
 congestion study was flawed. 
 
               XXX:  Is it the same Congress, or 
 
 several years apart? 
 
               XXX:  At least one senator who 
 
 can remain unnamed but who had a large force in changing 
 
 the scientific and engineering analysis. 
 
               XXX:  But I understand the 
 
 sensitivity.  I'm sorry, Don. 
 
               I understand the sensitivity.  I get that. 
 
 I just don't know that you're going to have as much of a 
 
 problem -- and I could be totally wrong -- with this, with 
 
 ESIF, with some of the other initiatives because they are 
 
 elective.  I mean, the utilities can choose to go up there 
 
 and test and do the research and do the testing.  So 
 
 you're not hoisting it on somebody. 
 
               XXX:  But right now there is no -- in 
 
 my opinion no adequate commitment to the funding base for 
 
 ESIF.  The same problem existed when we started the Oak 
 
 Ridge facility.  And industries loved that facility.  It 
 
 didn't matter.  You know, it just didn't make the cutoffs 
 
 when it came to the budget decisions in terms of being a 
 
 critical piece.  And, you know, and in a given year it 
  







                  
 
 
 
 just was zeroed out. 
 
               XXX:  Don. 
 
               XXX:  Well, I think that's the key 
 
 question.  But having a capability and maintaining it over 
 
 a long term that would allow parties who have the 
 
 decision-making responsibility to come and do what they 
 
 need to do, as opposed to saying we are going to decide 
 
 what the program is, that's different.  And the user 
 
 facilities don't really do that.  They may have -- in 
 
 addition to that, there may be in fact the directive by 
 
 Congress to engage in specific things, like the advantage 
 
 computation facilities.  But by and large it's the people 
 
 who have the problems that show up and you enable them to 
 
 do it.  And the advantage that you have from such a 
 
 facility is because after you engaged in a lot of these, 
 
 you have been able to knit together leverageable knowledge 
 
 and capability. 
 
               And so I think the question is can such a 
 
 structure -- can such a facility be built around, whether 
 
 it's one facility or network of them, around the system 
 
 aspects, the understanding a system that's going to be 
 
 significantly higher in digital intensity and have 
 
 significantly higher dynamics, both temporal and spatial 
 
 dynamics.  And there is a system -- there is a modeling 
 
 part to it and information management part to it.  And 
  







                  
 
 
 
 then also as we've talked before in the past I think 
 
 there's a field validation part. 
 
               XXX:  I hope so.  I hope there can be. 
 
               XXX:  But that would be a different 
 
 picture of what you would do. 
 
               XXX:  Maybe it's different. 
 
               XXX:  Without judging whether you can 
 
 get it through, I would argue that would be a highly 
 
 valuable infrastructure to have. 
 
               XXX:  It would be. 
 
               XXX:  You're asking the right 
 
 questions, though.  I would imagine that before you did 
 
 Oak Ridge you didn't -- maybe you didn't have this 
 
 conversation and you weren't saying who do we -- what 
 
 stakeholders do we need to engage -- 
 
               XXX:  We had a national -- 
 
               XXX:  -- and get invested in it. 
 
               XXX:  -- technology roadmap for the 
 
 grid. 
 
               XXX:  But did you bring in PUC 
 
 chairmen?  Did you bring public utilities commissioners 
 
 in? 
 
               XXX:  FERC chairman, Pat Wood. 
 
               XXX:  Well, so what?  No. 
 
               XXX:  There is the whole problem right 
  







                  
 
 
 
 there. 
 
               XXX:  But I would say -- and maybe you did do all 
 
 this stuff before. 
 
               XXX:  Did we do it well enough?  Was 
 
 there critical mass?  You know, I can't speak -- 
 
               XXX:  There is a core problem with 
 
 the way the Department talks about the technology 
 
 programs.  The number of announcements of funding per 
 
 program dollar is like many orders of magnitude greater 
 
 than for the science programs.  We talk about ourselves as 
 
 if we were an ATM machine.  And so in the competition 
 
 between check writing and provision of service, our energy 
 
 programs undercut themselves every single day. 
 
               XXX:  I agree with that.  The other 
 
 thing is Oak Ridge is a science lab.  This kind of a 
 
 facility, science lab, was not a top-tier activity.  So, 
 
 you know, things became more important for the director 
 
 and that kind of thing.  So do we have a dedicated place 
 
 to do this kind of stuff?  The answer is no. 
 
               XXX:  But one thing hasn't been 
 
 discussed really.  Do you have the right program manager? 
  







                  
 
 
 
 If you have the right people to actually run the program 
 
 in an integrated way to deliver the services that you're 
 
 talking about and deliver the value for that facility, 
 
 it's not just the facility.  I mean, it's the people, it's 
 
 the capabilities, it's how it's put together, the 
 
 portfolio, the mechanisms that are put together to make it 
 
 attractive to industry and to value. 
 
               XXX:  So on the science side of the 
 
 house we do know how to run user facilities.  We do that. 
 
 But it's a different user base? 
 
               XXX:  But this idea that -- I think 
 
 this is an important part of the story.  We discussed how 
 
 distributed the grid is.  It's management, it's highly 
 
 regionalized interests that have different views.  So part 
 
 of the story is there is leverageable competencies that 
 
 span all of those, but the user facility itself would not 
 
 be driving the system but would provide useful facilities 
 
 for a whole diverse range of interests. 
 
               In other words, you would explicitly 
 
 acknowledge the regional differences, the utility 
 
 differences, the -- so you wouldn't be saying this is the 
 
 roadmap and we're going to charge down the road and are 
 
 you interested in getting on the train.  But you're more 
 
 of a -- 
 
               XXX:  You open it up. 
  







                  
 
 
 
               XXX:  -- switching yard.  You're 
 
 willing to support all kinds of trains and stuff coming in 
 
 and out. 
 
               XXX:  That's exactly what we have 
 
 done.  I mean, yes, I totally agree.  It's just -- and I'd 
 
 love to think that we're successful the next time we go at 
 
 it. 
 
               XXX:  But XXX's problem -- 
 
               XXX:  But you get cross ways with these 
 
 differences. 
 
               XXX:  Bring all comers, bring 
 
 collaboration.  How do we get the most information?  All 
 
 that stuff should be embedded in it. 
 
               XXX:  Something everybody in power can 
 
 get along with. 
 
               XXX:  This is another way of 
 
 convening, right?  Beyond information, it's facility, come 
 
 test this. 
 
               XXX:  Bridging the stakeholders. 
 
               XXX:  But I think trying to put 
 
 that in a budget that's got metrics that we will achieve 
 
 this this year and that next year and this next year is 
 
 like, ahhh.  Doesn't even fit that model. 
 
               XXX:  The metric could be establish a 
 
 user facility for the next ten years. 
  







                  
 
 
 
               XXX:  Although, I do have to say as 
 
 an ex-OMB guy the ability of the -- I mean, the reason 
 
 that the examiners get away with what they get away with 
 
 is that you guys never have a coherent story for what your 
 
 program purpose is.  There's nothing to judge against. 
 
 And -- 
 
               XXX:  Respectfully, I disagree. 
 
               XXX:  It's easy to clobber you guys. 
 
               XXX:  It's easy when there are lots of 
 
 people that want to go after us.  But to say that we've 
 
 not really actually -- frankly, I really object to it. 
 
 We've done as well at planning on certain activities, not 
 
 consistently across the board, as anybody else has.  Some 
 
 of the things that have sold have been on far less 
 
 research than we've done to create our programs.  So I 
 
 don't think that -- 
 
               XXX:  It would be good for us to see 
 
 and maybe it's already in the tech assessments, I mean, 
 
 what are those stories' rationales that you give, we give 
 
 for why we're in the grid space.  So I'd like to get some 
 
 of those documents if we could to see how you've been 
 
 telling the story. 
 
               XXX:  I mean, we -- wrong 
 
 administration, but we had -- the early stories, we had a 
 
 national energy plan, national transmission study, grid 
  







                  
 
 
 
 2030 roadmap, technical pathways to all this all laid out 
 
 systematically.  Didn't sell.  Didn't sell it.  Blackout, 
 
 blackout in the same time frame, 2003 time frame. 
 
               XXX:  You would think, right? 
 
               XXX:  Thirty days.  Get above the 
 
 fold, 31 days dead in Congress floor.  Dead.  Dead issue. 
 
               XXX:  Shock and trends. 
 
               XXX:  We'll talk more about why I 
 
 think the plans -- 
 
               XXX:  If there's a way to solve it, 
 
 great. 
 
               XXX:  Those type -- that specific 
 
 issue always tends to be a very emotional issue. 
 
               XXX:  The lights went out. 
 
               XXX:  How do you deal with the 
 
 emotion?  Blackout is easy because it has a lot of 
 
 attention for a short period of time.  But, for example, 
 
 you know, what would it take to get acceptance of 
 
 transmission facilities in the human and natural and 
 
 regulatory environment? 
 
               XXX:  We figured it out, but don't 
 
 write this down. 
 
               (Indiscernible.) 
 
               XXX:  One of our challenges in 
 
 this country -- you know, we used the Internet before.  We 
  







                  
 
 
 
 talked about cellular phones before.  When we went on the 
 
 path of going to the cellular phones, tremendous money of 
 
 infrastructure needed to be built to make them happen. 
 
 Now, there were individual battles, but for the most part 
 
 the population was fairly accepting with that new 
 
 infrastructure going on. 
 
               XXX:  Because it provided a service 
 
 that everybody wanted and it was a new service.  Right? 
 
 There's no incumbency. 
 
               XXX:  Right.  And again -- 
 
               XXX:  Lots of new business 
 
 opportunities. 
 
               XXX:  Sure, new business 
 
 opportunities.  Now, again, I would say that most people 
 
 want electricity. 
 
               XXX:  They've already got it. 
 
               XXX:  They already have it. 
 
               XXX:  And this is something that 
 
 we've dealt with a lot.  I will go down that path just for 
 
 a moment.  And the same thing with the Internet, is they 
 
 didn't have to see as much of that infrastructure to make 
 
 all of that happen.  What did they do?  A lot of that got 
 
 placed on the transmission infrastructure.  And so in 
 
 other words, all that infrastructure burden got placed on 
 
 those transmission or subtransmission or distribution 
  







                  
 
 
 
 facilities.  But they wanted it. 
 
               Now, I know one of the biggest battles when 
 
 you talk about a new transmission line and you've got any 
 
 type of community saying, well, we already have service so 
 
 why do we have to have a new transmission line and they 
 
 keep forgetting that they're already burdening some other 
 
 community for services.  So the question then becomes what 
 
 would it take, though, to have transmission facilities -- 
 
 I'm talking substations, lines, all the things that go 
 
 with it -- to help address the regulatory environment, the 
 
 natural environment, and the human environment? 
 
               XXX:  Consumer benefit packages.  Can 
 
 we do something for New Hampshire to get a line through 
 
 New Hampshire right now?  What's the benefit to the guys 
 
 who are just going to watch the electric companies? 
 
               XXX:  Buy them off. 
 
               XXX:  It's very specific.  It's not a 
 
 universal outcome. 
 
               XXX:  I would say it can be 
 
 specific.  I think there can be some very large generic 
 
 issues and then there will be very tailored issues. 
 
               XXX:  The issues are the question about 
 
 how you address some of those.  But every -- in a sense, 
 
 for transmission every project is -- you're talking about 
 
 a project at a time. 
  







                  
 
 
 
               XXX:  Just the spaghetti chart, 
 
 you got to start somewhere at the top. 
 
               XXX:  Maybe.  But what if most people 
 
 say no, we're not going to do it.  I want to solve my 
 
 problem, not your problem. 
 
               XXX:  You're down to a project 
 
 again. 
 
               XXX:  The benefits have to look at the 
 
 trade-offs and say what is -- anybody that's impacted by 
 
 this, what's in it for them. 
 
               XXX:  So getting people to think 
 
 beyond a local level into a regional or national level, 
 
 right?  And that's very hard. 
 
               XXX:  Right.  If DOE, though, 
 
 wants to help promote an energy policy that has very 
 
 different characteristics than we have today, where does 
 
 that need to be in the year 2030 or the year 2040, and 
 
 then what's it going to take to make that happen?  And one 
 
 of those things is how do we go there, or whatever year 
 
 you want to pick.  But somehow if you see that changes in 
 
 the transmission facility is going to be part of that 
 
 goal, what do we do to make it acceptable? 
 
               XXX:  I think the challenge with all of 
 
 these is who is we?  Is it you as the utility?  Is it me 
 
 as a consumer?  Is it the nation as a whole?  This is 
  







                  
 
 
 
 always the battle.  Because we don't make "we" decisions. 
 
 Specific groups make decisions.  And I may not -- I mean, 
 
 some groups will say I don't like that.  I'm not in your 
 
 we.  I quit.  And that's what we see all the time. 
 
               XXX:  Say at the very least it is the 
 
 enhanced -- enhancing somehow the perception across the 
 
 country that these are important, imminent issues as 
 
 society develops, evolves, we electrify everything, and, 
 
 hey, we had better do something about it or you are going 
 
 to get caught, blackouts, brown-outs, whatever the issue. 
 
               XXX:  We have learned to deal 
 
 with it in other areas better.  Every city knows that they 
 
 have waste and so they have to find a way to deal with 
 
 either landfills or some other type of process.  It's the 
 
 same thing with water facilities.  It's the same thing 
 
 with transportation.  We have to find a way to manage what 
 
 transportation needs are.  When cellular phones were 
 
 coming out, we had to find a way to deal with cellular 
 
 structures, so on, so forth. 
 
               It seems like in almost every other industry 
 
 we have done a much better job as compared to electricity. 
 
 Take a look at the freeways here.  How many of you have 
 
 had a chance to drive around here?  Freeways are 
 
 desirable.  In fact, the cities here now fight over the 
 
 freeways coming into their area. 
  







                  
 
 
 
               XXX:  Right. 
 
               XXX:  And I would argue to say 
 
 that not far from here you could have a stretch of the 
 
 freeway people love to visit.  And this is the     up 
 
 through Scottsdale.  In fact, they were crying over having 
 
 some other freeway torn out for improvements because they 
 
 liked the look of it so much.  We don't have any of that 
 
 when it comes with respect to transmission. 
 
               XXX:  That's not true.  Everything -- 
 
               XXX:  In fact, it's the opposite 
 
 in -- 
 
               XXX:  Can't extend the 710 freeway in 
 
 LA.  We've been trying to do it for 40 years and can't get 
 
 it done. 
 
               But I think the question is what is DOE 
 
 supposed to do about this.  Are they supposed to have a 
 
 program that engages in these important studies that 
 
 provide election capital, therefore, to others to make 
 
 decisions? 
 
               XXX:  Which DOE has been doing 
 
 anyway for a long time. 
 
               If you don't mind, I'm a very technical 
 
 person.  I will bring up a couple of things that I feel 
 
 DOE could do.  Because DOE has a role that is different 
 
 from any other because very few agencies here that could 
  







                  
 
 
 
 actually combine many different organizations together in 
 
 the industry.  DOE and FERC.  I mean, your people that -- 
 
 in fact, most of the (inaudible).  If somebody else says 
 
 let's get together and dream up something, people -- like 
 
 you said, somebody is going to join the we and somebody is 
 
 not going to join the we. 
 
               So there are certain things that I think DOE 
 
 could take a unique role in the industry that could bring 
 
 together the right talents maybe.  And I think what Gil 
 
 had at Cornell is one of very good practice if you have a 
 
 facilitating targeted discussion of the people from 
 
 different industries bringing together people that usually 
 
 don't meet together: IBM, Cisco, utility companies with 
 
 our industry.  I think that's definitely a very good thing 
 
 that you could keep doing. 
 
               Another thing, I was talking about the 
 
 future grid architecture.  Again, if somebody says let's 
 
 get together and think what the future grid architecture 
 
 will be, there will be 15 more similar entities that will 
 
 do the same thing.  So there's no one in this area that 
 
 groups try to steer this thing.  FERC is actually trying 
 
 to at the moment do that in markets domain.  Dick O'Neal 
 
 is scheduling this annual conference where we'll be 
 
 discussing where the market is going to go, the 
 
 electricity market.  In the future what kind of software 
  







                  
 
 
 
 tools are needed, where are we deficient. 
 
               So similar things in the grid I think is 
 
 very important, very concrete.  We need to push grid 
 
 optimization technology as definitely something that 
 
 emerges anywhere.  Anywhere you go, talk to engineers and 
 
 people that try to deal with future grid, we need new 
 
 nondeterminant organization.  Trying to boost it, bring 
 
 people from outside our industry is important. 
 
               We talked about simulator.  I think you're 
 
 not doing very good job in advertising what you have.  In 
 
 fact, if you need to -- for example, Argonne has EMcast. 
 
 We just talked about the simulating behavior of the 
 
 consumers. 
 
               The EMcast simulator that Argonne developed 
 
 already does that.  But if somebody wants to do that, they 
 
 are not going to believe that hiring some consultant that 
 
 don't even have the tool, and then the reputation of 
 
 somebody who can do that I don't think is there.  I think 
 
 you can do much better job in bringing out the labs as a 
 
 source of that kind of consulting service. 
 
               I'm not sure if that should be -- how funded 
 
 that service should be and so on.  But that's not my 
 
 strength.  I actually try to steer away from things like 
 
 this. 
 
               I also feel that anything that you do with 
  







                  
 
 
 
 trying to work in the future production is policy 
 
 forecast.  Who is in better shape?  I mean, it's the worst 
 
 possible task or problem to solve, what the policy -- it's 
 
 so much like four years discrete. 
 
               XXX:  We don't get to do that.  We 
 
 can talk about the impacts of particular policy choices. 
 
               XXX:  The problem is when we trying 
 
 to do this kind of outlook in the future, that's the most 
 
 difficult certainty we are facing.  And how to deal with 
 
 that, it's good to be silent here and demand different. 
 
               We talk about transmission to utilization. 
 
 I think what we didn't touch on in these two days is 
 
 high-performance computing.  High-performance computing 
 
 and how we actually could marry it with our needs in the 
 
 industry is another thing that might require certain 
 
 additional -- 
 
               XXX:  Are you talking about 
 
 high-performance computing for planning, operation, both? 
 
               XXX:  Both.  I would say the 
 
 operations is a higher need than planning, but we do have 
 
 a need in planning to do certain things because of the -- 
 
 not necessarily be in the interest of DOE, but new 
 
 capacity marketers has brought up some new needs where you 
 
 have to run massive amounts of reliability studies in a 
 
 very short period of time. 
  







                  
 
 
 
               I'll give you an example.  When you have an 
 
 option that has multi-round option, and each round within 
 
 literally a couple of hours you have to run a tremendous 
 
 amount of number of studies, not necessarily because it's 
 
 the way it is, it's because sometimes we design markets 
 
 not the best way.  We do need some of these kind of 
 
 things. 
 
               But in operations, definitely, especially 
 
 with programming, you need multi-scenario analysis, you 
 
 need much faster tool.  When I talk to IBM they tell me we 
 
 running these integrated surges, transient stability 
 
 studies in minutes literally with huge systems, 
 
 $300 million element.  I said I can't really believe that 
 
 is true.  So we met with them.  Turns out that they run a 
 
 linear analysis.  But they do have nonlinear analysis as 
 
 well; it's much bigger system and their systems 
 
 (inaudible).  So it's definitely a cross-pollination that 
 
 could be happening if we have a facilitator for that. 
 
               So we talked about transmission 
 
 optimization.  I think it's definitely a direction, 
 
 because we are not running optimization except for in 
 
 operations.  And planning, planners don't even have a 
 
 concept of optimization.  When they try to run some how to 
 
 make decisions, they run hundreds of power flows instead 
 
 of running a couple of OPMs.  And that's an education, 
  







                  
 
 
 
 plus the lack of good software a little bit.  In 
 
 operations as well, if you run a lot of the optimization 
 
 online you can utilize more optimization than we do today. 
 
               XXX:  Is it a fair characterization 
 
 to say that the majority of planning software is 
 
 economically driven rather than operationally or 
 
 functionally driven? 
 
               XXX:  I wouldn't say that. 
 
 Actually, very, very few planning organizations do least 
 
 cost planning.  And it's a problem, by the way.  Not very 
 
 easy to answer.  Plus we don't have a good idea why we are 
 
 running probabilistic analysis and then on top of it 
 
 trying to do the (inaudible) analysis.  There's really no 
 
 clear framework for planning at the moment.  We do some 
 
 research. 
 
               One last thing is we talked -- not the 
 
 least.  We talked about the storage technology, trying to 
 
 show what we could do with it even if it's not yet 
 
 economically feasible.  And some people do that kind of 
 
 research.  But just showing some very out-of-the-box 
 
 solutions that could come with it I think is an excellent 
 
 topic to do.  Creating a lot more desire for people to 
 
 push technology. 
 
               XXX:  So that's your list of what the 
 
 Department -- 
  







                  
 
 
 
               XXX:  That's my list.  I will stop 
 
 there. 
 
               XXX:  I'm curious as to how that 
 
 lines up with what we are doing -- 
 
               XXX:  This is specifically -- 
 
               XXX:  Yeah, yeah. 
 
               -- what we are doing or what you think we 
 
 should be doing.  None of it sounds bad. 
 
               XXX:  I hope not. 
 
               XXX:  No.  I mean, there have been 
 
 discussions in terms of some of these computational.  I 
 
 think part of it is I would say as a Department one of the 
 
 things we've realized over the last several years, more so 
 
 than we have in the past, is the fact that no one 
 
 division, no one area has complete ownership of all of 
 
 this. 
 
               I think the high-performance computing, the 
 
 computational research area is something where we're 
 
 really saying we need to focus on how we can help Office 
 
 of Science.  And NSF and EERE and OE can come together 
 
 collaborative to help address some of the industry's 
 
 concerns in this area.  Whereas before I would say -- and 
 
 this is going back even six, seven years -- it was much 
 
 more the stovepipes often prevented some of this forward, 
 
 cross-disciplinary discussion. 
  







                  
 
 
 
               And I think that's the other part of it is 
 
 in the grid area it's no longer just an ASU research 
 
 purpose, for example.  It's no longer about just 
 
 electrical engineers approaching this problem.  What we've 
 
 heard today, it's about the economics, it's about the 
 
 policy, it's about the human factors, it's how to deal 
 
 with the people, the electrical engineering.  I mean, the 
 
 entire field of what power systems is and what grid is 
 
 about has changed dramatically. 
 
               And how we start creating programs that 
 
 leverage this understanding -- because there's 
 
 break-throughs that -- network theory.  That was one of 
 
 the things that came up at a meeting recently, the 
 
 break-throughs in that.  How does that apply to the grid 
 
 and understanding the flows and the control architectures? 
 
 It's just new concepts that I think we're just starting to 
 
 cross pollinate and really starting to try to influence 
 
 where some of these programs are going. 
 
               So I would say I think all the stuff that 
 
 was there was exactly where I think as an office we've 
 
 realized we needed to go.  I say it's -- to accomplish it 
 
 we need to think institutionally about how we need to 
 
 change ourselves to be able to adapt and meet these needs. 
 
               XXX:  I think we've seen that -- I 
 
 know you took this off the table; I will put it back for a 
  







                  
 
 
 
 second.  But the funding issue really is critical.  Just 
 
 look at storage.  This administration supports storage at 
 
 40 million.  It came in at 20 million, half of what was 
 
 planned and could be executed.  So it's that uncertainty 
 
 of that, how do we truly address that consistently. 
 
               XXX:  Do you feel like you have 
 
 enough easy communication across the Department so that 
 
 you can talk to ASCR, EE about these things? 
 
               XXX:  The answer is it's really mixed. 
 
 And having spent a lot of time in the last year trying to 
 
 do that, I mean, yeah.  It gets into personalities, it 
 
 gets into programs, how they say -- cultures. 
 
               XXX:  Money. 
 
               XXX:  Money issues.  All of those 
 
 things impact that.  And so it's very inconsistent. 
 
               XXX:  I would say there's -- a lot 
 
 of the dialogue that's occurring at a working level is due 
 
 to the personal relationships that individuals have.  The 
 
 program manager doing the algorithm development on the 
 
 ASCR side.  I think what is lack -- if I may be free in 
 
 saying so, I think what is lacking is an institutional 
 
 structure that allows that dialogue to occur on a more 
 
 formal basis.  And how the Department can start bridging 
 
 that in a way that allows the leadership within those 
 
 divisions to say, yes, this isn't something just about my 
  







                  
 
 
 
 area but I see the value in working with these other 
 
 organizations to my own organization, I think that's 
 
 something that really hasn't been fully understood or 
 
 appreciated or captured as we start thinking strategically 
 
 about where individual organizations need to go. 
 
               XXX:  Sometimes it's just lack 
 
 of incentives. 
 
               XXX:  In storage it works quite well. 
 
 I mean, we have joint program reviews, we have joint 
 
 planning exercises to develop strategic plans, we have 
 
 joint projects, particularly with RP, but also with basic 
 
 energy sciences and EERE.  We work with hydro power folks. 
 
 We work with the wind people and particularly the solar 
 
 people because of the PV angle.  I think at least for the 
 
 last year or year and a half during which storage has 
 
 become -- has moved toward the forefront we have created a 
 
 very efficient and friendly system. 
 
               XXX:  XXX, is that because storage 
 
 is widgetized and it's very easy therefore to see the 
 
 boundaries of both where it both intersects with and then 
 
 overlaps other concerns? 
 
               XXX:  No.  And I wouldn't even say it's 
 
 particularly widgetized because we have the entire gamut 
 
 from the research, which is basically -- is applied 
 
 research but it's fairly basic, through demonstrations, 
  







                  
 
 
 
 which has to be cost shared with the states and others, 
 
 through venture capital involvement, the loan guarantee 
 
 office.  I mean, it moves along that whole chain. 
 
               XXX:  Right.  But in the end the 
 
 concept of storage is a battery or a case. 
 
               XXX:  Okay.  You're right. 
 
               XXX:  So it's widgetized and you 
 
 can understand -- 
 
               XXX:  We come with a product. 
 
               XXX:  -- that versus the challenge 
 
 for the grid is what is the product, what is the metric. 
 
               XXX:  You're right. 
 
               XXX:  I think it's -- maybe I look at 
 
 it differently.  We spent a lot of time on storage last 
 
 year on TRO, what the roles were between organizations. 
 
 We came up with a model structure that applied across the 
 
 Department and included John Vetrano's work on the battery 
 
 storage outfits and coming and kind of embraced all those 
 
 things together.  And Imre kept -- I mean, personal 
 
 relationships go back to the transportation battery work 
 
 kind of thing. 
 
               So I'm not sure how you -- the way you 
 
 replicate it is you have enough critical mass and enough 
 
 people to think -- you place the right buyers at the table 
 
 and then you have a commitment.  And there was a top-down 
  







                  
 
 
 
 commitment, storage will be fixed because there were 
 
 certain things on the Hill that were driving that 
 
 activity. 
 
               XXX:  Do you think that the structure 
 
 across the Department now, and storage is as an example, 
 
 will endure?  I mean when the current political leadership 
 
 changes out. 
 
               XXX:  I think there's a good chance 
 
 that storage will because the people involved in it are 
 
 committed that it's a good idea.  And we specifically 
 
 spent a lot of time talking about what role do we want to 
 
 be.  For example, the cross storage team said we don't 
 
 want to be a pod; we want to be a communication group 
 
 between these entities.  We think that's -- for this 
 
 function is what we need.  It's too broad to be a pod, 
 
 single goal kind of activity, that coordination has value. 
 
 And I think that will endure as long as the program 
 
 managers that are in it and are committed to it are there. 
 
               XXX:  It's a social network as well as 
 
 a scientific network. 
 
               XXX:  That's perhaps more important. 
 
               XXX:  But so the one thing that I 
 
 see in XXX's presentations and the corresponding 
 
 presentations for the mobile platform energy storage is 
 
 there are targets.  Right?  Dollars per kilowatt, dollars 
  







                  
 
 
 
 per kilowatt hour.  You have gravimetric targets, 
 
 volumetric targets, all these other things. 
 
               What is the target for better grid models? 
 
 And how can we then translate that to something that could 
 
 be addressed via this successful model? 
 
               XXX:  That's a great question. 
 
               XXX:  Why does it have to be the 
 
 same model? 
 
               XXX:  Well, it hasn't been 
 
 successful being unique. 
 
               XXX:  So you -- 
 
               XXX:  Have we tried? 
 
               XXX:  My understanding, how do we 
 
 know we've improved the grid? 
 
               XXX:  Yeah. 
 
               XXX:  I don't think we have a very 
 
 good understanding.  I don't think we have a good answer 
 
 to this. 
 
               XXX:  We don't have a good answer. 
 
               XXX:  You may not know until you -- I 
 
 mean, you may never know.  The answer is how do you know 
 
 if you've been successful is if things don't implode on 
 
 themselves. 
 
               XXX:  The challenge requires a 
 
 different approach. 
  







                  
 
 
 
               XXX:  Success is a ten-year dedicated 
 
 effort to it.  If you've got that and you've gone through 
 
 eight years, you're feeling pretty good about it. 
 
               XXX:  You need clear objectives, 
 
 what your objective is.  If you don't know then how do you 
 
 manage it. 
 
               XXX:  To get at the heart of what you 
 
 want, I don't think we know how to do it in that area.  I 
 
 don't think we really know because it's not as simple to 
 
 define I want $100 per kilowatt hour or I want a dollar a 
 
 watt. 
 
               XXX:  The light source.  What are the 
 
 objectives? 
 
               XXX:  Which light source? 
 
               XXX:  Any of the light sources. 
 
               XXX:  You know, in other words, if you 
 
 take one of the user facilities -- 
 
               XXX:  Fine.  So the objective is so 
 
 much brilliance.  I mean, I can write you technical specs. 
 
               XXX:  For the technical ones.  But in 
 
 terms of operating the facility and delivering -- 
 
               XXX:  Oh, service 30,000 users, stay 
 
 up -- 
 
               XXX:  That's what I'm saying.  That's a 
 
 different type of metric, in other words, than saying I'm 
  







                  
 
 
 
 going to fund this research and I will drive down.  This 
 
 says I'm going to be able to support activities of     
 
 utilities or however many people show up.  And they have 
 
 the objectives. 
 
               XXX:  But you've got to start with 
 
 the technical specs, also.  I will build a model that is 
 
 validated to the 10 percent level against these 
 
 benchmarks, et cetera. 
 
               XXX:  Technical specs with the platform 
 
 you're constructing.  But the people that come and do 
 
 things on the platform are the other -- that's the reason 
 
 you do it. 
 
               XXX:  That's right. 
 
               XXX:  One is a matter of engineering 
 
 the right platform.  One is the reason you have it. 
 
               XXX:  And a lot of the energy 
 
 programs were lacking -- 
 
               XXX:  So a user facility doesn't have 
 
 this "I'm going to drive component X to a certain 
 
 performance level."  That's not your objective.  That's an 
 
 objective that somebody comes and uses the facility. 
 
               XXX:  -- were lacking the -- 
 
               XXX:  This is a high-performance 
 
 computing it looks like. 
 
               XXX:  But the problem is a lot of 
  







                  
 
 
 
 the energy programs were lacking the policy clarity as to 
 
 what the programs were there for.  And the science -- 
 
 Office of Science is trivial. 
 
               XXX:  Well, we've got a problem with 
 
 high-performance computing.  I mean, you know, I can say 
 
 we're going to try to build X system, but I can't tell you 
 
 exactly what good that system is going to do for you. 
 
 It's not, let's say, stockpile stewardship where you know 
 
 that Seymour Sack is going to retire and you have to have 
 
 Seymour's brain in the machine or something like that.  So 
 
 it's not -- the goals are not as crisp as you would like. 
 
               XXX:  You are providing a capability. 
 
               XXX:  Providing a capability.  That's 
 
 right. 
 
               XXX:  We discussed two things.  One 
 
 is we have a new technology that hasn't been tried in the 
 
 industry.  And for me, for example, I bought two of these 
 
 computers.  I just -- even though I have them, I don't 
 
 really have time or resources to conduct them on a fast 
 
 pace.  I'm talking, for example, GPU-based technology.  We 
 
 already have a package at the moment (inaudible) that 
 
 deals with sparse (inaudible).  Somebody could take it and 
 
 say I have implemented the major power flow.  Take couple 
 
 of the major applications and say this is something worth 
 
 pursuing.  And then there will be people who will take it 
  







                  
 
 
 
 from there. 
 
               XXX:  Sort of just port these 
 
 standard codes to parallel architecture. 
 
               XXX:  So if nobody specifically at 
 
 the moment maybe has either time, dedicated time or 
 
 resources, even though I bought it but I don't have -- I 
 
 thought I had, and then I got couple more things that my 
 
 boss has given me and that becomes very low priority. 
 
 Somebody could put it on their plate and say let's see if 
 
 that works. 
 
               We talked about cloud computing, being able 
 
 to use cloud computing again in the smart grid.  They seem 
 
 to be very conducive, but again there's huge barriers that 
 
 have to be dealt with before you can actually apply 
 
 because it's based on -- the economics of cloud computing 
 
 are based on lower reliability of the actual information. 
 
 Can we create a smart grid that doesn't require that kind 
 
 of -- maybe we can.  But we don't really have that.  And 
 
 so specifically somebody who is interested to do that, 
 
 there's very few entities that could be doing this. 
 
               XXX:  But would make it available 
 
 broadly once it's done. 
 
               XXX:  Right.  Once you have certain 
 
 directed effort, then you could say this is really worth 
 
 pursuing.  This is what we proved may be the concept 
  







                  
 
 
 
 already.  And the labs have the talent, they have the 
 
 right timing and right priorities, that's something that 
 
 could be done.  Again, I'm saying that there's an entity 
 
 like DOE has unique position where you don't really have 
 
 to try to make it somebody so interested they would do it. 
 
 You can just say let's do it. 
 
               XXX:  But then there is the issue of 
 
 maintaining it and so on. 
 
               XXX:  Then how far you want to go, 
 
 whether you want to create a commercial product or just I 
 
 want to promote this rather than -- there will be people 
 
 that will create commercial products.  The vendors will be 
 
 happy to do that.  But the way the vendors today, their 
 
 business models are such that they need up front, somebody 
 
 to pay them to do the research.  They just don't work 
 
 differently.  So nobody pays them. 
 
               XXX:  Technical software as a product 
 
 is not a business. 
 
               XXX:  If I want to do something 
 
 like this, my boss is telling me no, we don't.  The way 
 
 the market is designed, forget about it.  So I really 
 
 can't justify that work. 
 
               XXX:  We're close to the appointed 
 
 hour.  Are there any things we have forgotten or need to 
 
 revisit? 
  







                  
 
 
 
               XXX:  Just one thing we didn't talk 
 
 about today but probably deserves an extended discussion 
 
 in itself is the whole issue of cyber security, cyber -- 
 
               XXX:  Oh, yes. 
 
               XXX:  -- for the grid and all the 
 
 complexities of agencies it deals with. 
 
               XXX:  How much is that really on 
 
 people's mind?  I mean, people bring it up all the time, 
 
 but you look at what we're actually doing and trapping the 
 
 confusion within the government about roles and 
 
 responsibilities, you get a sense that people like to talk 
 
 about this more than they like to actually do something 
 
 about it. 
 
               XXX:  I think if you get to the 
 
 executive groups in the utilities and energy companies 
 
 it's clearly broken through the waves, as has the 
 
 emergence of this -- the APT, advanced persistent threat 
 
 issue, state sponsored. 
 
               XXX:  I agree. 
 
               XXX:  The reason we have seen these 
 
 things come through is because people have been at them 
 
 for -- most people would think, I would believe they've 
 
 been working on these for at least five years.  I would 
 
 argue that many systems are already infected; we just 
 
 haven't -- the threat hasn't been turned on yet.  So I 
  







                  
 
 
 
 think this is a huge issue.  And normal cyber defense and 
 
 software do absolutely zero.  I mean zero.  They can't 
 
 even find it.  So this is an entirely different level of 
 
 threat. 
 
               XXX:  I think that's one of the 
 
 big challenges we have like with the electric 
 
 infrastructure and cyber security, is telling the story 
 
 that the solution that we need for the power grid and the 
 
 energy infrastructure are different than the solutions you 
 
 need for desktop computing.  And the government is 
 
 spending billions on cyber security for desktop computing. 
 
 But the only one that's really working on cyber security 
 
 for the energy infrastructure and the cyber physical 
 
 interfaces and how to do that is DOE and others, spotty 
 
 places. 
 
               XXX:  How much do we spend? 
 
               XXX:  Thirty million. 
 
               XXX:  Do we leverage the labs across 
 
 for deep expertise in this?  Do we leverage that? 
 
               XXX:  They have deep expertise 
 
 in IT. 
 
               XXX:  Fine. 
 
               XXX:  What's missing is that 
 
 intersection of the power systems guys and the IT guys. 
 
 And then the threat, the intelligence piece, you overlay 
  







                  
 
 
 
 those three. 
 
               XXX:  So we haven't put that 
 
 together? 
 
               XXX:  We've tried to put that 
 
 together, but we haven't been successful. 
 
               XXX:  How do you trade off between 
 
 how much you put money into security and what the outcome 
 
 is?  Because if you let security people decide, they 
 
 will -- 
 
               XXX:  Fine.  That in the end is a 
 
 pretty high level decision. 
 
               XXX:  Very difficult. 
 
               XXX:  We can give the cost trade, but 
 
 in the end it's a policy decision about where you -- 
 
               XXX:  I think our role is -- 
 
 what we're heading towards is trying to build resilient 
 
 systems that can actually withstand, survive certain 
 
 attacks and still keep on operating, some sort of 
 
 resiliency.  That's our longer term vision. 
 
               XXX:  It is a very clever approach 
 
 because you can't just brute force say we have to protect 
 
 everything, because for every protection there is 
 
 antiprotection. 
 
               XXX:  Do we own that?  Where is DHS 
 
 in this?  Where is -- 
  







                  
 
 
 
               XXX:  We have partnered with DHS 
 
 on some of these things.  And actually Don, I know he has 
 
 partnered with them, too.  But we're funding a pretty 
 
 significant effort, university effort, at University of 
 
 Illinois, and DHS is putting some funds in as well.  So we 
 
 have a working group that oversees a lot of that. 
 
               XXX:  We also put cyber security 
 
 requirements into all our ARRA specs. 
 
               XXX:  But this question of what 
 
 requirements do any good, I mean, this is the real issue. 
 
 But I think the question is more of how do you, DOE, 
 
 contribute a capability and perhaps programatic funding to 
 
 what is not a solvable problem; it's just an ongoing 
 
 capability.  Your ability to manage the level of threat, 
 
 the level of threat will continue to get greater as the 
 
 technology -- as IT gets better, the threat gets bigger. 
 
               XXX:  There are commonalities with 
 
 the other infrastructure systems. 
 
               XXX:  Absolutely.  I think if you think 
 
 critical infrastructure, oil and gas, power, shipping, 
 
 ports. 
 
               XXX:  Chemical plants, refineries. 
 
               XXX:  And each of them is different, 
 
 but they all have the same characteristic.  This is not 
 
 solvable; it is only manageable.  That's the first thing. 
  







                  
 
 
 
 Most management teams when I talk to them, that's the 
 
 first one they ask, they go, oh, gee, what do you mean you 
 
 can't solve it?  It's not solvable. 
 
               XXX:  But you go to the defense world 
 
 and everybody understands that.  It's an evolving -- 
 
               XXX:  Yes.  But that's the paradigm 
 
 shift that they have to get across.  This is a capability 
 
 you have to have.  So I think it gets back to the same 
 
 thing, what is the DOE's role in helping.  I think it's 
 
 particularly true for utility management, which has 
 
 historically been in a different place on IT than some of 
 
 the other infrastructures that are much further along. 
 
               XXX:  DOE's role should be not IT 
 
 people make decision, but -- 
 
               XXX:  It's a business process.  It's 
 
 not -- that's the second thing they have to realize.  They 
 
 can't go to the CIO and say you fix it, because it's a 
 
 business issue; it's not an IT issue.  You have to have IT 
 
 weapons, but that's not -- a strategy of the war can't be 
 
 driven by IT. 
 
               XXX:  That's the best thing you can 
 
 do is make sure decisions are not made by IT. 
 
               XXX:  But I think this is another area. 
 
 I think this is a very fluid area and the kind of thing 
 
 from a strategy point of view is when the first really bad 
  







                  
 
 
 
 event happens -- which is an inevitable outcome here, I 
 
 believe.  In the next couple of years, there will be some 
 
 major -- some major piece of the power system will get 
 
 taken control of and then we can get some action. 
 
               XXX:  It will get exciting when that 
 
 happens, yes. 
 
               XXX:  But as we try to intersect 
 
 this future, as you were saying the grid needs to be more 
 
 flexible and be more controllable, the challenges upon us 
 
 continue to grow. 
 
               XXX:  Robust. 
 
               XXX:  More compartmentalized and 
 
 the damage control. 
 
               XXX:  So for the justification of a 
 
 grid program, I was wondering would enabling an 
 
 electrically serviced economy be a good goal or like an 
 
 umbrella goal for all the research and work that we're 
 
 doing?  Just throwing it out there. 
 
               XXX:  Comes down to the detailed 
 
 choice of words, but I understand. 
 
               XXX:  I think so.  I mean, because I 
 
 think that's where we're going.  And so I think as you are 
 
 all trying to figure out where to put your resources, I 
 
 think that you should -- that you should formulate it that 
 
 way, understand it that way, and target things that are 
  







                  
 
 
 
 calibrated to support that future. 
 
               XXX:  So DOE's role is a vision 
 
 setting role?  So if we have this vision -- 
 
               XXX:  Having an electrical economy -- 
 
               XXX:  Service economy, yeah. 
 
               XXX:  Do you think that would change 
 
 the business models of utilities and that would address 
 
 some of the -- 
 
               XXX:  Enabling the utility of the 
 
 future. 
 
               XXX:  Clean utility of the future. 
 
               All right.  Closing thoughts from anybody? 
 
               This has been great.  Good discussion this 
 
 morning, again building off of but different than 
 
 yesterday's. 
 
               It was important to have had yesterday's 
 
 conversation, I think, having been able to do this.  As I 
 
 said, we will engage you as we go forward with respect to 
 
 reading text or participating in other meetings if you can 
 
 make it.  So thanks very much.  Very good. 
 
               As we go through these, we can -- at least 
 
 with my team I can see the pieces in my head of the whole 
 
 thing coming together, and I think it will actually be 
 
 really quite powerful when we get it done. 
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