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Overview of Smart Grid Challenges
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Some Context—

Infrastructure Transformations

» Divestiture of the Bell System:1984
= Black Phones to iPhones
= Services Like Skype, Tiered Billing and Pre-pay Phones
= 25 Years and Evolving

» Growth of the Internet

= 1981 to 1995, Internet Not Broadly Known
= 1995 to today, Global “Explosion”
= 15 (or 30) Years and Evolving

» Cable TV, Video-On-Demand

= Key Initial VoD Trial, 1992, Time Warner Tampa Bay

—  Shelved Until Late 1990s, Early 2000s

— Reality of Customer Perception...Costs of Moving Too Slow
=  Enter TiVo, NetFlix, Hulu...
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Definition of Smart Grid (INIST)

» Modernization of the electricity delivery system

=  Monitors, protects, and automatically optimizes operation across
interconnected elements.

= Spans the entire system

» Characterized by a two-way flow of electricity and
information

= Creates an automated, widely distributed energy delivery network.

= Incorporates the benefits of distributed computing and communications
to deliver real-time information.

= Enables the near-instantaneous balance of supply and demand at the
device level.

Source: Paraphrased from: “Report to NIST on the Smart Grid Interoperability Standards Roadmap,” Prepared by EPRI
(June 17, 2009).

© 2010 Navigant Consulting, Inc. All rights reserved. N /\V l G A N T
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Why Smart Grid?

PROMISED BENEFITS

»

»

»

»

»

Improve power factor and more
efficient use of existing infrastructure.

Defer need for capacity expansion and
extend the useful life of assets.

Maintain high reliability at lower
long-term cost.

Enable greater integration of
responsive resources, including
renewables.

Provide the consumer with greater
choice in their energy use.

© 2010 Navigant Consulting, Inc. All rights reserved.
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What Is The Business Case?

(AMI Example)

Chart 2: Comparison of Full Deployment Operational Gap
To Various Demand Response Scenarios

Full Deployment Demand Response cPrp
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PG&E, AMI Business Case Filing with CPUC, 2005
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Who Bears The Cost?

(Distribution Automation Example)

» Technology to
Increase Reliability

= Automated

Sectionalizing
Switches (ASUs)

= Pole Top Reclosers

= Communication
Upgrades

= Back-Office
Integration

= Operations Training
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Who Gets The Benefits?

(DA Example Cont.)

Value of Customers Averted or Quickly Restored (2008 S)

Category Residential Commercial Total
ASU Customers Averted 77,776 4,114,956 4,192,732 28%
VFI Customers Averted 11,589 407,174 418,763 3%
Customers Restored within 5min 136,347 7,277,855 7,414,202 50%
Customers Restored within 10 min 44,967 2,425,564 2,470,531 17%
Customers Restored within 15 min 8,447 461,429 469,876 3%

279,126 14,686,978 P LI NLE 100%

» Based on outage cost estimates from LBNL paper prepared for DOE*
» Does not attempt to quantify operational benefits to the utility
» Estimates shown are annual benefits

* “Estimated Value of Service Reliability for Electric Utility Customers in the United States,” Prepared for Office of
Electricity Delivery and Energy Reliability, U.S. Department of Energy, Lawrence Berkeley National Laboratory,
June 20009.
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Will Consumer Behavior Change Persist?

Estimated End-Use Energy Savings (%)
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Consumer Reactions and Regulatory Questions

Suggest Challenges —for Smart Meters

State regulators question
prudence of Boulder's smart
grid

PUC decision to determine who has to pay for
the project

By Laura Snide€amera Staff Writer

Posted: 07/24/2010 04:16:56 PM MDT

BGE wins ‘smart meter’ approval
but must bill customers after it’s

built

August 13, 2010|By Hanah Cho, The Baltimore

S SR 25 CL200 240V IW SOHZ TA=30 K72~
) W' 1004.2.7=80

i PGSE N

Fairfax Puts Halt To Smart ‘SmartMeter®

Meter Installations s A0 37e

Aug 5, 2010 9:58 pm US/Pacific R e

: !C»‘i"-'v
Hawaii regulators scuttle plan for
expanded rollout of smart grid

technology
By: MARK NIESSE
Associated Press

07/28/1011:10 AMEDT
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Anti-Meter Fever Strikes Australia Too
Feb 24, 2010

By Theo Frei | August 15, 2010 3:46 PM EDT
Smart Grid comes costly for households
in Germany

The hydro smart meter that apparently

couldn't count
Toronto Sun

By CONNIE WOODCOCK
January 10, 2010 6:02am
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The Meter Accuracy Reality...

Accuracy Testing of Advanced Metetsmparison to Electromechanical Meters)

Oncor, CenterPoint,and AEP Texas - Advanced vs. Electromechanical Meters
Comparison of Accuracy Tests - Accuracy Performance Check
12% .
Electromechanical:
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Other Public Concerns: Privacy, Safety, etc.

Source: Marin Independent Journal
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Complexity...

Can Interoperability Standards Address?

Second Draft NISTIR 7628 Smart Gnd Cyber Security Strategy and Requirements — Feb 2010

© 2010 Navigant Consulting, Inc. All rights reserved.

Figure 2.1 Unified Logical Architecture for the Smart Grid

Page 14

Sp— - — - 1.
= e x = e —— — o Distribution
T s RTUS or 1EDs -
1 J1o 4 - Distribution e \
- L g e ‘ |
i . o —— o v Automaion uios
7 a7 ~ 46 - N - Fieks Devices r
{ Transmission 1 Trarsmission 1 26 - . 8 »aa - - - 3
e \_ RTU GO /7 uer DisyRution o {17 - Geograghic : 13 - Distribused - U112
;745 - Phasor Tl TR 3 ' / Engineering 40 - Work e +—U131 - nioomation ¢ eligence
| Meesuremert g i i / Br_______=——— Menegement fe U3 — i - System i, Capabiities [
T Umt ——uss__ | | 25 - Distributed ey 4, 3 4 A4 ¥ /
u; Genemiton § A As \ \ utos I 12 . Distributon
1 \ Storags \ -
75 _ ~] Managernent Utia hi-ﬂ&gmgcl ‘ S . ﬁ X. ‘ . Oata Collectors :
S T cubinae 1 o 16 - Field Bt g
S \ _ —AR— T & a Systern : | Ut
21 -Plant N I' Yy ' = - U0 ! { | — 1= CrewTook ?"\. v
{ Contral Jet— U0 —4 | 'UIDL -] a7 Die:i?x; — T T uUsE === | = “ \ 1B -
\-._‘;'_._’~... g s, - ~ %] Tranamission Operator us1 | OIS.::N”‘M
—1 UBer———w  SCADA [ TR 4 [ 38- | 2 sOrs
\ v ' | Ak RaSE ] ! 1 37 Customer - UIs
3 2 | uar-w| Customer |
Uz o 35- Operator [ ‘ dos. g1 - =N
U6 Daplays 3 | L | | : 1
| / i N 150w 2 - Custorner
'] A A U3z J\ { /] . 1
| URY vz W3 | L/ [ g wodae
_ vy ~¥ ¥ ¥ L u102— [ ] _unizs
| ura 30 - Energy 23 - Cusiomear B |
~| Management Infeernaltion —l A U127
System Systam 4—L13! uas
| A A |
| “ fU‘.".S = |
22 - Bulk <o 5 25 T | V= e R
Sworage #1565 | v11g | ‘ "8 - Customer |
Marsgemernt “ U128 —T—) Presnise .
—— TEETCTTOR T B
w/, Ae=! 5 - Customar Energy ! SRS
- s VA > Managament - —Uas
#20 - ISOMTONg— A System 1
: sale 72" \J e’ e b - o G - -
i - "_uz ,‘“ # "‘ | .'-J-Cuslomsr .
ke O | fua2 341 -
e 1 . “ | Appiances and 1
' - M3 Equiprment ‘
\ g Jgs | us3 I R i
e — ) 1 U
\ —a — S AP e s
U7 12 Eﬂﬁ’ = ] t‘ : a’ ) B o ' - : 1 U1
19 - gr / T e—— # 2 \ =— o v
— ' Market - Uz0 ~ R’p‘t“ Enorgy fet—132—— 43 -Thad le— U1 " LA
Masaarghouss, e i e | U7
g S e - v_v
[ Transmission 1 Domain Key l—‘a_EW e — 5 &
e et el B Service “ S
-~ ~ T cdarn . g e Submener
Bulk \ ) BEPRN Proidars '
Gerasation j Dperaicre-: |- Daliiwon e | 11 - Water'Gas ' o {EUMD) i
| === v —e 1 weEITE TS, 1 Mmedng | and Stoeage | (EVEERPEV) |
Markets ":’m 1 Customar | R AT A o 22 — = e _—
(TSRS Lo S SRR

NAVIGANT

CONSULTING



Smart Grid Interoperability Standards:

» Standards efforts have

been going on for years Bocy of Standrs b
» EPRI Il’lteﬂlgl'ld, GWAC, o ® © o o ¢ (3,,
etc. e @ D
» Recent NIST led effort Standards o
Selecti el 2
had created momentum process - :
. (NIST/SGIP) S
» But can it really address — 2
ity? . = E
the complexity by, =l 2
» NIST “Framework and Rget ] 2
QD
Roadmap...1.0” bo] &

= 25 Standards Identified

. Standard Development Process
- 50 for Further Review (Standards Development Organizations,) ® - standard

{7 - selection in progress

Alliances & User Groups
i gap - needed standard

Relationship Between Standards Selection
and Standards Development
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People, Processes, Organizational Change...

Adaptation Requirements

» Traditional responsibility
boundaries are moving.

» Cultural acceptance of
automation needed. Base Technologie

Backbone Meters & |
Devices Servers |

» Training and adjustments
required.

» Job roles likely to change.
» IT plays a larger role.

» Process redesign will be
necessary to capture full

_ Example: Upgrading billing
benefits. system and processes.

© 2010 Navigant Consulting, Inc. All rights reserved. N /\V I G A N T
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Commissioner Rick Morgan

Public Service Commission
District of Columbia

10 Navigant Consulting, Inc. All rights reserved. N /\V l G A N T

NNNNNNNNN
Page 17 ¢



Backup Slides
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Commissioner Rick Morgan-BIO

Commissioner(Rick) Morgan began a second four-year term on the District of Columbia Public

Service Commission in July 2007. Commissioner Morgan serves as leader of the Task Force on
Climate Policy of the National Association of Regulatory Utility Commissioners (NARUC). He is
a member of NARUC’s Energy Resources and Environment Committee, its Smart Grid
Collaborative, and he serves on the Association’s Board of Directors. Commissioner Morgan
currently serves as co-chair of the Electricity Committee of the Mid-Atlantic Conference of
Regulatory Utility Commissioners (MACRUC) and has previously chaired the steering
committee of the Mid-Atlantic Distributed Resources Initiative (MADRI). Commissioner Morgan
chairs the Board of the Smart Meter Pilot Program, Inc. (SMPPI), which oversees a smart
metering pilot program in the District of Columbia, and he serves on the NARUC-FERC
Collaborative on the Smart Grid.

Before joining the PSC as a commissioner, Mr. Morgan spent 12 years with the U.S. Environmental

Protection Agency, where he focused on climate policy and emissions trading. Previously, Mr.
Morgan spent five years on the staff of the Public Service Commission, where he helped to
develop Commission policies on energy conservation and resource planning. During his 40
years in the field of energy policy and utilities, Commissioner Morgan has authored numerous
publications on electric power. He holds a Master of Public Policy degree from the University of
Maryland and a B.A. in economics from Antioch College.

© 2010 Navigant Consulting, Inc. All rights reserved. N /\V l G A N T
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Doug Danley-BIO

Douglas Danley is presently the Senior Program Manager for Renewable and Distributed Energy for
NRECA'’s Cooperative Research Network (CRN). He also works with the project management
team on the DOE funded NRECA Smart Grid Regional Demonstration Project.

Mr. Danley has more than thirty years experience in renewable energy, energy storage, and advanced
energy system design. He has worked for Integrated Power and Orion Energy (PV and hybrid
system electrification in the US and around the world), GridPoint (R&D and Product
development for distributed battery and energy management products), and Aguru Images
(special effects for the movie and visualization industries).

At NRECA, he has been focused on coordinating the eighteen coops and seventy activities in the
Demo Project, and is responsible for CRN research in PV systems, Integration of EVs into the grid
and many other projects.

His specialty is in the design, modeling, economic evaluation and installation of energy systems, with
a special focus on energy storage, the role of advanced electronics in these system, and novel load

management techniques. Mr. Danley has a Bachelor’s Degree in Mechanical Engineering from
MIT.

© 2010 Navigant Consulting, Inc. All rights reserved. N /\V l G A N T
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Question Primer...

© 2010 Navigant Consulting, Inc. All rights reserved. N /\V I G A N T
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Other Public Concerns

Ol OPOT w" T EOOI OT 1 UwlUOw/ &0 %z Uw#l xOC

» In March 2010, the California Public Utility Commission ordered an
evaluation of PG&E’s advanced meter deployment.

» The scope of the evaluation is expected to address the following;:

= Accuracy of measurement and billing of electric usage since meter
deployment began

= High bill customer complaints

= Past and current operational and deployment processes, policies, and
procedures

» The Structure Group’s report is expected in September 2010.
© 2010 Navigant Consulting, Inc. All rights reserved. Page 22 N /\V l G A N T
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Other Public Concerns

Questions Regarding Costs vs. Benefits

»

»

»

»

The Maryland Public Service Commission denied Baltimore Gas & Electric’s
request for taxpayers to shoulder the costs upfront (i.e., surcharge vs. rate
based).

The Hawaii Public Utility Commission also rejected plans for an expansion
of smart grid pilot program that would have been paid for by consumers.

The Colorado Public Utility Commission found that Xcel Energy planned
and implemented its smart grid project in Boulder outside of its normal
budgeting process and did not conduct formal reviews of the project as
costs increased.

Need to Add recent ComEd ruling..

© 2010 Navigant Consulting, Inc. All rights reserved. Page 23 N /\V l G A N T
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PG&E AMI Biz Case: Op. Benetfits

Chart 1: lllustration of Improvement in PG&E’S Business Case

(Full Deployment)

P of
Rewvanua
Regquirement
% millions

Preliminary Filing
Oct 15

Total
226

Oparaicns &
FT0N

51,7550

March 15 Business Case

Total

65% improvement

in the utility gap

Costs
51,047
Operaions & Revernue gep
mairferaron m
Tokal
Orther Benafis
Daplymant Oporational | gy cagyy
51,5300 Banafits
£TaTM
Fledd &
Metering
Sorvices
SE0TM

PG&E, AMI Business Case Filing with CPUC, 2005

© 2010 Navigant Consulting, Inc. All rights reserved.
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ConEd AMI Filing: Costs & Benetits

Present Value * over
Cost Area 15 years
(5 Million)
Metering Equipment $379.5
Present
Meter and Data Collector Installation $88.5 Value*
Meter Communications Infrastructure $41.2 BENEFIT AND COST SUMMARY ﬂ::;rLE
Operations and Maintenance $92,8 \[$millinns]
Operational Benefits N $510.1
Meter Data Management System $17.0 Future Operating Benefits $10.8
Labor costs $86.1 Societal Benefits 4.$260.8
Future Societal Benefits [/ %08
Other cost 77
e cosss ; Subtotal of Benefits | $7825
Total Costs §712.8 Less: Costs | §712.8
* Present value o 2007. Nt Sonefits $69.7 |

* Present value fo 2007

Con Edison, AMI Business Case Filing with NY State, 2007

© 2010 Navigant Consulting, Inc. All rights reserved. 25 N /\V l G A N T

CONSULTING



ConEd AMI Fllll’lg Benetfits Detail

26

Benefit Area Breakdown [Present Value over 15 years*) ($million)

Realizable Companies’ | Societal Societal
Companies’ Future Benefit Future
Benafit Area DpeFr.:ting Operating Benefit
Benefit Benefit

Elimination of Manual Meter Reading $266.4

Reduction of Off-Cycle Reads £12.3

Reduction of Estimated Bills $12.1

Reduction of Field Service Orders §2.4

Increased Revenue Due to Improvement in Meter Accuracy §42.1

Deferral of Metering Capital Costs $140.3

Reduction of Call Center Contacts for Bill-Related Calls $4.0

Reduction of Compensation/Claims for Meter Reading $6.0

Reduction of Load Research Costs $8.5

Reduction of Revenue Losses from Unoccupied Premises §8.7

Reduction of Handling Time for Calls regarding Power Quality <50.1

Issues

Reduction of Mested-Outage Restoration Time $0.5

Reduction of False Outage Dispatches $1.3

Increased Revenue Due to Reduced Outage Restoration $1.2

Time

Reduction of Long-Term Outage Response Time $1.7

Reduction of Costs to Support Other Initiatives $2.5

Increased Energy Efficiency and Demand Response 1041

Participation that would Defer T&D System Upgrades

Increased Customer Utilization of eCommerce Channels $0.7 $0.8

Awvoided Capacity Costs Due to Increased Load Management 51228

Participation

Awvoided Capacity Costs by Managing Unforeseen Market $101.4

Changes in End-Use Devices

Decreased Customer Costs Due to Improved Outage $35.8

Management

Decreased Electric Demand and Load that would Improve $0.8

Environmental Conditions

Total Benefits $510.1 $10.8 $260.8 $0.8

* Present value to 2007.

Con Edison, AMI Business Case Filing with NY State, 2007

© 2010 Navigant Consulting, Inc. All rights reserved.
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Breakdown of Estimated Benefits by Category

B 1. T&D Automation & Optimization
B 2. End Use Energy Efficiency & Conservation
B 3. Dynamic & Responsive Demand
u 4. Reliability from DR & Storage
5. Reduction of Renewable Integration Costs

6. Prevented Outages

(2010 Present Value)

» This breakdown of estimated benetfits by category looks only at
the benetfits of a functioning Smart Grid and extends through
2035.

» The Smart Grid build-out for the region through 2025 was
estimated to at between $4B to $6B over this period.

» An annual nominal discount rate of 9% was selected for this
o 20 vv@SSRESIRENELased on BPA’sCiogﬁggggpaggpfmgagicial evaluation and AVIGANT
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Evaluation of Advanced Metering Systems in Texas

Accuracy Testing of Advanced Metetsmparison to Electromechanical Meters)

» Electromechanical Meter Accuracy » Advanced v. Electromechanical Meters
o .
= ~4% failed to meet ANSI standards and =  On average, the Smart Meters tested
4
o . . s
~25% were operating below the were significantly more accurate than the
expected performance of smart meters. electromechanical meters.
Oncor, CenterPoint,and AEP Texas - Electromechanical Meters Oncor, (é:e"terpo.int’ ar;iAEP Tex;s - AdZanced vsfl:ctromechg:xce;(l Wietais
Historical Accuracy Tests - Accuracy Performance Check S T R o/ BT (TN e
3500 12% Electromechanical:
el
3000 | = ¢ 3 || | Meters=86,756 10% ﬁ“e”-?ﬁes'fs
. 4 s = § = 5 Mean=99.53 St:lag- _.3 91
5 2500 1 5= 3k 5 & Z. || | stdDev.=391 o - Dev.=3.
o) 3 E 3 45 SE 3 8%
22000 | 2% e e g | 2 Advanced:
‘é 2 % 8 §‘ § ;,i‘ 2% ® Electromechanical: 5 6% Meters=5,134
2 1500 4 g é* 4 g ) ;‘j 88 [ Oncor, CenterPoint] k- Mean =100.00
s S g o) S5 39 and AEP Texas g 9 Std. Dev.=.56
2 1000 | § < =g 23 5 .
[} o0
500 - | o E I — gi ~ - 2% ¥ Electromechanical -
- ‘HHH | “H bl Percent of Total
(IS \"m‘m‘m‘\H‘H\‘H“H‘H‘ il I ‘HH‘\H‘H\‘\H “““““““““““ | u
0 Rej O 0 0 0 [ - [ - [ = —- 0% + LA B B R A Advanced Meters -
; : g ﬁ g 5 § § E E § E E § § E E § § E é § Percent of Total
Accuracy: Average Percent Registration of Actual Electric Energy (%) Accuracy: Average Percent Registration of Actual Electric Energy (%)

© 2010 Navigant Consulting, Inc. All rights reserved. N /\V l G A N T
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Evaluation of Advanced Metering Systems in Texas

Customer Billing and Complaint Analysis

» Statistical Analysis

Residential kWh electricity usage was
evaluated to determine if customers
experienced different usage as a result of the

» Weather Related Factors

* Electric usage by customers with
advanced meters was not significantly
different from historical levels relative

installation of an advanced meter. to heating degree days.

Comparison of Historical Monthly Electric Usage
Oncor "Matched" Complaints - Advanced and Electromechanical Meters

(Compared to Heating Degree Days)
2,700 800

CenterPoint- Average Monthly Consumption Trend
Advanced and Electromechanical Metered Customers (Total Population)

=N
S
—
=
S

E N g‘ 750
] L4 g 2,500
250 T . ste 120 § | #of Meters
& 0 . [0 M) H ) — 00
g 00 °°, 8 | Advanced Meters: 111,614 £ 2300
5% ° 100 & | Electromechanical: 543868 =
g 240 ) o ° M 2 & 2,100 A 0z
T R | AN
2 &30 * 2 g £ 1,900 A A &
‘g 00 ® ° P ° $ 03 @ g Advanced Meters Installed S // IA / \ /\ //\ \ e 9
it ° . & 5
‘3%20 *’ ==. : '..2'. 3 ?’T %1,700 A A E
g 40 = | Advanced Meter Customer E] /A\ // y / / \\ ‘/ \ / \ 500 E’
= 2 S 1500 o ?
§ 0 8 | AW AR YAWAIA /
< Cumulative Advanced S o Electromechanical Meter g 1,800 00
Meters Installed & Customers < w
0 0 £ 1,100 350
4 & ¢ & @ % & @ P OO OO 9N
@q’ﬁ ,Q \o@ 9&69‘)} \&\9 @m&pv\”{% \0\9 “}Q’Q'Q &4’% \bd% é‘f’c Q@g \Q\/Q 9&/%%0} \'é{\ .  EEEEE O I L LI PP IIPO DD OO O >
N\@%QQ’SQQ@QQ@Q«W@oﬁ"@,\\ﬂ"@\@Q%@Q@@@«\@Qq‘i&ié&\\"’QQ%\"'@@\"?Q«\&o.@i\\"'ﬁe\\”’@»,WQQ@@Q«\\'V@q\"'@Q\"?%\\"?\@"'Q
Month

Note: "Advanced Meter customers” recieved an advanced meter by Feb 2010. "Electromechanical Meter customers did not receive an advanced meter Heating Degree Days ~— Advanced Meters = Electramechanical Meters

as of Feb 2010.
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