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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Phillip Leung
Title: Power System Planner
Dated: 07/03/2012

Question 08:
Please provide the 10-year outage history for the following lines:

a. Serrano-Villa PK #1;
b. Serrano-Lewis PK #2

Response to Question 08:

a. Serrano-Villa PK #1;
Response: There were no forced outages on the Serrano-Villa Park # 1 for the last 10 years.
Scheduled outages are not readily available.

b. Serrano-Lewis PK #2

Response: SCE believes that the data request contains a typographical error. SCE believes that
the question should be Serrano-Lewis #2, no PK. There were no forced outages on the
Serrano-Lewis # 2 for the last 10 years. Scheduled outages are not readily available.
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Phillip Leung
Title: Power System Planner
Dated: 07/03/2012

Question 09:

Has SCE analyzed CAISO’s power flow modeling in this proceeding? Has SCE done its own
power flow modeling for this proceeding? If so, please provide the inputs that SCE used for its
power flow modeling.

Response to Question 09:
Response: SCE was involved in the initial stages and developed the initial power flow Base Case
that the CAISO used for its power flow modeling in this proceeding. This is the extent of the

work done by SCE for CAISO’s LCR Studies. SCE did not conduct its own power flow studies
for this proceeding.
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Phillip Leung
Title: Power System Planner

Dated: 07/03/2012
N
Question Q.04 Amendment:

In CAISO’s 2011/2012 Transmission Plan, CAISO includes several tables featuring lists of
transmission projects. See 2011/2012 Transmission Plan at pp. 419-428 (Table 7.1-1 (status of
previously approved projects costing less than $50M); Table 7.1-2 (showing status of previously
approved projects costing $50M or more); Table 7.2-1 (new reliability projects found to be
needed)).

In SCE’s June 26, 2012 Testimony, SCE asserts that CAISO did not consider certain
transmission mitigation that could reduce LCR need. Specifically, SCE states that “the CAISO
has not investigated adding transmission facilities beyond the 2021 transmission configuration
used in its analysis of need for LCR resources in the LA Basin.” SCE June 25, 2012 Testimony
of D. Cabbell at pp. 8-9.

a. Please provide an explanation of what transmission mitigations including adding transmission
facilities as stated above, could be used to reduce LCR need.

b. Pursuant to Request No. 5(a) please provide any transmission projects identified in CAISO’s
2011/2012 Transmission Plan in Tables 7.1-1 through 7.2-1 that SCE believes should be added
to mitigate LCR need in the LA Basin.

c. If SCE believes that additional projects should be added that were not included in Tables 7.1-1
through 7.2-1, please list those transmission projects included their expected in-service date.

d. Has SCE proposed any transmission projects for the LA Basin or Western LA Basin? If so,
please provide a list of any proposed transmission project.

1. In the list provided pursuant to Request No. 4(d) above, please identify any projects that
were evaluated to mitigate contingencies by way of reconducturing.

ii. In the list provided pursuant to Request No. 4(d) above, please identify any special
protection system projects that have been evaluated.

e. For each project listed pursuant to Request No. 5(b-d) above, please define:

1. the project’s expected impact on LCR need;

i1. the project’s reactive support;
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iii. the project’s voltage support; and

1v. the project’s estimated cost.

Response to Question Q.04 Amendment:

a. Please provide an explanation of what transmission mitigations including adding transmission
facilities as stated above, could be used to reduce LCR need.

Response: In general, any upgrades (new transmission lines, reconductoring of an existing line,
and new transformers, etc) added within the Local Capacity Area. However, the Local Capacity
Area Technical Studies would need to be redone.

b. Pursuant to Request No. 5(a) please provide any transmission projects identified in CAISO’s
2011/2012 Transmission Plan in Tables 7.1-1 through 7.2-1 that SCE believes should be added
to mitigate LCR need in the LA Basin.

Response: SCE believes that the data request contains a typographical error. SCE believes that
the question should read "Pursuant to Request No. 4(a)" instead of "Pursuant to Request No.
5(a)". Based on this assumption, all transmission projects identified in the 2011/2012
Transmission Plan in Table 7.1-1 through 7.2-2 and approved by the CAISO Board should be
included.

c. If SCE believes that additional projects should be added that were not included in Tables 7.1-1
through 7.2-1, please list those transmission projects included their expected in-service date.

Response: There are no additional projects that should be added that were not included in Tables
7.1-1 through 7.2-1.

d. Has SCE proposed any transmission projects for the LA Basin or Western LA Basin? If so,
please provide a list of any proposed transmission project.

1. In the list provided pursuant to Request No. 4(d) above, please identify any projects that
were evaluated to mitigate contingencies by way of reconductoring.

Response: Yes, SCE proposed the Del Amo-Ellis Loop In project which came
on-line on 6/1/2012.

i1. In the list provided pursuant to Request No. 4(d) above, please identify any special
protection system projects that have been evaluated.

Response: No special protection system projects have been evaluated with the
project mentioned in question 4.d (1).
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e. For each project listed pursuant to Request No. 5(b-d) above, please define:

Response: SCE believes that the data request contains a typographical error. SCE believes that
the question should read "Pursuant to Request No. 4(b-d)" instead of "Pursuant to Request No.
5(b-d)".

1. the project’s expected impact on LCR need;

Response: The Del Amo-Ellis Loop In project was included in the CAISO Study
before its on-line date.

11. the project’s reactive support;

Response: Not applicable, the project did not include reactive support.
1i1. the project’s voltage support; and

Response: Not applicable, the project did not include voltage support.

1v. the project’s estimated cost.
Response: As shown in Table 7.2-1 the estimated cost is approximately $5-15M.

SB GT&S 0580932



Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Mark Minick
Title: Manager of Resource Planning

Dated: 07/03/2012
0
Question 01:

Has SCE performed its own LCR analysis of the LA Basin or the Western LA Basin in this
proceeding? If so, please provide all documents including workpapers that show SCE’s analysis.

Response to Question 01:

No.
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Mark Minick
Title: Manager of Resource Planning
Dated: 07/03/2012

N
Question 02.a:

In its June 25, 2012 Testimony, SCE states that it “does not agree with all assumptions used by
the CAISO.” SCE June 25, 2012 Testimony of M. Minick at p. 5. SCE also states that “[sJome
significant assumptions that can change the LCR need include changes to the reliability planning
standards, demand forecast, resource scenarios, LCR generation sites, and transmission options.”
Id . atp.5.

a. Please identify what specific assumptions used by the CAISO SCE does not agree with and
what SCE’s preferred assumption would be.

Response to Question 02.a:

SCE has internal load forecasts and renewable resource generation assumptions that are not
exactly the same as those used by the CAISO in their LCR analysis. In this respect our analysis
would be different than the CAISO analysis if we had done an LCR study. We did not do such a
study. So, the purpose of the testimony statement is to simply note that a slightly different
amount of LCR might be required using different assumptions, and SCE would prefer having
flexibility in the procurement targets. So, if future studies with different assumptions change the
LCR requirements, we can adjust the procurement accordingly.
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Mark Minick
Title: Manager of Resource Planning

Dated: 07/03/2012
N
Question 02.b:

In its June 25, 2012 Testimony, SCE states that it “does not agree with all assumptions used by
the CAISO.” SCE June 25, 2012 Testimony of M. Minick at p. 5. SCE also states that “[sJome
significant assumptions that can change the LCR need include changes to the reliability planning
standards, demand forecast, resource scenarios, LCR generation sites, and transmission options.”
Id . atp.5.

b. Please fill out the Load and Resource Tables that are attached hereto with SCE’s preferred
assumptions.

Response to Question 02.b:

These load and resource tables appear to be designed to determine the Resource Adequacy (RA)
or planning reserve margin requirements of the SCE system and are not capable of determining
the LCR need, which is the subject of this proceeding. If such data were available it would need
to be broken down further into segments at each electrical substation in order for the CAISO to
do modelling required to determine LCR need for both the "LA Basin" and "Western LA Basin".
SCE cannot produce such data in time for this proceeding and in some cases it may be essentially
impossible to create such data without making many arbitrary assumptions, and these
assumptions would need to be agreed to by the CAISO in order for the CAISO to do another
LCR analysis.
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Mark Minick
Title: Manager of Resource Planning

Dated: 07/03/2012
N
Question 02.c:

In its June 25, 2012 Testimony, SCE states that it “does not agree with all assumptions used by
the CAISO.” SCE June 25, 2012 Testimony of M. Minick at p. 5. SCE also states that “[sJome
significant assumptions that can change the LCR need include changes to the reliability planning
standards, demand forecast, resource scenarios, LCR generation sites, and transmission options.”
Id . atp.5.

c. For all assumptions used in filling out the Load and Resource Tables, please provide all
supporting evidence and documentation that SCE relies on for this assumption.

Response to Question 02.c:

Please refer to the answer for question 2b.
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Aaron Fishman
Title: Sr. Project Manager

Dated: 07/03/2012
N
Question 03.a:

SCE states 1n its testimony that “CAISO’s assumptions in the LCR analysis recognized neither
the potential for increased distributed generation (DG) nor increased localized generation.” SCE
June 25, 2012 Testimony of M. Minick at p. 7.

a. Please state SCE’s preferred current forecast for the potential for increased distributed
generation in the LA Basin and Western LA Basin.

Response to Question 03.a:
SCE does not have an alternative or preferred DG forecast for the LA Basin.

Mr. Minick’s testimony intends to make the general point that the LCR need would be equal to
or less than that projected by the CAISO if more distributed generation (among other things)
develops in appropriate locations within the LA Basin. However SCE has no information at this
point in time that provides confidence that more DG will turn up in the right locations to
alleviate the LCR need. There are, however, various programs being proposed within the state
that may encourage the development of additional distributed generation.

SCE expects that as future generation procurement occurs to meet local reliability needs, new
information on DG projects and programs may give justification to reducing the LCR
procurement need. Hence, SCE has requested the CPUC grant it flexibility to procure up to the
amount proposed by the CAISO (but not necessarily the total amount proposed by CAISO) so
that it can reduce procurement if the new information provides confidence that the need for new
generation in the LA Basin is less than what the CAISO is currently projecting.
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Aaron Fishman
Title: Sr. Project Manager
Dated: 07/03/2012

Question 03.b:
SCE states 1n its testimony that “CAISO’s assumptions in the LCR analysis recognized neither
the potential for increased distributed generation (DG) nor increased localized generation.” SCE

June 25, 2012 Testimony of M. Minick at p. 7.

b. Please state SCE’s preferred current forecast for the potential for increased localized
generation in the LA Basin and Western LA Basin.

Response to Question 03.b:

See response to a) above
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Aaron Fishman
Title: Sr. Project Manager

Dated: 07/03/2012
X
Question 03.c:

SCE states 1n its testimony that “CAISO’s assumptions in the LCR analysis recognized neither
the potential for increased distributed generation (DG) nor increased localized generation.” SCE
June 25, 2012 Testimony of M. Minick at p. 7.

c. Please provide all supporting evidence and documentation that SCE relies on for this
assumption.

Response to Question 03.c:

The "increased distributed generation (DG) nor increased localized generation" that Mr. M.
Minick refers to is not an assumption but a general statement of fact. If more
distributed/localized generation occurs in the local area, then the LCR need could potentially be
reduced. However, there are no firm programs that the CAISO could look to at this time as a
basis for assuming more distributed/localized generation.
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Mark Minick
Title: Manager of Resource Planning
Dated: 07/03/2012

Question 05:

Please provide a list of any additional resources that CAISO did not consider that SCE expects to
mitigate the LCR need for both the Moorehead Park area in 2021. Please include the expected
MW of the project and when the project could be expected to come on-line.

Response to Question 05:

SCE does not know of any sited, licensed, or contracted new generation in the Moorpark area at
this time. However, slower load growth, including some of the currently uncommitted future EE
and DR, transmission line equipment modifications, additional distributed generation, and other
factors may lessen the need for the amount LCR generation proposed by the CAISO. Similarly,
higher load growth and more stringent reliability criteria may increase this amount.
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Mark Minick
Title: Manager of Resource Planning
Dated: 07/03/2012

Question 06:

Please provide a list of any additional resources that CAISO did not consider that SCE expects to mitigate
the LCR need for the LA Basin area in 2021. Please include the expected MW of the project and when the
project could be expected to come on-line.

Response to Question 06:

SCE does not know of any sited, licensed, or contracted new generation in this area at this time.
However, slower load growth, including some of the currently uncommitted EE and DR,
transmission line equipment modifications, additional distributed generation, and other factors
may lessen the need for the amount LCR generation proposed by the CAISO. Similarly, higher
load growth and more stringent reliability criteria may increase this amount. Due to these factors
SCE is proposing that we have flexibility in the procurement of future LCR needs.
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Southern California Edison
2012 LTPP R.12-03-014

DATA REQUEST SET CEJA-SCE-001

To: CEJA
Prepared by: Mark Minick
Title: Manager of Resource Planning
Dated: 07/03/2012

Question 07:

Please provide a list of any additional resources that CAISO did not consider that SCE expects to
mitigate the LCR need for the Western LA Basin area in 2021. Please include the expected MW
of the project and when the project could be expected to come on-line.

Response to Question 07:

See answer to question 6.
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ATTACHMENT B:

A Ceres Report, Practicing Risk-Aware
Electricity Regulation: What Every State
Regulator Needs to Know, How State
Regulatory Policies Can Recognize and Address
the Risk in Electric Utility, April 2012.
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US. HECIRICUTILITIES

The U.S, electric utility industry, which has remained largely
stable and predictable during its first century of existence,
now faces remendous challenges, Navigant Consulting
recently observed that “the changes underway in the 219
century electric power sector create a level and complexity
of risks that is perhaps unpr nted in the industry's
history.”™ These challenges include:

{ an aging generation fleet and distribution system, and
a need to expand transmission;

( increasingly stringent environmental regulation limiting
pollutants and greenhouse gases;”

{ disruptive changes in the economics of coal and natural gas; Many of these same factors are driving historic levels of utility

( rapidly evolving smart grid technologies enabling greater investrment, It is estimated that the U.S, eleclricity industry
customer control and choice; could invest as much as $100 billion each vear for 20

(increased policy maker emphasis on demand-side yearst—rolghly twice recent investment levels, This level of

) investment will double the net invested capital in the U.S,

resources requiring new regulatory approaches and utility

; electricity systermn by 2030, Moreover, these infrastructure
business models; Yy SySs Y « Y , thes

investrents are long lived: generation, ransmission and

(- competition from growth in distributed generation; distribution assets can have expected useful lives of 30 or

( slow demand growth due to protracted economic 40 vears or longer. This means that many of these assels
recovery and high unemployment; will likely still be operating in 2050, when electric power

( substantially weakened industry financial metrics and credit producers may be required to reduce greenhouse gas
ratings, with over three-quarters of companies in the sector emissions by 80 percent or more to avoid potentially
rated three notches or less above “junk bond” status.? catastrophic impacts from climate change.

1 Forrest Small and Lisa Frantzis, The 27% Century Electric Utility: Positioning for a Low-Carbon Future, Navigant Consulting (Boston, MAC Ceres, 20103, 28, hitp:/Avww . ceres org/resources/reports/the-
21st-certury-electric-ulthity-positioning-for-a-low-carbon-future- 1

2 Estimates of LS, coal-firedgenerating capacity that could be retired in the 2015-2020 timeframe as a result of forthcom ing U8, Environmendal Profection Agency EFA)Y air quality regulations range from 10 to
70 gigawatts, or belween three and 22 percent of LS. coal-fired generation capacity. Forthcoming EPA water quality regulationsould require the installation of costly cooling fowers on more than 400 power
plants that provide more thar a quarter of gll LS. electricity generation. Sex san Tierney, "Electric Reliability under NeviEPA Power Plant Regulations: A Fielkd Guide,”World Resources Institute, Jarwary 18,
2001, Mtp/Aww e orgdstories 201 V0 Velectric-reliability-under-new-epa-power-plant-regulations-field-guide

=

3 Companies in the sector include investor-owned utilities (IOUs), utility holding companies and non-regulated affilistes

4 Mare Chupka et al., Transforming America’s Power Industry: The hnvestment Challenge 2010-2030, The Brattle Group Washington DG The Edison Foundation, 20083, vi,

itp A brattle com/_decurments/Uploadiibrary/Upload 725 pdf. Brattle's investment estimates apply to the entire U8, electric utility industry, including 1OUs, electric cooperatives and
government-owned utiities. Fron 2000-08, overall annual capital expenditures by U8, 10Us averaged roughly $48 biflior: from 200610 that number climbed to $74 billior: see Edison Electric
institute, 2070 Financial Review: Annual Report of the ULS. Shareholder-Owned Electric Utility Industry (Washington OC: Edison Electric Institute, 2011), 18,

hitp: /A el orgiwhatwedo/Datafnalysis/indusFinanAnalysis/finreview/Documents/FR2010_FullRepaort_wel pdf
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increased u ity me‘%m@m combined with min maé
even declining electricity demand growth means tha
fyp ices f{) r consumers will rise sharply,

clai nq a greater share of houmh@%d dis ,mw[ ble income
amd likely leading to ratepayer resistance.® wam«)@ the US
economy was buill on refat V@*Ey CE weap electricity—the only
thing many U.S. consumers and businesses have ever
known—credit rating agmc’m are concerned about what
this dynamic could mean for ulilities in the long term. Rating
also point out H“ea the pverall credit profile for
stor-owned utilities (I0Us) could decline even fu ther
since utilities” operating cash flows won't be sufficient to
alisfy their ongoing investment needs.®

it falls to state electricily regulators to ensure that the large

amount of capital invested by utiliies over the next two
decades is deployed wisely. Poor decisions could harm the
U.8. economy and its global competitiveness; cost
ratepayers, investors and taxpayers hundreds of billions of
dollars; and have costly impacts on the environment and
public health,

To navigate these difficult times, it is essential that regulators
understand the risks involved in resource selection, correct
for biases inherent in ulility mmém on, and keep in mind the
long-term impact that their decisions will have on consumers
and society. To do this, regulators must look outside the

boundaries

ablished by regulatory tradition

AT

To be effective in the 21 century, regulators will need o be
especially att mw@ to two areas; identifying and addressing
risk; and overcoming regulatory biases.

Kisk arises when there is potential harm from an adverse
event that can occur with some degree of probability. Put
another way, risk is “the expected value of a potential loss.”
Higher risk for a resource or portfolio means that more value
is at stake or that the likelihood of a financial loss is greater,
or both.

Risks for electric system resources have both time-related
and cost-related aspects. Cost risks reflect the possibility
that an investment will not cost what one expects, or that
cost recovery for the investment will differ from expectations.
Time risks reflect the possibility that circumstances will
change over the life of the investment and materially affect
both the cost of the investment and the degree to which it
benefits consumers. Figure E5-1 summar the many
ieties of risk for utility resource investiment,

Risk is the expected value of a potential loss.
Higher risk for a resource or portfolio means that
more value is at stake or that the likelihood of

a financial loss is greater, or both.

Figure E5-1

*Construction costs higher than anticipated

Aiebilivad oost ol caoigl bidleslinaled

*Operation costs higher than anticipated
BelosiEeoedoigg eslineles o dlenalive el osis e
* Investrrent o large that it threatens a fim
et oo

*Hesouros constraints (0., waler)
Fabaucmboswnipit o o es

* Mnsgmmm‘x d@fay@ ocour

npeithe peesues npile Lo
*Erwvionental rules charnge

el less e el oS ity
* Better supplvoptions rmaterialize
alsloghic kes ot ot o

* Audliary resouroes (@.0., Transmission) delayed

Wharwnneipdicyad sl dlene

5 Moody's Investors Servi
axpect the largest rate incl

. Special Comment: T
wes, 1 relative terms,

21 Century Electric Utility (New York: Moady's Investors Service, 2010). Importantly, customers who currently enjoy the lowest electricily rates can
& providers of cheap, coabgenerated electricity install costly pellution controls or replace old coal-fired units with more expensive new resources

This dynaric could prove especially challenging for regulators, utilities and consumers in the heavily coal-dependent Midwest.

& Richard Cortright, “Testimony before the Pennsylvania Public Uttty Cormirission

TRICITY

. Harrishiurg, Pennsylvania, Novermber 18, 2008, hitp/Avvw. pue state pecusigeneraliRegulatorylnfo/ pf ARFA. Testimony-S8PRS. pdf

SB GT&S 0580949



Three observations about risk should be stressed:

1. Risk cannot be eliminated, but it can be managed and
minimized. Since risks are defined as probebilities, |
by definition probable that some risks will be reali
that, scorer or later, riskowill translate info dollars for
oonsurvers, investors or both, This report conclucdes wi
WY’W@TW% for how 1 :‘mw & om can rinirmize
precticing “risk-aware regulatio

2. It is unlikely that consumers will bear the full cost of poor
utility resource investment decisions. The very farge arrount
of capital inveslrrent that’s belng con ated and the
resutting upward pressure on electricily rates will meke itvery
unappesting Or sirmply unfenable) for regulators fo burden
epayers with the full cost of utility mistakes, As & result,
it is Hkely that utility investors (specifically shareholderswill
be rmore exposed 1o losses resulting from poor uliity investrent
decisions than invears past,

3. Ignoring risk is not a viable strategy. Hegulators (and utilities)
canrot avoid risk by falling tormeke decisions or by relving on
fate. Followving a prectice “; zm because “it's alvweys been cone
thatway,” instead of meking a fresh asseserrent of risk and
ting | s asking for trouble,

Traditional utifity regulation also contains several bullt-in biases
that effective regulators must overcome! These Diases, which
resull in part from the incentives that traditional regulati on .
provides fo utilities, encourage ulilittes {o invest more than
optimal for thelr cusfomers—which is 1o say, more than is
optimal for the provision of safe, @Eéab%@, ordable and
environmentally sustainable electricity—and discourage them
from investing in the lowest-cost, lowest-risk resources (namely,
dema w—% de resources such as energy efficlencyithat provide
substantial benefils {o ratepayers and local economies. Bias
can aém f@mﬁ utilities to seek fo exploit regulatory and legislative
processes as a means of increasing s (rather than,

for example, im pfov"qg their own operational efficienci w“*}
Finally, regulators face an inherent information deficit when
dealing with utility mamg@*ﬂmh This can hamper effective
collaboration around utility planning, which is arguably the
most important function of @Eu&r clity regulation today,

We closely examine costs and risks of new generation resources
for several reasons., First, as the largest share of utility spending
in the current build cycle, generation investment 's:«; where the
largest amount of consumer and investor dollars Is at risk,
Also, today's d@ sions about generation investment can
substantial future investmen!s in transmission and
bution i ”sza structure, Proposed power plants can be a
lightning 1 m:i fm controver w, heightening public scrutiny of

i sion-makers. Fi wEEy, poor
ment mu sions abau @m@g ration resources in 10OUs'
last major build cycle resulted in tens of billions of dw%é ars of
losses for consumers and shar Wd&mﬁ For these and other
reasons, it s @ﬁmmé ly important that regulators addre
manage and minimize the risks associated with utility
investrnents in new generation resources.’

Ignoring risk is not a viable strategy. Regulators
(and utilities) cannot avoid risk by failing fo make
decisions or by relying on fate.

Acquiring new electric system resources involves dimensions
of both cost and risk. Of these two dimensions, the to@% for
estimating the cost elements of new generation, while
imperfect, are more fully developed than the risk-related
tools, As a starting point for our examination of the relative
cost and risk of new generation resources, we rank a wide
range of supply-side resources and one dermand-side
resource { =nergy efficiency) according fo tiw levelized cost
of electricity, or “LC (Figure E3-2, p. 8)."° This ranking
is based on 2010 data and does not i %Md@ recent cost
increases for nuclear or cost decreases for solar PV and

wind. Because carbon controls could add significant costs to
in technologles but the exact timing and extent of these
costs is unknown, we include a moderate estimate for carbon
cost for fossil-fueled resources, And because incentives such
as tax credits and loan guarantees can significantly affect
LOOE, we examine the LOOE range for each technology with
and without incentives where applicable.

These biases, which are discussed further in the report, are information asymmetry; the Averch-Johinson effect; the throughput incentive; “rent-seeking ™, and the “higger-is-better” bigs
&  Frank Hundowski, Neil Fisher, and Aaron Paelterson, Embrace Blectric Competition or # gwe/a Wa All Over Again (Concord, WA The NorthBridge Group, 2008), 18, hitp:/Avaw nbgroup.comipublicati

Eleotric_ Competition, Or s Deja Wu All Over_Again.pdf, The NorthBridge Group est

smbrace

tes that ratepayers, axpayers and investor were saddled with $200 b aiilm (in 2007 dollars) In "asbove-rnarket” costs

associated with the bulld cycle of the 1970s and 80s. Between 1981-81, shareholders fost roughly $19 bifion as a result of regiedory disaliowances of power plant investments by some regulated utilities; see

Thornas P, Lyon and John W, Maye, "Regulatory opportunism and investrnent behavior: evidence from the US. electric utifity inddey.” Rand fouma/ of Ecoromics, Vol, 3
hittpiiwebuser bus. urmich edu/tplyor/PDFPUblished%20Papers/Lyon% 20Mayo% 2 BRAND% 202005 pdf. The potential for negative consequenes is probably higher today;
has grown significantly while the environmental risks associated with ulility operations, the costs of develbping new gen

9 While our analysis of risks and costs of new generation resources may be of rmnst inferest fo reguls:
regulstors in restructurext states. Regulators in all states can direct electric utlites to invest i oo

10 LOCE indicates the cost per megawatt-hour for electricity over the life of the plant, encompassing all

LOCE data compiled by
California Energy Cornmi
htp: AAveny . LCSUS SO/ &

in Mvertically- in
v dernanchatle resources, which, as this report makes clear, are utilities’ bwest-cost and lowestrisk resources
expected costs (e.g., capital, operatio
he Union of Concerned Scientists (UCS), which aggregstes three common sour sf largely consensus LOOE data: the ULS, Energy Information Administration (EIA), the
ion (CEC) and the investrnent firm Lazard: see Barbara Freese et al., A Risky Proposition (Carnbridge, MA: Union of Concerned Scientists, 2011),

/documernts/clean_energy/a-risky-propesition_report. pedf, LOOE cost

No. 3 (Buturnn 2005): 628-44,
oe the 1980s g
ation  resources, and the pace <\f tachrology developrnent have all incres:

Ubstantialy
ated” stales (where utilities own or control their own generation), 1 also has implications for

s and maintenance, and fuel). We primarily reference

5 for technologies not included in UCE's analysie (viz., biomass co-firing, combined cyele natural gas

generation with CCS, and distributed solar) were estimated by the authors based on comparable resources referenced by UCS.
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OF BELECTRICITY (2010}

HIGHEST COMPOSITE RISK

LOWEST COMPOSITE RISIK

* Cost raviarg based on 2010 deta,

s 1ot reflect moent cost inoresses Tor ruckesy or cost cecreases for soler PV and wirdd,

But the LOOE ranking tells only part of the story. Thegrice for
any resource in this list does not take into account the relative
rist of acquiring it. To establish relative risk of new generation
resources, we return to the many risks identifiedin Figure
ES-1 and compress those risks into seven main categories:

( Construction Cost Risk: includes unplanned cost

, delays and imprudent utility actions
{ Fuel and Operating Cost Risk: includes
availability, as well as Q&M cost risks
{ New Regulation Risk: includes air and water quality

rules, waste disposal, land use, and zoning

ncreas

fuel cost and

{ Carbon Price Risk: includes state or federal imits on

greenhouse gas emissions

{ Water Constraint Risk: inclu
of cooling and process wat

the availability and ¢

of

{ Capital Shock Risk: includes avaliability and cos’
capital, and risk to firm due o project size

( Planning Risk: includes risk of inaccurale load forecasts,
cornpetitive pressure

We then evaluate each resource profiled in the LOOE ranking
and apply our informed judgment o guantify each resource’s
refative exposure to each type of risk." This allows us to
establish a composite risk score for each resource (with the
highest score indicating the highest risk) and rank them
according o thelr relative composite risk profile (Fig

axposLre i

h risk category ranges from "None” to “Very High.” We assigned scores (None = 0, Very High = 4) fo each risk category for esch resource and then sumimed them to estal

ish

an indicative quantitative ranking of composite risk. We also tested the robustness of the risk ranking by caleulating two additional rankings of the risk scores: one that overweighted the cost-related

risk categories and ore that overweighted the environmental-related risk categories

NG FIECABE

JATION
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I Figure ES.4

LT ERATIO
Relative Cost and Rt

; Coal IGCE w/ inc
Large Solar PV w/ incentives ;
Biomass

Geothermal ¢

Biomass W/ Incentives

%

hore Wind Geothermal w/ incentive

INCREASING CCBT (LOCE)

-
el

The risk ranking differs from the cost ranking in several While this report focuses on new generation resources, the
important ways, First, the risk ranking shows a clear division approach fo “risk-aware regulation” described herein works
between renewable resources and non-renewable resources equally well for the “1 or retrofit” decisions concerning

Second, nuclear generation moves from the middie of | existing coal plants facing regulalors and utilities in many

cost ranking o the top of the risk ranking. Notably, energy stes, The question for regulators is whether to approve coal
efficiency ranks lowest in both cost and risk. plant closures in the face of new and future EPA regulations,

or to approve utitity investments in costly pollution contro
keep the plants running. Regulators should treat this much
like an ing: utilities should be required 1o present
mubtiple scenarios differing in their disposition of the coal
planis. The cost and risk of each scenario should be tested
using sensitivities for fuel costs, environmental requiremen
cost of capital, and so forth, In the end, regulators should
enter a decision that addre all of the relevant ris

tive LOCE data, and having :

With largely consensus quant
developed indicative composite risk scores for each resour
we can summarize relative risks and costs of utility

generation resources in a single graph (Figure

&

While this report focuses on new generation
resources, the approach to “risk-aware regulation”
described herein works equally well for the “retire
or retrofit” decisions conceming existing coal plants
facing regulators and utilities in many states.

12 Resources are assumed to come online in 20158

deded
38 v
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MANAGING RISK INTELLIGENTLY 1S ARGUABLY THE MAIN DUTY OF REGULATORS
WHO OVERSEE UTILITY INVESTMENT, EFFECTIVELY MANAGING RISK 1S NOT SIMPLY
ACHIEVING THE LEAST COST TODAY, BUT RATHER [S PART OF A STRATEGY TO
MINIMIZE OVERALL COSTS OVER THE LONG TERM. WE IDENTIFY SEVEN ESSENTIAL
STRATEGIES THAT REGULATORS SHOULD EMPLOY TO MANAGE AND MINIMIZE RISK:

P2 DIVERSIFYING UTILITY SUPPLY PORTFCLIOBwith an evphasis on low-carbon resouross and

L creny efficiency. Diversification—irvesting in different asset classes with different risk profiles—

W iswhat allows investors o reduce risk (or “volatility™) in their investrrent portfolios. Sirvitarly,
diversifying a utility portfolio by including various supply and dermend-side rescurces that behave
independently fromeach other in different future soenarios reduces the portfolio’s overall risk,

0 UTILIZING ROBLST PLANNING PROCESSES for all utility investrrent. Inmany vertically

| integrated rarkets and in some organized marets, roulators use “integrated resource plarning”
() tooversee utilities” capital investrrents. IR 1s an inportant ool toensure that the utilities,
regulators and other stakeholders have a cormon unckerstarding of a full spectrumof utility
resourceoptions; that theoptions are exarnined in a structured, disciplined way, that darmand-side
resouress get eoual consideration alongside supply-sice resources; and that the final resource plan
is understood by all

2 dllovinga cumm retum on const mat iorvwork in progress (GAP) toeneble utilities o finance large

L WL@(LJ&S» dossn't actually reduos risk but rather transfers it frorn the utility to consurers. PWhile

analysts and some regulatons ‘%Mﬁw’ t is approach, s use can ohscure & project’s risk and create

a “rroral hezerd” for utilities to undertake more risky investrrents, Uity investrrent in the: losest-

cost and lowest-risk rescurce, € mymf clency, recuires regulatory adiustrrents that may incluce

Cecoupling utility reverues from sales and performance-based finencial incentives,

7 USING FINANCIAL AND PHYSICAL HEDGES, including bng-temmoontracts. Trese sllow utilities
| lockina price (g, for fuel), thereby evoiding the risk of higher rrarket prices later, But t%mmmm
rrust be used carefully since using thern can Toreciose an opportunity o enjoy loaer rrarket prices

i HOLDING UTILITIES INTABLE for their abligations and carmmitrrents. This helps 1o
¥ create a consistent, stable regulatory ervironment, which is highly valued in the mertetplace and
ensures that agreed-upon resource plans beoome reality.

B OPERATING IN ACTIVE, “LEGISLATIVE” MODE continually seeking out and addressi mg risk,

ol In “judicial mode,” a regulator mm inevidence in forral settings and resohves di
contrast, a regulator aperating in “legisiative mode” proactively sseks to gather all re ww
inforrmation and to find sof u*z:ém@ fo future challenges.

1 REFORMING AND RE-INVENTING RATEMAKING POLICIES 25 appropriate. Todey's ensrgy

| industry faces disruptions similar © those egerienced by the: telecormmunications industryower the
pest o decades, which led reguiators o rmodemize their tools and exgeriment with various types

of incentive mgu lation. Cre area where electricity regulators might profitably cuestion exdsting

practioss is rate design; existing pricing structures should be reviewsd for the incentives they

prowice for custorrers and the cutcorres they create for utilities.

KING PRACTICES that revesl risk. For earmple,

13

dedede

P P

For exarmiple, the use of QVIP financing in Florida could result in

iy never be built. Florida state law prohibits ratepayers from recouping their investment in Levy or other CVWAP-financed projects

P

s

NG

RIGHK-ANe AT FEGLLATION

Progress Energy customers paying the utility more than $1 bilions for a new nuclear plant (the Levy County Nuclear Power Plant) that
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Careful planning Is the regulator’s primary risk management
tool. A recently cor mpﬁ&t@ﬁ IREF by the Tennessee Valley
Authority (TVA) llustrates how robust planning enables risk-
aware resource choices am:% avoids higher-cost, higher-risk
supply portfolios. TVA considered five resource strategies and
subjected each o exlensive scenario analysis. Figure Eﬁ&&—%
shows how these strategies mapped out along an “efficie
frontier” according to TVANs analysis of cost and risk "E'm
highest-cost, highest-risk strategies were those that
maintained TVA's current resource portfolid® or emphasized
new nuclear plant construction. The lowest-cost, lowes
strategies were the ones that diversified TVA's resource
portiolio by increasing TVA's investment | in @%muy effici @r" cy
and renewable energy. The TVA analysis
d@% l erate; maéymﬁ; by wm uH ties Ma? mmh sign f@mtéy

to examine whafha the cost
been property evaluated,

!
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[ Btrategy A: Limited Change in Current Resource Portfolio
“[Btrategy B: Baseline Plan Resource Portfolio
‘[ Btrategy C: Diversity Focused Resource Portfolio
“[Strategy D: Nuclear Focused Resource Portfolio

*[Strategy E. BEDR (Energy Efficiency/Demand Response)
arcl Fenensbles Focused Fesource Portfolio

04e 0.80

Updating traditional practices will require effort and

commitment from regulators and regulatory staff, Is itworth

‘2’/‘ This mmﬁ dmt%eﬁ numerous benefits from practicing
isk-aware regulation

(  Consumer benefits from improved regulatory d@c"ﬂf on-
making and risk management, leading to greater utility
investrment in lower-cost, Eoww—m&;t« FEsOUICEs:

( Utility benefits in the form of a more stable, :wui abé
business environment that enhances long-term planning
capabiiities;

( Investor benefits resulting from lowered threats to utility
cost recovery, which s mutimmmiy preserves utility
credit quality and capital markets access and keeps
financing cosls low, benefitting all stakeholders;

{ Systemic regulatory benefits resulting from expanded
transparency, inclusion and sophistication in the
regutatory process, thereby strengthening st ak&h@éd@
relationships, building trust and improving policy maker
understanding of energy options—all of which wzhamw&
regulators’ ability 1o do their jobs

@

( Broad societal benefits fiowing from a cleaner, smarier,
more resitient electricity system

With two trillion dollars on the line L)O%h the stakes and the
potential benefils are high. If history Is a guide, fewer than
700 state mqu% tors will serve in office during the next 20
years. Fracticing risk-aware regulation will enable them fo

avoid expensive mistakes and identify the most important
utility investments for realizing the promise of an advanced
21 century electricity systern.

:

Effectively managing risk is not simply achieving
the least cost today, but rather is part of a strategy
to minimize overall costs over the long tem.

14 Tennessee Valley Authority (TVAY, TVA's Environmental and Energy Future (Knoxville, TN: Tennessee Valley Authority, 2011}, 161
it Ay tva comdenvironment/ reports/irp/pdiFinal_[RP_complete pdf

15 As of spring 2010, TVA's generation mix consisted mainly of coal (40 percent), returad gas (25 percent) and nuclear (18 percent) (TVA, 73)

SB GT&S 0580954


http://www

{

dek e
P

The U.S. electric utility industry has entered what may
be the most uncertain, complex and risky period in its
history. Several forces will conspire fo make the next two
decad %w@o'méy challenging for electric utilities: large
investment requirements, stricter environmental controls,
decarbonization, changing energy economics, rapidly
evolving technologies and reduced load growth, Succeeding
with this investment c:ém%iwwewbu Iding a smarter,

cleaner, more resilient electric system for the 219 century
at the lowest overall risk and cost—will require
commitment, collaboration, shared understanding,
transparency and accountability among regulators, policy
makers, ufilities and a wide range of stakeholders

These challenges call for new utility business models
and new regulatory paradigms. Both regulators and
utilities need to evolve beyond historical mam ce. Today's
electrici “"ty indust ry presents challenges that traditional
electricity regulation did not anticipate and c:wmoﬁ fully
address, Similarly, the constraints and opportunities for
electric utilities going forward are very different than they
were a cenfury aqm when the traditional (and still
predominant) utiity business model emerged,

Regulators must recognize the incentives and biases that
attend traditional regulation, and should review and reform
their approaches 1o resource planning, ratemaking and
utility cost recovery accordi Ey Ut s must endlorse
regulatory efforts fo minimize investment risks on behalf
of consumers and utility shareholders. This means
promoting an inclusive and transpa
diversifying resource portfolios, supportin
regulatory policies, continually reevaluali w“%‘
and shaking off "we've always done it tha

rent planning process,
g forward-looking
rategies
at way” thinking.

Avoiding expensive utility investment mistakes will
require improved approaches to risk management
in the regulatory process One of the most important
duties of a 21° century electricity regulator is to
understand, examine and manage the risk inherent in

utility resource selection, Existing regulatory tools often
iack the sophistication o do this effecthvely,

Higher risk for a resource or portfolio means that more
value is al stake or that the likelihood of a financial loss is
greater, or both, Qur analysis across seven major risk
categories reveals that, almost without exception, the
résrkm? resources—ihe ones that could cause the most
financial harm—are large base load fossil and nuclear
pémm it is therefore especially important that regulat
and utilities explicitly address and manage risk when
considering the d@ﬁm%@pﬂm? of these resources.

Regulators practicing “risk-aware regulation” mu@ I exnaust
lower-risk investr r‘amh‘*p ons like mwgy efficiency before

allowing utilities to commit huge sums fo hi @Ew-“mk
projects, Regulators should immedi ‘t:@iy notify regulated
utitities of their intention 10 address risks more directly,
and then begin explicitly to include risk ass nent in all
decisions about ulilily resource acquisition,

[

More than ever, ratepayer funding is a precious resource.
Large investrment requirements coupled with flat or
decreasing load W@WM will rean higher ulility rates for
CONBUMErs, Emmﬁ 4 consumer and political resistance
to rising electricity bills, and especially to paying for
expensive mistakes, leaves much less room for error in
resource investment decislons and could pose a threat
Hity earnings.
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Risk shifting is not risk minimization. Some regulatory
practices that are commonly perceived o reduce risk
construction work in progress financing, or “CYWIF")
merely transfer risk from the utility to consumers, This
risk shifling can inhibit the deployment of attractive lower-
cost, lower-risk resources, Regulatory practices that shift
risk must be closely scrutinized {0 see if they actually
increase risk—7for consumers in the short tenm, and for
utilities and shareholders in the longer term.

Investors are more vulnerable than in the past. During
the 1980s, power plant construction cost overruns and
findings of utility mismanagement led regulalors to disallow
more than six percent of utilities’ overall capital investment,
costing shareholders roughly $19 billion. There will be
even less tolerance for errors In the upcoming build cycle
and more pressure on regulators fo protect consumers.
Investors should closely monitor utllities’ large capex
decisions and consider how the regulatory practice
addresses the risk of these investments. Investors should
also observe how the business models and resource
portiolios of specific ulilities are changing, and consider
engaging with utility managements on thelr busine
frategies going forward,

Cost recovery mechanisms currently viewed positively
by the investment community including the rating
agencies could pose longer-term threats to utilities
and investors, Mechanisms like CWIP provide utilities
with the assurance of cost recovery before the outlay is
made. This could incentivize utilities to take on higher-
risk projects, possibly threalening ultimate cost recovery
and deteriorating the utility'’s regulatory and business
environment in the long run,

&

Some successful strategies for managing risk are
already evident. Regulators and utilities should pursue
diversification of utility portfolios, adding energy efficiency,
demand response, and renewable energy resources o the
portfolio mix Including a mbxof supply and demand-side
resources, distributed and centralized resources, and
fossil and non-fossil generation provides imporiant risk
management benefitsto resource portfolios because each
type: of resource behaves independently from the others
in different future 5. In the other direction, failing
s, “betting the farm” on a narrow set

enarios s asking for trouble,

Including a mix of supply and demand-side resources,
disfributed and centralized resources, and fossil
and non-fossil generation provides important risk
management benefits to resource portfolios because
each type of resource behaves independently from
the others in different future scenarios.

Regulators have important tools at their disposal.
Careful planning Is the regulator’s primary tool for risk
mitigation. This Is true for regulators in both vertically-
integrated and restructured eleclricity markets, Effective
resource planning considers a wide variely of resources,
examines possible future scenarios and considers the risk
of various portfolios. Regulators should employ fransparent
raternaking practices that reveal and do not obscure the
level of risk inherent in a resource choice; they should
ectively apply financial and physical hedges, including
long-term contracts. Importantly, they must hold utilities
accouniable for their obligations and commitments,

et

edede
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TOBECTMEREGULATION

THE CHALLENGE FOR U.S, ELECTRIC UTILITIES 18 TO RAISE, SPEND AND RECOVER A HISTORIC
AMOUNT OF CAPITAL DURING A PERIOD OF UNPRECEDENTED UNCERTAINTY. THE CHALLENGE FOR
STATE REGULATORS 18 TO DO EVERYTHING POSSIBLE TO ENSURE THAT UTILITIES” INVESTMENTS
ARE MADEWISELY. TO DO THIS EFFECTIVELY, REGULATORS WILL NEED TO BE ESPECIALLY
ATTENTIVE TO TWO AREAS: IDENTIFYING AND ADDRESSING RISK, AND OVERCOMING REGULATORY

BIASES. THIS SECTION DISCUSSES RISK AND BIAS IN MORE DETAIL.

Kisk arises when there is potential harm from an adverse
event that can occur with some degree of probability. Risk
accumulates from mulitiple sources. In mathematical terms:

Risk = 3 ; Event; x (Probability of Event;)

for a situation in which a set of independent events will

cause a loss with some probability. In English, this means

that risk is the sum of each possible loss times the probability

of that loss, assuming the events are independent of each

other. If a financial | nwm ment vaiued at $100 milion would

be worth $60 million | mnkwp,cm nd the probability of

barnkruptcy is 2 percent, then the bankrm‘my risk ammmm
with hm instrument %md to be ($100 million - $60 million)

% 2%, or $800,000. Thus, risk is the expec fcrai value of &
potential loss. There is an obvnous tie to insurance premiums;

leaving aside transaction costs and the time value of money,
an investor would be willing o pay up to $800,000 to insure
against the potential bankruptcy loss just described.

Higher risk for a resource or portfolio means a larger expected
value of a potential loss. In other words, higher risk means
that more value is at stake or that the likelihood of a financial
loss is greater, or both.

Uncertainty is similar to risk in that it describes a situation
where a deviation from the expected can occur, but it differs
in two respects. First, the probability of the unexpected event
cannot feasibly be determined with any precision. Consider
the potential of much higher costs for natural gas used as

a generation resource for an electric utility. Such an outcome
is certainly possible (and perhaps even likely, given the
potential for an increased rate of construction of new natural
gas generation). But the likelihood and scope of such a
change would be difficult to assess in terms of mathematical
probabilities. Second, unlike risk, uncertainty can result in
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Figure: 7
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either upside or downside changes. As we will s
uncertainty should be identified, modeled and treated much
like risk when considering ulility resource selection. In this
m‘fr‘ ot we will focus on risk and the negative aspect of
uncertainty, and we will simplify by using the term “risk” to
dWEy o both concepts,

The risks associated wit k utility resource selection are m my
and varied and arise from many possible events, as shown i
Figure 7. There are several ways to ¢ amfy these risks. Om&
helpful distinction is made between cost-related risks and
time-related risks,

Cost risks reflect the possibility that an investment will not
cost what one expects, or that cost recovery for the
investment will differ from expectations. Construction costs
for a project can increase between regulatory approval and
project completion. Transmission projects are notorious for
this phenomenon due to unexpected obstacles in siting,

or to unexpected changes in raw material costs.

Costs can change unexpectedly at any time. For example,
a catastrophic equipment fallure or the adoption of a new
standard for pollution control could present unforeseen costs
that a ulility may not be willing to pay 1o keep an asset
operating. Plan wciﬁ for cost recovery can be disrupted by
hamg@w in costs for which regulators are unwilling to burden
ustomers, or fmr other reasons. If an assel becomes
ormwwtc useless or uneconomic befmm theend of its
predicted economic life, a regulator could find that it is no
longer "used and useful” fo consumers and remove it from
the ulility rate base, In these ways, decisions made by
ulilities and ?m r regulators may turm out 1o be much mere
m’éty than initially expected. For this reason, it Is especially
nportant Ma rwu% tors and ufilities consider a full range of
ﬁ ons and resources at the time a major investment
decision is made.,

Time risks reflect the possibility that circumstances will
change over the life of the investment and materially affect
both the cost of the investment and the degree to which it

* mmmﬁhm celans ooour ‘

fanellhe prsses nanel e
*Ervironrrental rules change

e oows e eneacled oo Copanily
*Better supply options meterialize
abeboiic el ot

* Audliary resouroes (&0, transrmission) delayved
e ooennen ooy Becl dleoes

benefils consumers, Sometimes this risk can mani iest iiself
even belween the time a utllity makes a decision and the
tirme approval is muqi t. For example, anticipat uﬁ load
growth may not materialize, so that a planned generation
resource s not needed, at least not now.

Time risks also reflect the fact that, for some investments,
some essential condition may not occur on a schedule
necessary for the investment to be approved and
constructed. Consider the dilemma of the developer who
wishes fo build a low cost wind farm in an area with weak
electric ransmission. The wind | m};m might require three
to four years o build, but the fransmission capacity needed
to move the power to market may mm five o seven vears lo
bulld—if the development goes relatively smoothly, Inves

may forego the wind farm due o unceriainty that the
fransrission will be buill, while at the same time the
transmission might not be built because, without the wind
farm, it is simply too speculative,

Decisions made by utilities and their regulators
may turn out to be much more costly than initially
expected. For this reason, it is especially important
that regulators and utilities consider a full range
of options and resources at the time a major
investment decision is made.

in the power sector, investments are so long-lived that tim

can be measured in generations, Generally mmk nd,
regulators consider it most falr if the generation of consumers
that uses an assetl is the same one | ha ;my& for the asset,

Burdening customers before or after an asset s useful is
ofien seen as violatir %g the “just and *@mmabi@ standard.
The challenge 1o the ufility, ih@r@f«)' s to i cost recovery

for an asset info the tmeframe in wh Ch s used, Otherwise,
the utility may bear the risk that m@u% tors or consumers
push back on assuming responsibility for the cost,
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Ferecties o Risk
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anetgy service. and even comfolt and enerlalninient

» |nvestors focls on the safely m* e income value of he
levestiient (stock o bond holders) or pedlonance of he

Muc?‘ has @hangm ince non-uti E ity power producers led the
most recent industry bulld cyele in the 1990s and early
”000@ To b@g n with, financial r@fm ms from Sarbanes-Oxley
legislation, OW:EF on fixes,” and now the Dodd-Frank Act
have substantially changed some accounting and corporate
disclosure mEm Investors now receive more detailed and
transparent information about asset value (which s “marked

to market” }md possible risks in contracts with counter-parties.

These changes, whic
assoclated effect of discour
risks are judged 1o be oulsi & circumstances, This
especially relevant for markets served by the competitive
generation system that now supplies power to about half of
U.S, consumers. It is unclear whether independent generators
have the tolerance {o take on large, risky investments,
experience indicates that there Is a frontier beyond which
these companies and their backers may not go.

s, may have the
trments if cumulative

"?t his dynamic could raise important questions for regulators

i restructured markets, who need to be aware of the degree
‘tm which investment options might be limited by these
concerns, In vertically-integrated markets, regulat
concern should be not to expose uliliies, customers and
investors to undue risk by approving large projects that
informed market players would not pursue in the absence
of regulatory approval,

One potentially risky but necessary area of investment is in
low carbon generation technologies, The U.S. power sector,
which has embraced generation m‘)mr‘}@‘?“ﬁ' , I8 required o
develop these technologies, Some promising twhméag es—
inctuding coal-fired generation with carbon capture and
storage or sequestration (COS), advanced nuclear power
tech ‘wém"@% and offshore wind—nhave not reached a
commerc

o

)

confacl coUniereties) I acdiion invesore value Wil
veshimeris based o el expectalions ol berfomance.

» Employees oo uniquely conniecied o the uiliy. Their
enployment salety and vellbare 8 ditecily relaled o thel
company s abllily 1o slccead and o avald Fnancial
calbstiophes

Society generally hee eopeclelions e Ulliies renging o
providing reliable. bnlvereal service to aiding i ecohornic
develooment o achieving saliefaclony envitonmenial and
Salety pollomiance Risk hreaiens (hese goals

4

i A i

Risks requiring special attention are those associaled with
investments that "bet the company” on thelr success,
Oqawa sized investments in any generation technology
may trigger this concern, as can a thousand-mile extra high
voltage transmission line, Any investment measured in
bithons of dollars can be proportionately out of scale with
what a utility can endure if things go awry, Regulators should
avoid a situation where the only cholces left are a utility
bankruptcy or a waiving of regulatory principles on prudence
and cost recovery in order to save the utility, placing a
v but unreasonable cost burden on consumers,

jal stage or become available at a commercial price,

thez @V@%MH ﬁ Ewm? Eaug@ ww?mm?‘ “&% by w@@k “‘zg}
pre-app mvaé or automatic rate Increase mechanisms, As
discuss these appr uach@w don't actually reduce risk,
but insteac Lo consumers. This may give companies and
‘ ense of security ar md nduce them {o take on
excessive risk. In the long run this could prove problermatic for
investors; large projects can trigger correspondingly large rate
m(g:\rw @W@mg ater, when regulators may not be as invested

n the initial deal or as willing to burden consumers with the
fu?% F“E&%’Wﬁ increase.

Given the influence of regulators on the operations and finances
of I0Us, ratings agencies and invesiors closely monitor the
”t%:ﬁ”d@? ons between ulility execulives and regulators.
Constructive relationships belween management and m@u% i
are viewed as credit positive; less-than-constructive
relationships, which can result from requiators’ concerns about
the competence or integrity of utility management, are seen
a5 a credit negative and harmful fo a ulility's business wm@m@‘w

Analysts define a constructive regulatory climate as one that
is likely 1o produce stable, pi ”@d table regulatory outcomes
over time. "Constructive,” then, refers as much to the quality
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of regulatory decision-making as i does to the financial

resward fm" the utili ?,y“ Regulatory decisions that seem overly

generous ‘2’0 utilities could raise red flags for analysts, since

these decisions could draw fire and destabilize the regulatory
climate. ﬁmaEyw 5 may also become concerned about the

ht quality of a company if the stale regulatory process

appears o become unduly politicized.
While they intend only to observe and report, r‘atémg@ agencies
can exert a discipline on ulility managements not unlike that

imposed more formally by regulators, For examp E ratings
agencies can reveal to utility managements the ‘"zga of
factors they should consider when for "nué ; mg an investment

Here are three cheervations ahout risk that shouid
be streseed:

1. RISK CANNOT BE BLIMINATED—BUT IT CAN BE
MANACED AND M!N!MEZED Because risks are defired in
terrsof mjtm is {hy definition) prcbeble that some mvk
rreferializes. Inutili memmmm this rreans that riskowdll
evenbually find s way iInfo oosts and then into prices for electricity.
Thus, talking on risk s irevitable, and risk will tranglate into
COrsUTEr o investor costs—into dollars—sooner or lafer. Later
in this report, we present reconmrendations o e megulators
fo practice their rack: in a “risk-aware” menner—incorporating
the notion of risk into every decision.

2. 1T 18 UNLIKELY THAT CONSUMERS WILL BEAR THE
FULL COST OF POOR UTILITY RESOURCE INVESTHMEENT
[EC!SKMS Fut another way, it is likely that utility investors
{(specifically sharghoickrs) will Emwmfmmw fo losses resulting
frorn poor utifity investrrents than invears pest. Inutility regulation,
risk is shared between investors and custorers ina complex
rrenrer. 1o begin, the edstence of regulation and a group of
(m torrers wiho depenc on utility service s what rmsles investors

itling to lend utilities rassive anmounts of rorey (since rrost
m%mm Feave fewy 1 any choioes and rrust pay for utility sesvics),
But the actusiization of a risk, a loss, may be apeortioned by
recuiiators o ut ility invesstors, utility consurrers, or a cormbination

of both. Thevery large arvount of capital investrrent that's being

mmmaw ard the result irg upwerd pressueon electricity rales

il make itvery uneppealing {cw" &l{myumtﬂmb e for reguletors
tm ke ratepeyers pey for the full cost of utility misteles.

3. IGNCRING RISK IS NOT A VIABLE STRATEGY.
Regulators (and utilities) cannot avoid risk by failing tormake
cecisions or by relying on fate. In utility regulation, perhaps
more so than anywhere else, making no choice is itself making
a choice. Following a practice just because “it’s always been
dore that way,” instead of making a fresh assessment of risk

and atterpting to limit that risk, is asking for trouble.

, thereby influencing utility decision-making. Both

5 and ratings agencies sel Emg lerm standards and
expectations that utilities are wise to mind; both can provide
utilities with feedback that would discourage one investment
strategy or another,

regula

Szm@ ratings reflect the issuer's perceived ability to repay
investors over time, the ratings agencies look negatively on
e&ﬂw:hm@ that increases event risk. The larger an undertaking
(e.q., large conventional g@n@m‘ é(“m ézw@wmm?‘@} the larger
the fallout if an unforeseen event undermines the pr m;eo%

The pressure o maintain h@méthy financial metrics may, in
practice, serve 1o imit ulilities’ capital expenditure programs
and thus the size of ra

ate increase requests to regulators,

NG

U WW\J

Notwithstanding economic { ,
are not perfectly rational actors and ?hm their w&gu% on s n
textbook-perfect, either. Utility regulation faces several bullt-i
biases, WWCE% one can think of as iw«;dw ndds against which
mgu%”“ must sall, For exarmple, mda raditional cost-of-
SErvice 1 @qu%&%‘ o, @ considerable portion of fixed costs (e,
investment in rate base) is often recovered through variable
charges to consumers, In this circumstance, one would expect
utifities fo have a bias toward promoting sales of the product
once rates are establis éwaﬁ»—w@ es increasing sales might
result in increased financial,rellabliity, or environmental risks
and mean the inefficient use {\f consurmer dollars.

ry, we must admit

M
in

i

Here are five natural biases that effective utility regulation
must acknowledge and correct for

( Information asymmetry. Regulators are typically
handicapped by not having the same information tha
is available to the regulated companies. This b@wr‘mm
especially significant for the utility planning process,
where regulators need 1o know the quE range of potential
options for meeting electric demand in future periods. In
the same vein, regulators do not normally have adequale
information to assess market risks. These are the
considerations of CFOs and boardrooms, and not
routinely available {o regulators. Finally, oper ‘a‘i'w utilities
often exist in & holding company with affiliated interests,
The regulator does not have insight info the | "ﬁm g an of
the parent and subsidiary company—ithe role played by
the utility in the context of the holding company.

( The Averch-Johnson effect. A second bias is recognized
in the economic iterature as the tendency of utililies fo
over-invest in capital compared o labor, This effect |
known by the name of the economists who first mmm
the bias: the Averch-Johnson effect (or simply the % J
effect”). The short form of the A-J effect is that permitting

JATICN 2B
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a rate of return on investment will have the predictable
effect of encouraging more investment than is oplimal,
This can manifest iself in the “builld versus buy”
decisions of integrated utilities and is often cited as a

500 This effect
can also be observed in the "invest versus conserve”
decisions that utilities face. Under traditional regulatory
rutes, most utilities do not naturally turn toward energy
efficiency investment, even though such investments are
usually least cost for custormers.

The throughput incentive. A third bias that can be
observed with utilities is the bias for throughput—selling
more electricity, This is undoubledly grounded in the vision
that most utilities have traditionally had for themselves:
providers of electricity. Importantly, the regulatory
apparatus in most states reinforces the motivation 1o sell
more electricity; a ulility’s short-run profitability and s
ability to cover fixed costs is directly related 1o the utility's
level of sales. The price of the marginal unit of electricity
often recovers more than marginal costs, so utiliies make
more if they sell more. Only in recent years has the
concept of an energy services provider developed in which
the utility provides or enables energy efficiency, in addition
o providing energy.

( Rent-seeking. A fourth bias ofien cited in the lieralure is
“rent seeking,” where the regulated company attempts 1o
use the regulatory or legislative processes as a means of
increasing profitability (rather than improving its own
operational efficiency or compedtitive position). This can
occur when firms use law or regulation {o protect markets
that should be open fo competition, or to impose costs
on competitors,

( “Bigger-is-better” syndrome. Another bias, r
Averch-Johnson effect, might be called the *
better” syndrorme. Utilities tend 1o be conservative
organizations that rely on past strategies and practices,
Making large investments in relatively few resources had
been the rule through the 1980s and into the 1990s,
Because of this history, utilities may not naturally support
smaller scale resources, distributed resources or
programmatic solutions to energy efficiency

Regulation can compensate for these biases by conducting
clear-headed analysis, using processes that bring forth

a maximum of relevant information and, very importantly,
identifying the risk that these biases might introduce into
ufility resource acquisition. In the next section, we will lake
sks facing generation resource
ments, which involve some of the most important and
complex decisions that regulators and utili

38
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To be fair, smaller scale resources can add transaction and labor expenses for which the utility woukd not earn a return under fraditional cost of service regulation, which helps to explain limited utitity

interest in these aptions
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THE CAPITAL INVESTED BY U.S. ELECTRIC UTILITIES TO BUILD A SMARTER, CLEANER, MORE
RESILIENT ELECTRICITY SYSTEM OVER THE NEXT TWO DECADES WILL GO TONARDS UTILITIES
CENERATION, TRANSMISSION AND DISTRIBUTION SYSTEMS.

in this section we'll take an in-depth look at costs and risks While this discussion is most directly applicable to regulators

of new generation resources, fo

{

For these and other reasons,

several reasons, (and other parties) in vert ca&éy— ! @g; ated states where eleciric
utitities build and own generation, it also has implications for
regulators (and other parties) in mmmwm states. For
example, regulators in some restruciured states (e.q.,
Massachusetis) are beginning to allow transmission and
distribution (T&L) utiliies fo own generation again, specifically
small-scale renewable generation {o comprise a certain
percentage of a lar @a enewable portfolio standard. Further,
enhanced appreciation of the risks embedded in T&D ulilities’

Generation investment will be the largest share of utility
spending in the current bulld cycle; this is where the
largest amount of consumer and investor dollars will
be at stake.

Today’s decisions about generation investment can shape
tomorrow’s decisions about transmission and distribution
investment (by reducing or increasing the need for such

investment). supply portfolios wu%ci induce regulators o require utilities to
Technology breakthroughs—in energy storage, grid fﬂmiw best practices with regard to portfolio management,
management, solar PV, and elsewhere—could radically thereby reducing the risks and costs of providing electricity
transform our need for base load power within the useful service,® Finally, regulators in all states can direct electric
lives of power plants being built today. ufifities fo invest in cost-effecti ve d@mam‘ﬁ—@ de resources
Generation resources are among utilities’ most visible and which, as the following discussion makes clear, are ufil
controversial investments and can be a lightning rod for lowest-cost and lowest-ris UFees.

protest and media attention, intensifying scrutiny on
regulatory and corporate decision-makers.

The industry’s familiarity with traditional generating
resources {(e.g., large centralized fossil and nuclear

plants) and relative lack of familiarity with newer "E'Ew last time r@guia‘t‘@%{:ﬁ U.S. utilities played a central role in
alternatives (e.g., demand-side resources such as energy uilding significant new generating capacity additions as part
efficiency and demand response, or smaller, modular of a major indust y wide build cycle was during the 1970s and
generating resources like combined heat and power) 80s.4° At the fime the industry’s overwhelming focus was on
could lead regulators and utilities to underestimate risks nuclear power, with the Nuclear Regulatory Commission (NRC)
associated with traditional resources and overestimate licensing construction of more than 200 nuclear power plants.

risks of newer resources.
The difficulties the indusiry experienced were numerous

and well-known: more than 100 nuclear plants abandoned
in various stages of developr 41 cost overruns so hi qh
that the average plant cost three times initial estimates;*
total “above-market” costs to soclety—ralepayers, laxpayers
and shareholder stimated at more than $200 billion

Finally, investment decisions about generation resources
(especially nuclear power) during the last ma;m build
cycle that was led by vertically-integrated utilities, in ?E
1970s and 80s, destroyed tens of billions of do EE of
consumer and shareholder wealth.

a comprehensive look at risks

and costs of today's generation resources is in order,

40
41
42
43

For a discussion of energy portfolic managerment, see Willlar Steinhurst et al., Energy FPortfolio Management: Tools & Resources for State Public Utility Commissions{Cambridge, MAC Synapse
Energy Economics, 2006), hitp:/Awaw. narue org/Grants/Docurments/NARUC %LUMJI” ZOFLULE % 20000% 20F INALT pdf.

The natural gas buikl-out of the 1980s and early 2000s was led by independent power producers, not regulated utilities.

Peter Bradford, Subsidy Without Borders: The Case of Nuclear Power (Cambrridge, MA: Harvard Electricity Policy Group, 2008)
US. Energy

nformation Administration, An Analysis of Nuclesr Power Flant Construction Costs Washington, DC: U S, Energy Informeation Adrrindstration, 1086}

Hurtowsk, Fisher and Patterson, Embrace Electric Competition, 18, Estimate s expressed in 2007 dollars
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While the vast majority of these losses were borne by
ratepayers and taxpayers, ulility shareholders were not
immune. Belween %%’E and 1991, UG r@qu%awm
disallowed about $19 billion of investment in power plar
regulated utiliies (Figure 8.4 Du ‘”@q this ‘& me, the i ﬂdum,w
invested approximately $288 b , 50 that the
disallowances equ (ﬁ [0 abau? @ 6 percent of total
investment. The majority of the disallowances were related to
nuclear plant construction, and most could be traced to a
finding by regulators that utility management was to blame.

fel

To put this in perspective for the current build cycle,

consider Figure 9, For illustrative purposes, it shows what

disallowances of 6.6 w@zmu nt of IOU investment would look

like: for shareholders in the current build cycle, using

Brattle’s investmen pm;@% lons for the 2010-2030 timeframe

mf@"@ncad earlier. The {able also shows what shareholder

losses would be if reguiators were fo disaliow investment a) at

haé% the rate mf disallowar nces of the 1981-21 period; and b)
al twice the rate of that period .

Obviously, the awmg@ disaliowance ratio from the 1980s
doesn’t tell the fué% tory. A few companies bore the brunt of
the regulatory action. One of the largest disallowances was for
New Y’nrk 5 Nine Mile Foint 2 nuclear plant, where the
$2 billion-plus disallowance was estimated 1o be 34 percent of
the pm;@cm@ ininal capital cost.? WE“&@ N"a‘wwa Mohawk, the
lead utility partner in the project, wrote down its investment in
the project by $880 million, Wmmm o & W@o\r EOW@E&; ed the
company’s credit rating by two nofches, from A- to BBB. Thus
the risk inherent in building the Nine Mile Point 2 plant was
visited on investors, who experienced a loss of vméua of at leas!
5‘38% mitlion, and consumers, who faced potentially higher
interest rates going forward., A major ‘fmm@ of this paper s
how consumer and Investor inferests are infertwined, and ho
both are served by strategies that limit ri w

Another large disallowance was levied on Facific Gas and
Hectric for the Diablo Canyon nuclear station in California. The
disallowance fook the form of a “performance plan” that set
consumers’ price for power at a level that was 'vvﬁ@ﬁmd@m of
the plant’s actual cost, In its 1988 decision, the Californi
Fublic Utilities Commissi m apmww as ment Wh@f@by
PG&E would collect $2 b less, calculated on a net present
vatue basis, than it had éﬁpmt o build the plant. The (EWUF’¢‘~
decision to approve the disallowance was col ?mwm lal, and
some felt it didn't go far enough. The California Division of
Namwaw Advocate DW} calculated PGEE’s actuaﬁ
imprudence” fo be $4.4 billion (about 75 percent of the
plant’s final cost), and concluded that customers ultimately
paid $2.4 billio “& more than was prudent for the plant—even
after the $2 billion disafiowance?

E

A major theme of this paper is how consumer
and investor interests are intertwined, and how both
are served by strategies that limit risk.

These two large disallowances could be joined by many mth@fr
examples where unrecogn sk “came home o ro
Consider the destruction of shareholder equity ?“ha toce

when Fublic Service of New Hampshire (PSNH) dec
bankruptoy in 1988 bmauﬁe of the burden of ifs investment
in the Seabrook Nuclear Unit, or the enormous debt burden
placed on ratepayers by the faE ure of New York's largest ufility,
Long Island Lighti w Company (LILOOY, or the 18983 multi-
bition dollar municipal bond defaull by the Washington Public
Fower Supply Systern (WPPSS) when it abandoned attempts
to construct five nuclear units in southeast Washington,

44 Lyon and Mayo, Regulatory opportunism, 632

45 Assumes 70 percent of investrent is by regulated entities. Hlustrative estimates do rot include potential losses for utility customers or taxpayers

46 Fred I Denny and David E. Dismukes, Power Systern Operations and Electricity Markets (Boca Fa

o1, FL: CRC Press, 2002), 17

47 The California Public Utiites Comrdssion Declsion is avallable on the Lexds database sty 1888 Cal, PUC LEXIS 866 30 CF UCZd 188, 80 P UR 4th 141, Decermber 16, 1888, As Amended Jure 18, 1888
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All of these financial disasters share four important traits;

« aweak planning process;

« the attempled development of large, capital-intens
central generation resources;

« utility management's rigid commitment to a preferred
investment course; and

o burden consumers with costs
etrospectively 1© be imprudent

«  regulators” unwillingness o
judged re

We do not propose to assess blame twenty-five years later,
but we do question whether the regulatory process correctly
interpreted the risk involved in the construction of these
plants—whether, with all risks accounted for, fhmm plants
should actually have been part of a “least cost” portfolio for
these utilities. The lesson s clear: both mfmi‘mm and
custorners would have been much better served if the
regulators had practiced “risk-aware” regulation,

Finally, while the financial calamities mentioned here rank
qu the ind m? ry's worst, the polential for negative
m@qu&zmw s probably higher foday, Since the 1980s,
electric demand has grown significantly while the
environmental risks associated with utility operations, the ¢
of developing new generation resources, and the pace of
technology (i@vaiawmmf have all increased substantially. And,
as noted eat electric utilities have enfered the current build
cycle with Ewwm financial ratings than they had in the 1980s.

i

i

{5 of a variety of
that ww Ltmm fmﬁ operating characteristics.
Some plants have high capital costs but lower fuel cosls (e.q.,
coal and nuclear) or no fuel costs (e.g., hydm wind, solar F\V),
Cther wian‘%ﬁvs have lower capital costs but relatively high fuel
and operating costs (e.g., natural gas combi wd cycle). Some
plants are designed {o operate continuously in “base load”
mode, while others are designed to run relatively few hours
each year, ramping up and down quickly,

Some resources (including demand 1 mmm@} off@M
capacity in the sense that they are able :
“dispatchable,” in real time, while @M@ resources are
m’i‘ dispatchable or under the control of the utility or syslem

operator (e.g., some hydro, wind, solar PV,

CGeneration resources also vary widely in their design lives and
exposure lo climate regulations, among other differences.

None of these characteristics per se makes a resource more or
less useful in a ulilily’s resource “stack. ﬁ&”ﬂ@ utility systems
operate with a large percentage of generation provided by
base load plants, Other systems employ a Ea\r‘ga amount of
non-dispatchable generation EéE«ef wind energy, combined with
flexible gas or hydro generation to mméy capacity, What's
important is how the resources combine in a portfolio,

: xew“mnﬁ in m@& Fw (”Mméwmdm Fublic Uiilitles Commission

. wd ?ha portfolio for Xcel Energy would
production, mixed in "“h
wtwaé gas Jeneration a&md omer base load coal plants. Xeel
has learned how o manage s system 1o a@mmmmi e large
arnounts of wind production even though wind is not a “firm”
resource, In October 2011, Xee Eanmy set a world record for

wind energy deployment by an integr utility: in a one-hour
period, wind power pr@v ided 5‘“ & m, cent of the energy
delivered on the Xeel Colorado syst

48 Mark Jaffe, “Xoel Sets World Record for Wind Power Generation

" The Denver Post, Novernber 18, 2011, http/Awww denverpost.comvbreakingnews/cl 18342896

e e
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| Figure 10
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Source: Union of Concerned Scientisis

estimates from these three sources to produce a graphic
Hlustrating LOOE for a range of resources {F'qmm 10).987
data is expressed in dollars per megawatt-hour, in 2010

the

o5 it's dollars, for resources assumed to be online in >CM
possible to summarize and compare their respective costs The UCS chart allows a visual comparison of the relative LCOEs
in a single numerical measure. This quantity, called the arnong the selected group of resources. The width of the bars in
“levelized cost of electricity,” or "LCOE,” indicates the cost the chart reflects ‘{m u‘w:wmwy in the cost of each %”mmm&
per megawati-hour for electricity over the life of the plant. zm%u(ﬁ ing the variation in LCOE that can result in differe
LCOE encompasses all expected costs over the life of the ons of the U.S. The& UCS report also shows the r%@m’&@@’
plant, including costs for capital, operations and Edf ive exposure fo future carbon costs—not surp
maintenance (O&M) and fuel. cmi-t‘)a@m generation would be most heavily affect

. . . bl M g I g 1 B I i ety pub E e gy s
Three of the most commonly cited sources of LCOE data for well as their dependence on federal investment incentives ™

new U.S. generation resources are the Energy Information
dministration (EIA); the California Energy Commission
(CECY; and the international advisory and assel management
firm Lazard. In a recent publication, the Union of Concerned
Scientists (UCS) combined the largely consensus LOOE

48 Freese et al., A Risky Proposition, 41.

50 The UCS report estimated incentives by including tax credits for a wide range of techrologies and both tax credits and loan guarantees for new nuclear plants. Tex credits currently avallable for wind
and biomass were assumed fo be extended to 2015 for flustrative purposes

2w PRECTICING RISK-ANR

STION
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b Figure 11
We'll use these LOOE estimates to illustrate the combined e
atiributes of cost and risk for new gwwra“@r resources, Todo
this, we'll take the midpoint of the cost ranges (including a

HIGHEST LEVELIZED COST
medium estimate for costs associated with carbon controls) OF ELECTRICITY (2010)

for each ‘?’@chmé@gy and create an indicative ranking of these
resources by highest to Ewm@ LOOE (Figure 11),

e

For consistency, we use UCS's data compilation, which is based
on Z'MO cost estimates, without modification. But the amudf
rpower in 2015 is likely to be sharply higher than
stimate following the Fukushima nuclear accident and
r@wm experience with new nuclear projects. For wind and
photovoltaic power, the actual cosls in 2015 are likely 1o be
lower than the estimate due o recent sharp cost declines and
the: 2011 market prices for these resources®’

Several observations are in order about this ranking. First, some
of the technologies show a very wide range of costs, notably

y “Ewm‘aai Ea\rm solar FV and solar “hwt“‘naﬁ The breadth of the
range represents, in part, the variation In perforrmance of the
technology in various regions of th @Comw in other words, the
underlying cost estimates incorporate geographically varying
geothermal and solar energy levels,

E’»@wnd the estimates used in this ranki neg are sensitive o
any assumptions; the use of the midpc ent a
t@w nology in this mm& "&q may suggest gr r precision than
is warranted. For this reason, the ranking shown in Figure 11
should be mmmwmd an indicative ranking. Two resources
that are adjacent in the ranking might switch places under
modest twm;m n the assumptions. That said, the ranking

is u@@fué for visualizing the relative magnitude of cosls
associated wi h var mm technologles and how those are
wm‘;wmd to compare in the next few years,

Finally, the LOOE ranking t

‘ 5 only part of the story, The ‘
main point of this paper Is that the price for any resource ‘

does not take info account the relative risk of acquiring it. In LOWEST LEVELIZED COST
. BB
the next section we will examine these same technologies OF BLECTRICITY (2010)
and estimate the composite risk to consumers, the utility and * Cost ranking bassd on 2010 diata.
e s Doss not reflect recent cost Increasss
its investors for each technology. Tor ruiclesr o cost clcrsases for solar
FV anchwine,

The main point of this paper is that the price for
any resource does not take into account the relative
risk of acquiring it

51 For example, in November 2011, the Colorado Public Utilities Commission approved a 25-yvear power purchase agreement batween Xoel En
The contract pric $27.50 per WV in the first vesr and escalates at 2 percent per year. The levelized cost of the condract over 25 vear 3475, les
wined withy incentives in 2015 in Figure 10, For det 2 Colorado PUIC DM! ion No, C11-1281, available at hitp:/Awww colorado.govidof @-a;wq!eh -static/0=C11-12818cof=FORIDA 108 = UTF-
B&ss=Search. For more on wind power cost reductions, see Ryan Wiser et &l |, sent Developments in the Levelized Cost of Energy from LLS. Wind Power Projects” (presentation materials funded
by the Wind and Water Power Prograim of the U8, Department of Energy. Febrruary 2012}, hitpi/lestd bl govies/ermsireportsiwind-energy-oc -2012 poff. For information on recent PV cost
recuctions, see Solar Energy Industries As: fon (SEIA), (LS Solar Market Insight Report: 2011 Year in Review. Executive Summary Washington, DC: Solar Energy Industries Assaciation, 2012),

10-11, hitp /e seia orgles/research/solarinsight

qy and NextEra for wind generation in Colorado
7 55 than the sssumed lowest price for onshore

deded
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in Figure 7 on p.
and cost-related r w“(s» that altach 0 a decis
utility resource. We will now examine various gener ration

21, we identified many Gf%h@ time-related
on to choose a

resource choices in light of these ris m grouping those
examples of risk info seven calegorie

( Construction Cost Risk: includes unplanned cost
increases, delays and imprudent utility actions

( Fuel and Operating Cost Risk: includes fuel cost and
availability, as well as Q&M cost ri

{ New Regulation Risk: inciudes air and water quality
rules, waste disposal, land use, and zoning

( Carbon Price Risk: includes state or federal imits on
greenhouse gas ermissions

(  Water Constraint Risk: includes the availability and cost
of cooling and process water

( Capital Shock Risk: includes availability and cost of
capital, and risk o firm due o project s

( Planning Risk: includes risk of inaccurate load forecasts,

competitive pressure
These risks are discussed in detail below,

CONSTRUCTION COST RISK

Construction cost risk is the risk that the cost to develop,
finance and construct a e;@wmi on resource will @m@m
initial estimates. This risk depends on several faclo

including the of the mo; ect, the complexity of ?E
technology, and the experience with developing and building
such projects, The riskiest generation resources in this
regard are technologies still in developrnent, such as
advanced nuclear and fossil-fired plants with carbon caplure
and storage, Constructi ion cost risk s especially relevant for
nuclear plants due to thelr very large size and long lead
times. (Recall that a large percentage of the disallowed
investrent during the 1980s was for nuclear plants.}
Transmission line projects are also subject {o cost overruns,
as are other large generation faci E 6% For exampie, Duke
ergy's Bdwardsport coal gasification power plant in Indiana
has experienced billion-dollar cm? overruns that have raised
the installed cost to $5 593 per kilowalt, up from an original
estimate of $3 364 per kilowatt,”

The lowest consty u(;,%’ on cost risk attaches to energy efficiency
and to renewable technologies with known cost histories. In
the middle will be tmémméug es that are variations on known

e =

B

llemnitiency vs Hisk

Cotlain resouioes ke wind solad end some hydiapower
faciliies, ate leimied inlermitlenl o vanieble resniitces
s meane el while The power plodiiced by e cal
be well charac ierized over the long Tun and stiecesstully
predicled o he sl nun B cennol be pieckeely achieculed
ot dispatched Bor that Peaeon varlable resouces are
aesiaried & rellively low capaclly valle compared © base
load power planies. Thie operaling chatacierisies of any
tesolice allect now s Inegialed o 2 genetalion
poriolio, sid how ls oulol s balariced by olhel tesolices

Thie charclenstic inennitlency should not be confused
with he concenl of tel. Becal] thal tiek I thie eoected
valtie of o loes 0 b case e oes olld be thal the
plant doss nol perfon as epecied el 1 does nol U
s mole o generclion poriolio. Bor wind or solar resolroes,
intenpiiency ls expecied and s acconnodaed n the
portfolio desion. Thus, whitle Individual wind lowels niighl e
hichly intenoiient and a eollection of overs 08 wind e
less 50, wind ln can also be tepoed Bighily reliable and
Dresent low Hek because Ll likely operdle es predicled

sl

\ /

e A o A A

technologies (e.g., biomass) and resources with familiar
construction regimes (e.g., gas and coal thermal plants),

FUEL AND OPERATING Q0BT RISK
Fossil-fueled and nuclear generation Is assigned “medium
risk” for the potential upward trend of costs and the volatility
farniliar to natural gas m méy iciency and renewable
gm&mf on have no “fuel” risk. Biomass is assigned “medium”
ory because of a degree of uncertainty about
the cost and environmental assessment of thal fuel. Planis
with higher labor co ”‘mwnw%ﬁvs (e.g., nuclear, coal) have
higher exposure o inflationary impacts on labor cosis,

=i

ﬁmaéy@?ﬁ; are split on the question of the fulure price of
natural gas. The large reserves in shale formations and the
abyifit y to tap those resources @mwwmceﬁéfy through new
applications of technology suggest that the price of natural
gas may remain relatively low for the future and that the
traditional volatility of natural gas prices will dampen. On the
other hand, there remains substantial unceriainty about the
qu‘ ty of econornically recoverable shale gas reserves and

ontroversy about the industrial processes d to develop
thme un wnvwﬁma& resources,

0
o]
(0]
&

52 Jobhn Russell, "Duke CEC about plant: Yes, it's expensive,
Edwardsport-iure

* The indianapolis Star, Qeotober 27, 2011, http/dwww indystar comfarticle/201 11027/NEWS14/110270380/star-wato h-duke-energy

53 Ressarch conducted by the late economist Shimon Awerbuch demonstrated that adding renewable resources o traditional fossi! portfolios lowers portfolio risk by hedging fuel cost variability, see

Awerbuch, “How Wind and Other Renewables Really Affect Generating Costs: A Portfolic

k Approach” (presentation at the European Forum for Renewable Energy Resources, Edinburgh, UK,

Cotober 7, 2008}, hitp/Awaw eufores orgfuploads/media/fwerbuch-edinburgh_rsk-portoflios-security-distver-Qct- 20081 pdf. For a discussion of using renewable energy to reduce fue! price risk and
envirormental compliance in ulility portfolios, see Mark Bolinger and Ryan Wiser, Balancing Cost and Risk: The Treatment of Renewable Energy in Wastern Utility Resource Plans (Berkeley, CAc

Lawrence Berkeley National
d e e

G RSP AT

Laboratary, 2008), htp//eetd blgoviea/ems/reports/S8450 pdf
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TION RISK

Nuclear genera is famously affected by accidents and the
resuling chan "”E regulations, The recent accident at

Fukushima in Japan illustrates how even a seemingly set
technology—in this case, boiki w water reactors—can

There is also significant debate at the moment about the
future price of coal, &‘;m@ sources of low-sulfur coal are
being depleted, raising the specler of higher production costs.
Further, U.S, exports fo China and other countries suggest
upward pressure on this traditionally stable-priced fuel,

In this report we have steered a middle course on natural gas receive increased regulatory scrutiny. Further, the future of
and coal prices, assuming that the risk of future surprises in nuclear waste disposal | emam«, unclear, even though the
natural Es and coal availabil ?y and uw ce to be “medium.” This current fleet of reactors is buffered %ny reserves that are

is consistent with the price projection for these two Wﬂ@mmm designed o cover this mxzt ingency. For these reasons, we

fuels used by the Energy Information Administration in its consider nuclear power 1o face a high risk of future regulations.

urrent long-term energy forecast, In its most recen m&i«;ﬁma‘{&
LA assumes a real annual price escalation between 2010
and 2035 of about 1.3 percent for coal at the mine mouth and
1.8 percent for natural gas at the w&ééhmd b

Carbon uestration and storage (O0%) appears 10 be
stibject to similar elevated risks regarding liabllity. The
ownership and responsibility for long-term maintenance and
monitoring for carbon st wmgw ites will remain an unknown
isk includes the potential for risk factor in coal and gas generation proposed with OCS.

Finally, operaling cost
catastrophic failure of a resource. This Is especially significant
for systerns that could be taken down by a single point of
failure, Contrast the impact of the failure of a turbine at a% arge
am plant as compared to the fallure of a single turbin

al & 100-wrbine wind farm. The first fallure causes ‘{h@;
unavailability of 100 percent m‘ capacily; the second failur
causes a 1 percent reduction in capacily availability, Even f
the probabilities of the failures are widely different, the size of
the loss (risk) has cost implications for the reserve capacity
(insurance} that must be carried on the large | méam Smatll
outages are much easier I accommodate than lar

Cther thermal generation (e.g., biomass and geothermal) are
also given a “medium” probability due to potential air regulations
and land use r@guia‘{wzw Finally, as noted above, the price of
natural gas, cially shale gas produced using “f“’e&mﬁ ing”
techniques, | risk of fulure environmental regulati

N PRICE RISIK
Fossil generation without CCS has a high risk of being
affected by fulure carbon emission limits, Although there is
no political agreement on the policy mechanism to place a
mM on carbon (i.e., tax or cap), the authors expect that the
entific evidence of climate change will eventually compel
co mumd federal action and that gr @nhmu as @:—&mi%mm
will be costily for fossi-fueled generation. Energy efficlency,
renewable and nuclear resources have no exposure m
carbon risk, at least with respect o emissions at the plant.™

Intermittency should not be confused with the
concept of risk... For wind or solar resources,
intermittency is expected and is accommodated
in the portfolio design.

A more complex story appears when we consider the
emissions related o hw full life-cycle of generation

s are aleo relevant to demand-side technologies and ‘L ir fuel cycles, For example, nuclear

ir nature, di V@gyg@ w@@ igni % good fuel production is an energy-intensive and carbon-intensive

Modularity and unit
FEsOUrces mm are

energy effic %W rograms involves scrutinizing individual process on s own, As the cost of emitiing carbon rises,
measures for the potential that they may 1 wg deliver the we should expect the cost of nuclear fuel to rise

expected level of energy savings over time, This estimate can
be factored into expectations for overall program performance
s0 that the resource performs as @xpemm Since it would be
extremely unlikely for individual measure failures to produce
a catastrophic loss of the resource, diverse demand-side
resources are, on this measure, less risky than large
generation-side resources.

Similar comments could dt);)fy to renewable facilities that
require raw malerials and fakw won that will, at least in the
near-term, involve carbon-emitting production processes,
However, ?mm effects are second-order and much smaller
than the carbon impact of primary generation fuels or motive
power (e.q., coal, gas, wind, sun, nuclear reactions), The
exposure of biomass to carbon constraints will depend on

the eventual interpretation of oav‘“bm offsets and life-cycle
analyses, For that reason, biomass and co-firing with
iomass is assigned a non-zero mw of low.”

\;‘

54 US Energy

55 This discussion refers to the availability factor of a resource; the capacity factor of a resource is a different issue, with implications for generation systerm design and operation

nformation Administration, AEQZ012 Early Release Overvisw, 12-13

56 For a discussion of how larger amounts of energy efficiency in a ulility portfolio can reduce risk sssociated with carbon regulation, see Ryan Wiser, Amol Phadke and Charles Goldman, Pursuing
Energy Efficiency as & Hedge against Carbon Regulatory Risks: Current Resourcs Planning Practices in the West, Faper 20 (Washington DC US, Department of Energy Publications, 2008),
hitp:digitalcommons. urd edu/usdoepuly20
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Fete o Feont Decisions for Uoal-Hied Flanls

i this report we ve stiessed how sl aviare tegulalio
cal iniprove the gutcomes of uliliy selection of new
tesotices. DU miany reaulaols will be focusing on
avisling power planls dutling e nexd few years 6 key
glestion facing the industy s whe her 1o close codl plants
in the fce of new ang TUiie EPA tegulaiions of spend
money on conbiol avslenie lo ciean up some of the planil
aiissicns and Keeo e running

o

States and ulilties ate LLel coming o grips wilh Hhese soits
oldecimions In 2010 Colorado implereniad the Hew
Clean A Clean Jobe Bct under whieh the Colorado PLIC
eanined %m Enemgye entlte ool fleel The Colalace
Commission entered o aingle cecision addieseing e e
of tlen cosl Unile. Sarhie wete Closad sorie were eliolibied
with pollulion conlfimls. and oibars ere converied o butn
namral ges Bleewhere Progress Breroy Cardlines oved
decialvely o oderess the salne (sae With eleven coal Unile
i Wodth Caroling,

%

Ve eappct thial Dree bypes of coal olane Wil elnerge o
these anabmes plants the should obviously be closed
Hewer coal pate thal sholiid be rmm’f ted and conlinie
o and planis in the middle” Decisions abolld hese
planls in the middle will m{m Ie tegulators o sesece he
nsk of fuliire fuel prices, clislonier glowth envitonenial
lequiations. capllal ana varl msta e cosis fon replcemient
Copaniy, ele h chiort slae commissions will be asled o
deseas the sk of verloue pathis oo Tor the plants for
which the economiles are siblect o debale

e ools we describe 0 s teport lor new esolitees
auply eauaily well I thess silistions Baguleiors shnille
feal ths much e on IRE brocending (see  Uillizing
Robust Planning Processes onp 401 Lililes should be
mc,g Uired 1o present inUltinle dilferen! scenarios for their

dispesition of coal planis The cost cmf“i m&e of each
seebiaro chould be ested tsing sensilivilies Top uel coels
environmienlal recbipioenls, cost of c;ap i:ugif, and o ot
Al the end reguletons chould enler & deciiion hat
addresses all of e relovan tske

%”‘m -

e

electricity gw neration wi EE vmy wit h m@mmphy bu
all of the thermal resources.™ The recent p rmmuégamn E*by
‘the: ERA of the "once-th s‘ww‘z;h * cooling rule Hustrates the
impact that federal quE on can have on thermal facilities;
one estimate predicts that more than 400 generating planis
providing 27 percen ,m the nation’s generaling capacity may
need {o install costly cmémg ‘?@W@r‘ o minimi pacts on
water resources.’® One potential approach, especially for
solar thermal, is the use of al r—mwé ing, whi h significantly
lowers water use at a moderate cost to efficiency. Non-
thermal generation and energy efficiency have no exposure
to this category of risk,

Water emerged as a significant issue for the U .S, electric
power sector in @M Asurvey of more than 700 US, utility
leaders by Black & Veatch indicated “waler management was
rated as the business issue ‘t‘ha‘{ could have the greatest
impact on the utility industry. " Texas suffered from record
drought in ZW’E at the same time that it experienced all-ime
highs in electricily demand. Figure 12 depicts widespread
"exceptional drought” conditions in Texas on August 2, 20118
the @Ezy before the Electric Rellability Council of Texas (ERCOT)
experienced record-breaking pwk dernand. ERCOT managed
to avoid rolling blackouls but warned that continued drought
and lack of sufficient Comf ing wa‘tj‘ could lead i ation
outages totaling * ral thousand megawat

| Figure 12

2 Drought - Severe
* [BDrought - Extreme
* DA Drought - Exceptional

Blio ioog L elluidn

57 JLF. Kenny et al, "Estimated use of water in the Uniled States in 2008, U4S Geological Survey Circular 1344 (Restor, VA ULS, Geological Survey, 2008), htp://pubs. usgs.govicire/ 1344/ pdffc 1344 pdf

58 For adiscussion of
http A uCsLSE. O

water use by LS. power plants, see Kristen Averyt ef al., Freshwater Use by (1.8, Fower Plants (Cambridge, MA: Union of Corcerned Scientis
Jdocumentsiclean_energylewd/lewd-freshwater-use-by-us- power-plants. pdf

59 Bernstein Research, .8 Utilities: Coal-Fired Generation is Squeszed in the Vice of EPA Regulation; Who Wins and Who Loses? (New York: Bernstein Research, 2010), 62

60 "ULS. Utility Survey Fespondents Believe Energy Prices Wil Rise Significantly, Place Emphasis on Growing Nexus of Water and Energy Challenge,” Black & Vealch press release, June 13, 2011,

hitp A by comfwerndpress_release/06132011_ 8417 aspx

1 National Drought Mitigation Center, “UJ

grickmanagement-during-high-hest, -drought-corditions

ATION

2 Samantha Bryant, "ERCOT examines grid management during high hest, drought conditions,”

3. Drought Monitor: Texas,” August 2, 2011, hitp/droughtmoritor. unl edufarohive20110802/pdfs/ TX_dm_110802.pdf

Community impact Newspaper, Oetober 14, 2011, http//impactnews. comarticles/ercot-examines
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CGeneration projects wit h a high ratio of fixed costs and long
construction lead times are most susceptible to planning risk,
This means that M@ @zmmu e of base load ww higher
than peaking units, and larger capacity units have more
exposure than @maéfw plants,

in addition to macroeconormic factors like recessions, the
electric industry of the early 219 century poses four
important unknown factors affecting energy planning. These
are 1) the rate of adoption of electric vehicles, 2) the pace of
energy efficiency and demand response deployment; 3) the
rate of growth of customer-owned distributed q&“&@” ation; and
4 progress toward energy storage. These four unknowns
affect various resources in different ways,

Hlectric vehicles could increase peak dermand if cuslomers
routinely charge their cars afler work, du\rmg the remaining
hours of the afterncon electrical peak. On other hand, if

in addition to dmugm water rights could be an i
electricity generators in Texas (and elsewhere) ™

American Electric Reliability Corporation (NERC) points out electric vehicle use is wut sled with lime- @f-um pricing, this
that in an extreme scenario, up 1o 9,000 MW of Texas’ new load has the opportunity to provide relatively desirable
generation capacity—aover 10 zwmﬂ” { of ERCOT's otal nighttime energy loads, making wind generation and nuclear

tilized fossil generation more valuable

instalied capacity—could be af isk of::jus riatiment f generation and underul
recalled. in many paris of the country.

generators’ water righls we

nergy efficiency (EE) and demand response (DDR) affect
both electricity (kilowalt-hours) and demand (kilowalls).

i and DR programs differ in relatively how much electricily
or def‘ma ne ‘th@y conserve, Depending on portfolio design,

ne DR may improve or worsen ultlity load factors, shifting
tmwavd more peaking rescurces and away from base load
plants, Chang ng customer habits and new “behaviora
efforts add 1o the difficulty in forecasting demand over time.,

CAPITAL SHOCK RISK

This risk is generally p“mm ional o the size of the capital
ou an and the time required for construction of a generating
unit, Simply put, the larger the capital oullay and the longer
tha’f cost recovery is uncerfain, the higher the risk to
investors, In this regard, nuclear installations and large new
coal facilities with QCS face the highest risk. Smaller, more
modular additions to capacily and especially resources that

are typically acquired through purchase power agreements Ristributed generation, especially small solar instaliation,

record less risk. Finally, distributed solar generation is expanding rapidly, spurred by new financing models that
modifications 1o enable biormass co- firing and efficie "zoy have lowered the capital outlay from consumers. In addition,
are accorded low exposure to the risk of capital shock, we may expect cormnmercial and industrial customers o

ontinue to pursue combined heat and power application
PLANNING RISK mp{% ally if retail electricily rales continue fo rise. Both @f
these trends will have hard-to-predict impacts on aggregate
utility demand and the relative value of different generation
resources, bm also impacts on primary and secondary
distribulion investment.

This risk relates to the possibi 'é"@y that the underlying
assurmptions just f‘y ng the choice of a resource may change,
sometimes even before the resource is deployed. This can
occur, for example, when electric demand growth is weaker

I

than for recast, which can result in a portion of the capacity of Finally, electric storage at reasonable prices would be
the new resource being excess. In January 2012, lower-than- apr WQM al game-changer, increasing the relative value
anticipated electricity demand, combined with unexpectedly of intermittent resources such as wind and solar. Microgrids

low natural gas prices, led Minnesota-based w%w%maéu with Eomé generation would also be boosted by low-cost
Cmmra“m Gireat River Energy to mothball its brand-new, battery storage.
$437 million Spiritwood coal-fired power p Eam mmediately

upon ‘&h@ plant’s completion. The ulility will pay an estimated
$30 million next year in maintenance and debt service for
the dém p%am“”

63 For a discussion of how walter scarcity could irmpsct municipal water and electric utilities and their bondholders, see Sharlene Leurig, The Ripple Effect: Water Risk in the Municipal Bond Market
(Boston, MAC Ceres, 2010}, http/Avww . ceres org/resources/reports/water-bonds/at_downloadifile. For a framework for managing coporate water risk, see Brooke Barton et al., The Ceres Agua
Gauge: A Framework for 217 Century Water Risk Management (Boston, WA Ceres, 2011), hitp /Avaw.ceres. org/fresources/reports/agqua-gaugelat_download/file

64 North American Electric Reliability Corparation, Winter Reliability Assessment 2011/2072 (Alanta, GA: North American Electric Reliability Corparation, 2011), 28,
bt A nere. condfiles/ 20T TWA_Report, FINAL pdf
65 David Shaffer, "Brand new power plant is idled by economy,” Minneapolis StarTribune, January 8, 2012, http/Avwww startribune. com/business/ 1 34647533 hmi
983 e
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b Figure 13
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W l%lm RIW Three comments are in order. First, these assignments of
relative risk were made by the authors, and while they are
In line with the foregoing discussion, the table in Figure 13 informed they are also subjective. As we discuss later,
summarizes the degree of exposure of various generation regulators should conduct their own robust exarmination of
technologles to these seven categories of risk. The the relative cos ts and risks including those that are unigue to
technologies listed are taken from UCS's LOCE ranking in theidr jun wd n. Second, the assessment of risk for each
Figure 10 on p. 28, plus three more: natural gas combined resource is ”&%andm o be relative to each other, and not
cycle with CCS, biomass co-firing and distributed solar PV absolute in a quantitative sense, Third, while h@r@ are likely
generation. The chart estimates the degree of risk for each SOMe wrm%am% between these risk calegories—resources
rEsOUrce across seven major categories of risk, with with Tow fuel risk will have low carbon price exposure, for

estimates ranging from “None” to "Very High.” example—other varlables exhibit substantial independence.
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i Figure 14
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The risk ranking shows a clear difference between
renewable resources and non-renewable resources.
Nuclear generation moves from the middle of the
cost ranking to the top of the risk ranking. Notably,
energy efficiency ranks lowest in both cost and risk.

HIGHEST COMPOSITE RISK

" Cost rnidng based o 2010 deata. Does rot reflect recent cost incresses for niclesr or
cost decreases for solar PV anc windd

To derive a ranking of these resources with re
we assigned numeric values to the estimated degrees of risk
(None=0, Very High=4)} and ltolaled the rating for each
resource. The scores were then renormalized so that the score
of the highest-risk resource is 100 and the others are adjusted
accordingly. The composite relative risk ranking that emerg
son, we

is shown in Figure 14, which, for ease of compar

present alongside the relative cost ranking from Figure 11,
The risk ranking differs from the cost ranking in several
important ways, First, the risk ranking shows a clear
difference belween renewable resources and non-renewable
resources. Second, nuclear generation moves from the
middle of the cost ranking to the top of the risk ranking.
Notably, energy efficiency ranks lowe

pect to risk,

[

bin both cost and risk,

To ilustrate how resources stack up against each other In more
general ferms, and for simplicity of viewing, Figure 15 presents
those same rankings without information about incentiv

I
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To test the robusiness of the composite risk ranking, we
also examined two rankings where the scores were weighted.,

In one case, the environmental factors were given double
weldght; in the other, the cost factors were given double

he scores were renormal that the

set 1o 100, The results of the
unwelghted ranking, together with the two weighted rankiy
are shown in Figure 16, By inspection, one can see that the
rank order changes very little across the three methods, so
the risk ranking in Figure 14 appears o be relatively
robust. Once again, we empha that these figures are
intended to show the relative risk among the resources,
not to be absolute measures of risk.®
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86 Dr. Mark Cooper, a fongtime ulility sector analyst and supporter of consurner interests, recently arrived at similar conclsions about compesite risk; see Cooper, Least-Cost Planning For 21¥ Century

Electricity Sup, Rovalton, VT Vermont Lew Scheoc

2011), htp: e vermontlaw edu/Documents/2 1

st%20Century% 20l esst % 20Cost% 20P anning. pdf. Cooper's analysis incorporated not

orily variations in "risk” and "uncertainty,” but also the degrees of “igrorance” and “ambiguity” associated with various resoures and the universe of possible future energy scenarios

dedkede
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; Coal IGCC w/ incentives
Large Solar PV w/ incentives .
Biomass
othermal
Biomass w/ incentives

nshore Wind eothermal w/ incentives

INCREASING CCBT (LOCE)

INCREASING RISK - 1 (i il

Finally, we can combine the information in the cost ranking
and the risk ranking into a single chart. Figure 17 shows
how resources compare with each other in the two

dimensions of cost and risk. The position of a resource along
the horizontal axis denoles the relative risk of each resource,

while the position on the verlical axi
of the resource.

shows the relalive cost
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EXECUTIVE SUMMARY

The Electric Reliability Council of Texas’s (ERCOT’s) energy-only market has worked well for
many years to support efficient operations and to attract sufficient generation imvestment to
maintain resource adequacy. Now, despite reserve margins declining with load growth and
retirements, investment appears to have stalled. Many projects have been postponed or cancelled
and no major new generation projects are starting construction. As a result, ERCOT projects that
reserve margins will fall to 9.8% by 2014, substantially below its current reliability target of
13.75%. Reserve margins will decline even further thereafter unless new resources are added.
Generation 1nvestors state that a lack of long-term contracting with buyers, low market heat
rates, and low gas prices i ERCOT’s energy-only market make for a uniquely challenging
investment environment.

In response to these concerns, the Public Utility Commission of Texas (PUCT) has implemented
a numbu of ac ma)m to ensure stronger pmw S1gy dh to ddd mmmwm when nmka wmmnm

hmadw wf Qf Sm.am,/nty @,/emdmwm and 1s ummdmm% lammg mﬁm uaps to as }wgh as
$9,000/MWh, among other measures. Following the PUCT’s initiatives, forward prices have
increased and more than 2,000 MW of relatively low-cost capacity additions have been
announced, including uprates and reactivations of mothballed units. The critical question
remains whether the recent and proposed reforms will be adequate and what other measures
might be necessary to attract sufficient investment.

To inform the Commission’s and ERCOT’s actions, ERCOT commissioned The Brattle Group
to address three questions:

1. Investors and their Investment Criteria. Identify, describe, and rank the relevant
factors that influence investment decisions made by the development and financial
community related to new capacity additions, capacity retirements, and repowering
projects in ERCOT.

2. Market Outlook for Investment and Resource Adequacy. Evaluate the current drivers
from both a wholesale and retail perspective that influence resource investment decisions
in the ERCOT market.

3. Evaluation of Policy Options. Provide suggestions for ways to enhance favorable
investment outcomes for long-term resource adequacy in ERCOT.

Our approach to addressing these questions and our findings are summarized as follows:
Investors and their Investment Criteria

To understand the factors affecting suppliers’ willingness to invest, we interviewed a broad
spectrum of generation developers and lenders and analyzed relevant financial indicators, as
described m Section II. We found that investors are generally cautious after a hmwy of
investment losses. However, many could and would nvest in ERCOT if revenue levels were
expected to be adequate to earn a return on the mvestment that is commensurate with perceived
risks.
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The lack of long-term power purchase agreements (PPAs) in Texas’s retail choice environment
generally leaves much of the imvestment risk with 1nvestors, similar to other retail restructured
markets. A number of generators also stated that the ERCOT’s energy-only market design 1s
more volatile, harder to model, and riskier overall than energy-and-capacity markets (though
they acknowledged that generator revenues in ERCOT are more stable than spot prices, since
most power is sold at least several months forward at prices that average out weather and other
unexpected effects). Some also worried that energy-only markets can lead to extreme outcomes
that might induce future regulators to intervene in the market. However, they expressed that the
current Commission has demonstrated a strong commitment to markets and regulatory certainty.
Overall, we believe that ERCOT’s energy-only market may be only marginally riskier than
energy-and-capacity markets, a view consistent with the statements of a subset of merchant
investors. Both types of markets place much more risk on investors than do regulated
environments without retail choice.

Considering these risk factors, some generation developers state that they will require projected
returns exceeding the 9.6% after-tax weighted-average cost of capital (ATWACC) assumed by
ERCOT.! Large, diversified investors with hedging options and the ability to finance plants on
their balance sheet might be able to invest at lower returns. We estimate an ATWACC as low as
7.6% for efficiently hedged and diversified merchant generation investments.

Risk tolerances and revenue needs vary considerably by type of investor. To underwrite project-
finance loans with no upside opportunities, lenders must be confident that the borrowing entity
will have sufficiently stable net revenues to cover the total amount borrowed with ample margin
for error. Larger borrowers can partially diversify project-specific risks and can borrow more
cost-efficiently against a larger corporate balance sheet. Such investors may be able and willing
to weather some bad vears for a few good years as long as the discounted expected value 1s high
enough. These are likely to be the most robust investors in a market with high price volatility.
Smaller, undiversified borrowers relying on high leverage through project-specific, non-recourse
debt financing with little equity, however, might ultimately be uncompetitive and pushed out of
the market unless they can secure long-term PPAs with public power or other entities.

Market Outlook for Investment and Resource Adequacy

In Sections HI and IV, we examine whether new and proposed rules are likely to produce prices
that are high enough often enough to attract sufficient mvestment. Our approach includes:
(1) assessing ERCOT’s market and operational processes to understand how new and proposed
rules will affect scarcity prices; (2) analyzing forward curves; (3) conducting economic
simulation modeling to project future prices, including the frequency of scarcity prices; and
(4) comparing projected energy margins to capital costs and investors’ cost of capital. We
conduct this analysis for a broad range of potential planning reserve margins, showing how
suppliers’ energy margins will increase as reserve margins fall and the market becomes tighter,
or decrease as reserve margins rise. The key question 1s whether market prices will be high
enough to support entry at an acceptably high reserve margin and associated reliability level. We
address this question in the context of several major uncertainties that investors face.

' See PUCT (2012b), Item Number 87, p. 1. We note that ERCOT s ATWACC estimate was developed a
yvear ago and that the cost of capital has decreased since then, as we discuss further in Section 1LD.3.
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We find that generators’ energy margins have been low because of low gas prices and low
market heat rates, except during rare price spikes. Market heat rates have been low because an
efficient generating fleet and new wind generation form a very low and flat supply curve.
However, current and proposed market rule changes will increase the frequency and level of
scarcity prices. Forward curves have risen correspondingly, but they are still not high enough to
support investment in new generation, notwithstanding recent success in attracting relatively
low-cost plant reactivations and uprates.

Our simulation analysis finds that the Commission’s proposals to further raise the offer cap
would stimulate greater investment, but investment would still fall short of what 1s needed to
meet ERCOT’s current reliability target of “one load-shed event in 10 years,” at least under
current market conditions and demand response penetration. Scarcity prices would be too
infrequent to support the target because if reserve margins are high enough to make load
shedding very rare, scarcity pricing events would also be quite rare. This 1s compounded by the
long “tails” of the load distribution, including rare, extreme extended heat waves such as the one
in 2011. Having high enough reserves to limit load shedding even under even such challenging
conditions would eliminate scarcity in most years.

We estimate that the current market design and the $3,000 offer cap would achieve a reserve
margin of only 6% on a long-term average basis under current market conditions. If the offer
cap is increased to $9,000, a reserve margin of approximately 10% could be achieved without
reducing the frequency of scarcity prices below the level needed to support investment. This is
approximately five percentage points less than the 15.25% reserve margin we estimate would be
needed to achieve ERCOT’s reliability target. Our 15.25% estimate is higher than ERCOT’s
current 13.75% reliability target because we assumed a 1-in-15 chance of extreme 2011 weather
occurring, whereas ERCOT s target reserve margin study could not account for 2011 weather
because it had not been experienced at the time. On average, the 10% reserve margin achieved
with a $9,000 offer cap would result in approximately one load-shed event per year with an
expected duration of two-and-a-half hours, and thirteen such events in a year with a heat wave as
severe as the one in 2011, In years with less extreme weather than 2011, however, load shedding
would be expected to occur less than once in ten years.

Reserve margins would differ on a year-to-year basis due to the lead times required to respond to
supply shocks, such as simultancous environmentally-driven generation retirements. Moreover,
even our long-term average estimates are highly uncertain due to underlying uncertainties about
market conditions, weather, regulatory risk, and investors’ perceptions of these risks. The range
of uncertainties we analyzed could result in average reserve margins that fall between one and
seven percentage points below the 1-in-10 target reserve margin on average. For example, with

only a 1-m-100 chance of extreme 2011 weather, the reserve margin achieved with a $9,000

offer cap would fall only three percentage points below the reserve margin needed to achieve the
reliability target and load shedding would be expected only once every three years on average.

An important qualification to these simulation results 1s that they assume only the current level
of demand response (DR). If several thousand megawatts (MW) of price-responsive demand
were added, those resources could prevent involuntary load shedding and set prices at customers’
willingness to pay, thereby increasing reliability and softening (but not eliminating) price spikes.
With this much demand response, ERCOT’s energy-only market design could support the
current bulk power reliability target under a $9,000 price cap. However, achieving such a high
demand response penetration would take years, not months, as we explain further in Section V.B.
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Evaluation of Policy Options

Our finding that the energy-only market will not dependably support ERCOT’s current reliability
target until sufficient demand response penetration is achieved suggests that either the market
design needs to be adjusted or the reliability objectives have to be revised. We present a broad
analysis of policy options, preceded by a discussion of reliability objectives.

The “1-in-10" reliability standard has been used in the industry for decades, but has rarely been
evaluated from an economic perspective, as we explain in Section VI. ERCOT’s “1 load-shed
event in 10 years” interpretation of the 1-in-10 standard is more stringent than the “1 outage day
in 10 years” interpretation used in the Southwest Power Pool (SPP). Other regions use entirely
different approaches based on the economic value of reliability. We also note that distribution
outages cause customers to lose power 100 times more often than do generation resource
shortages, suggesting that the 1-in-10 target could be too high. Even if reserve margins fall to a
10% equilibrium reserve margin, load shedding would occur approximately two-and-a-half hours
per year, averaging only three minutes per customer; this compares to an average of a few
hundred minutes per customer per year from distribution outages. Moreover, critical loads that
are not behind a single distribution feeder may enjoy even less exposure to power outages,
assuming load shedding protocols are designed properly. We therefore recommend that the
PUCT and ERCOT evaluate their resource adequacy objectives in the context of delivered
reliability, load shedding protocols, and informed by an analysis of marginal costs and benefits.
We recommend determining the desirable reserve margin target and, separately, a minimum
acceptable reserve margin needed to avoid extremely adverse consequences under worst-
plausible weather and outage conditions.

This report does not recommend a specific course of action because the best path forward
depends on policy objectives, which only stakeholders, regulators, and other policymakers can
assess. To mform the choice among policy options, we describe five available options and
present the advantages and disadvantages of each in Section VI:

1. Energy-only with market-based reserve margin;

2. Energy-only with adders to support a target reserve margin;

3. Energy-only with backstop procurement at minimum acceptable reliability;

4. Mandatory resource adequacy requirement for load serving entities (LSEs); and

5. Resource adequacy requirement with a centralized forward capacity market.
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The evaluation criteria assessed for each option include both the reliability implications of letting
the market determine the level of reliability and the market implications of having regulators
determine the level of reliability. We also assess economic efficiency, compatibility with
investment, regulatory stability, and the extent and complexity of necessary market design
changes. Table 1 summarizes our evaluation of these policy options.

Table 1
Comparison of Policy Options

Option How Who Risk of Investor Economic  Market Comments
Reliability Makes Low Risks Efficiency Design
Level is Investment  Reliability Changes

Determined Decisions

1. Energy- Only with Market Market Highin High May be Fasy - Depends on substantial DR
Market-Based short-run; highest in participating to set prices at
Reserve Margin Lower in long-ran willingness-to-pay; ERCOT does

long-run w/ not vet have much DR

more DR

[

. Energv-Onlv With Regulated Market Medium High Lower Fasy Not a relable way to meet target

Adders to Support a - Adders are administratively
Target Reserve determined
Margin
. Energy- Only with Regulated Regulator Low High Lower Fasy - Attractive as an infrequent last
Backstop (when {when resort, but long-term reliance is
Procurement at backstop backstop inefficient, non-market based, and
Minimum Acceptable imposed) imposed) shippery-stope
Reliability
 Mandatory Resource Regulated Market Low Med-High Medium Medium - Well-defined system and local
Adeguacy (with (due to requirements and resource
Requirement for sufficient regulatory qualification support bilateral
LSEs deficiency parameters) trading of fungible credits, and
penalty) competition
- Cannot be a forward requirerent
- Flexibility: DR is like opting out;
customers not behind a single
distribution feeder could pay for
higher reserves and reliability
& Resource Adequacy Regulated Market Low Med-Figh Medium Major - Working well in PIM
Requirement with slightly less {due to - Forward construct can efficiently
Centralized Forward regulatory respond to retivements and meet
Capacity Market parameters) needs with sufficient lead time
= Transparency valuable to market

particiy wicd market monitor
- Many administrative
determinations

“Energy-only with market-based reserve margins” is theoretically the most efficient option
because it allows customers to choose the level of supply based on prices and their value of
avoiding curtailment, without having to pay for costly reserves they may not want. It also
provides strong incentives for resources to be available when they are needed most. We believe
that energy-only, perhaps with rare backstop procurement of short-term resources as needed to
support a very minimal reserve margin, might be the most aligned with the Commission’s
demonstrated philosophy to let the market work. However, this would require managing public
expectations about reliability implications and the potential for periodic high spot prices.
Energy-only will deliver less reliability than the current target until more price-responsive
demand 1s developed.
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If the Commission and ERCOT want to maintain a higher level of reliability, the four other
options we present differ in their effectiveness, efficiency, and complexity. Price adders or
backstop procurement may seem appealing because they require the least modification to the
existing design 1 the short term. However, price adders will not dependably achieve any
particular reserve margin. The backstop procurement option introduces market inefficiencies
and could threaten the viability of market-based investments unless it 1s used very sparingly to
maintain only a minimum-acceptable level of reserves that is well below the “desirable” target.
If policymakers decide that a higher target reserve margin must be met every year, imposing a
resource adequacy requirement on LSEs is the most market-based, efficient option.
Implementing such a reserve margin requirement through a forward capacity market could
further increase forward competition, price transparency, and efficient investments, but these
markets are quite complex and increase the importance of administrative parameters such as the
load forecast.

Recommendations

Our primary recommendations are that the PUCT and ERCOT: (1) evaluate and define resource
adequacy objectives for the bulk power system; and then (2) choose a policy path to meet those
objectives, informed by the advantages and disadvantages of each option we have identified. We
recommend defining the long-term resource adequacy framework expeditiously. Committing to
a definitive course of action will resolve regulatory uncertainty and support investment.
However, we urge caution about implementing major changes too quickly or without sufficient
analytical support or stakeholder consideration. Complex market design changes will likely take
more than a year to implement, and market participants need to be allowed ample time to prepare
for the implementation of any changes.

The year 2014 poses a particular challenge because it may be approaching too quickly to add
some types of new capacity, even if market conditions would support such investments.
However, we anticipate that more low-cost resources will enter the market before 2014 than are
currently reported in ERCOT’s Report on the Capacity, Demand and Reserves (CDR) Report,
yielding reserve margins that are at least somewhat above the 9.8% currently projected.” If the
2014 planning reserve margin outlook fails to improve sufficiently to meet a mintmum
acceptable level of reliability before new generation can be added, the PUCT and ERCOT could
consider soliciting additional Emergency Response Service resources as a short-term solution.
However, we stress that such a backstop mechanism should be implemented with great restraint
to avoid introducing a perpetual dependence on backstops or displacing market-based resources
that would otherwise be developed.

In addition, and regardless of the overarching policy path sclected by the Commission, we
recommend enhancing several design elements to make the ERCOT market more reliable and
or a similarly high level consistent with the average value of lost load (VOLL) in ERCOT, but
impose this price cap only in extreme scarcity events when load must be shed; (2) for pricing
during shortage conditions when load shedding is not yet necessary, institute an administrative
scarcity pricing function that starts at a much lower level, such as $500/MWh when first
deploying responsive reserves, and then increase gradually, reaching $9,000 or VOLL only when

~

ERCOT (2012n).
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actually shedding load; (3) increase the Peaker Net Margin threshold to approximately
$300/kW-year or a similar multiple of the cost of new entry (CONE), and increase the low
system offer cap to a lever greater than the strike price of most price-responsive demand in
Texas; (4) enable demand response to play a larger role m efficient price formation during
shortage conditions by introducing a more gradually-increasing scarcity pricing function (as
stated above) so loads can respond to a more stable continuum of high prices, by enabling load
reductions to participate directly in the real-time market, and by preventing price reversal caused
by reliability deployments; (5) adjust scarcity pricing mechanisms to ensure they provide
locational scarcity pricing signals when appropriate; (6) avoid mechanisms that trigger scarcity
prices during non-scarcity conditions; (7) address pricing inefficiencies related to unit
commitment but without over-correcting; (8) clarify offer mitigation rules; (9) revisit provisions
to ensure that retail electric providers (REPs) can cover their positions as reserve margins tighten
and price caps increase; and (10) continue to demonstrate regulatory commitment and stability.
We recommend considering these ten suggestions no matter which resource adequacy
framework the Commission and ERCOT select.
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lower than it otherwise would be under similar time and weather conditions. The planning
model would also need to incorporate price by adjusting load downward during hours 1 which
load would be shed and prices would be at the cap. We performed a similar step in our analysis
of scarcity pricing and load shedding for this study, as discussed in Section IV above; we added
1,700 MW of additional supply during scarcity and load-shed conditions based on observed
errors in the load forecast model during scarcity conditions in 2011.

VI. REVIEW OF POLICY OPTIONS FOR RESOURCE ADEQUACY

This section discusses resource adequacy objectives and an array of market design options that
the PUCT and ERCOT could pursue to achieve those objectives. We discuss the advantages and
disadvantages of each option, although we do not recommend any one over the others because
the best path depends on the policy objectives.

A. RESOURCE ADEQUACY OBJECTIVES

Before pursuing any major market redesign efforts, we recommend that the PUCT and ERCOT
first clarify the fundamental design objectives of ERCOT’s resource adequacy construct. More
specifically, we recommend considering the following questions:

1. Is the current l-event-in-10-years (1-in-10) reliability standard yielding the
appropriate and efficient resource adequacy target around which to design the
ERCOT wholesale power market?

2. Should regulators determine the reliability target, or should the reliability level be
determined solely by market forces?

3. Even if the target reliability level is to be determined by market forces rather than an
administrative determination, do regulators wish to impose a backstop constraint
preventing very low reliability outcomes?

Answering these questions will help regulators determine which of several policy paths to
pursue, achieve a more efficient outcome, and reduce regulatory uncertainties for market
participants.
1. Appropriateness and Efficiency of the 1-in-10 Reliability Target

Consistent with industry practice, ERCOT’s reliability target for the bulk power system is based
on LOLE, or the frequency of expected firm load shed events caused by supply shortages. For
decades, the utility industry has used a 1-day-in-10-years bulk power standard for setting target
reserve margins and capacity requirements.””’ While the origin of the 1-in-10 metric is unclear,
references to the standard appear as early as the 1940s.°"® Usually, utilities and system operators
offer no justification for the reasonableness of 1-in-10 other than that it is the industry standard

07 . . . . N . < . .

" For a discussion of the 1-in-10 standard and alternatives, see Carden, Wintermantel, and Pleifenberger
Q2011

208 o

See Calabrese (1950).
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or that it 1s consistent with NERC guidelines.”™ Because customers rarely complain about bulk
power reliability under the 1-in-10 standard and system operators and policymakers generally are
not faulted if they adhere to long-term industry practices, few question 1-in-10 as an appropriate
standard.

It is also helpful to understand that the 1-in-10 standard is not applied umfmﬂﬂy throughout the
industry. For example, ERCOT and n‘mny other system operators interpret the 1-day-in-10-years
standard as “1 outage event in 10 years,” while other system operators such as SPP interpret the
I-day-in-10-years standard as “24 outage hours in 10 years.” While the two interpretations sound
semantically similar, the level of reliability they impose differs significantly. A&, shown in a
recent case study of a 40,000 MW power system, the former definition requires a 14.5% reserve
margin, while the latter requires only 10%.°'" Finally, some regions, including T WA SERC, and
WECC, do not use the 1-in-10 standard at all to set planning reserve margins, instead using a
different approach or leaving this task to their member utilities.”"' For ummpﬂ@ utilities within
SERC and TV A have determined planning reserves based on explicit benefit-cost analyses of the
economically optimal reserve margin. A recent NRRI whitepaper explains how these studies can
be conducted.”™”

The 1-in-10 standard 1s also poorly-defined with respect to the events it describes. For example,
the “1 event in 10 years” standard that ERCOT and many other regions use is independent of the
size or duration of outage events. Small load-shed events are given the same priority as
widespread, large events. For example, two 2 MW events in 10 years with a duration of 1-hour
each would not be acceptable, whereas one 3,000 MW event lasting 10-hours would still meet
the standard. A better-defined metric would recognize that the latter case represents poorer
reliability because it requires 7,500 times more MWh to be shed. Moreover, because outage
events tend to affect a larger proportion of total load in smaller power systems, Hin{fi0 does not
provide the same level of reliability for customers in differently-sized power systems. These
concerns led the NERC Generation and Transmission Planning Models Task Force to adopt the
better-defined metric of normalized Expected Unserved an‘w (E UE), which 1s the MWh of
load shed divided by the total load if there had been no shedding.”’ ’

Another important consideration is ﬂ’“ﬂ' mﬂg‘: of bulk power reliability in the context of overall

customer reliability. In ERCOT, the 1- () resource adequacy target implies average outages of
less than 1 minute per year per customer.”’* This compares to average annual customer outages
209

Some mdustry participants may believe that the 1-in-10 standard 1s a NERC reguirement, but 1t is our
understanding that this i1s not quite the case. In mam NERC Regional Entities, non-binding guidelines
reference the 1-in-10 standard or require a study of rebability, although the actual mandated reliabil ity
levels are determined by the utilities or RTOs dmmch es under state or FERC oversight,  Some NERC
entities, such as SERC, “m not rely on the 1-in-10 standard as a guideline, see NERC (2008).

See Carden, Wintermantel, and Pfeifenberger 2011,

" See NERC (2008).

See Carden, Wintermantel, and Pleifenberger (2011).

* See NERC (2010).

Based on an average 2-hour, 1,500 MW outage event every 10 years in a 65,000 MW system. The 2-hour
outage translates to 12 minutes of outages per yvear, while each individual customer wou ‘d have only a 2%
chance of being curtailed during those outages because only 1,500 of 65,000 MW will be shed. This
results 1 approximately 0.3 minutes of load shed per w&;mmm per vear with these assumed outage
characteristics.
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well in excess of 100 minutes due to outages caused by disturbances on the distribution system
(and on the transmission system to a lesser extent). During severe storm events, annual outage
durations can reach several hundred to several thousand minutes per customer, as shown in Table
17.

Table 17
Average Annual Minutes of Power Outage per Customer

2008 2009 2010 2011

(min) (min) (min) (min)
Centerpoint 8,690 136 111 170
Oncor 344 260 246 237
AEP Central 943 165 2 306
TNMP 47 I 41 54
Entergy 10,480 195 3 219

Sowurce.
Diata aggregated by ERCOT from utilities” Annual Service Quality Reports,
see PUCT (2012a).

For these reasons, the value of maintaining a high resource adequacy standard needs to be
evaluated carefully in the context of distribution- and transmission-related outages, which have a
much greater impact on customer reliability. Creating market structures that further increase
resource adequacy may prove to be less cost-effective than investments to improve distribution
reliability.

Despite these considerations, little empirical work has been done in the industry to quantify the
economics of the 1-in-10 criterion to confirm that it reasonably balances the tradeoffs between
the economic value of reliability and the system capital costs imposed. Nor have the economics
of the 1-in-10 target been evaluated in ERCOT specifically. We recommend that ERCOT, the
PUCT, and stakeholders re-evaluate the target in terms of its overall value, policy objectives,
risk, and cost-effectiveness before re-designing the electricity market in an attempt to achieve
that target.

Such an economic evaluation of bulk system reliability should take into account all economic
and risk mitigation benefits of increased planning reserve margins, including reduced cost of
outages considering customers’ VOLL, the reduced costs of emergency power purchases, and a
reduced incidence of extremely high-cost outcomes during unusual market conditions.””> Note
also that VOLL varies widely by customer types, with residential customers generally having the
lowest outage-related costs (often less than $5,000/MWh) and commercial and certain industrial
customers the highest (often exceeding $10,000/MWh). A load-weighted average VOLL for the
systermn 1s sometimes used n these evaluations. However, if load-shed events can be targeted to
customers with the lowest VOLL, then the optimal resource adequacy target will be lower. We
discuss options to let consumers differentiate reliability in Section VI.B.

29 See Carden, Wintermantel, and Pleifenberger (2011
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2. Regulator-Determined versus Market-Determined Reliability

Another important question is whether the PUCT and ERCOT should determine the desired level
of bulk power reliability, or whether the reliability level should be determined solely through
market forces. All other U.S. regulators have determined that reliability standards should be
mandated, except to the extent that demand response allows customers to self-select a lower
level of firm service. In those markets, bulk power reliability is treated as a public good with
administratively-imposed standards, not unlike many other standards such as ambient air quality
standards or car safety standards. Even in markets with administratively-determined reliability
targets or mandates, there are a variety of market-based approaches for achieving these reliability
outcomes. We examine several options of this type in Sections VI.B.2-5.

Allowing market forces to determine the level of resource adequacy is one of the chief
theoretical advantages of the textbook energy-only market construct.”'® Under this theoretical
design, there 1s no such thing as “involuntary” load shed because wholesale prices are allowed to
rise high enough that eventually sufficient voluntary curtailments will bring supply and demand
into balance. The resulting reserve margins and bulk power reliability levels therefore represent
the most efficient outcome, based on customers’ own expression of the value of reliability.
However, as discussed in Section V.B above, this construct is most effective with a substantial
level of DR penetration that has not yet been achieved in ERCOT. If and when sufficient DR
penetration 15 achieved, market-determined reliability levels have a clear advantage over
administratively-determined reliability outcomes. In the absence of substantial DR penetration,
even a market-based approach to determining bulk power reliability must still rely on
administrative approximations of efficient prices during scarcity conditions, as discussed in
Section V.A.2 above and Section VL.B.1 below.

3. Reliability Target versus Minimum Acceptable Reliability

A final policy question is whether, aside from a target or optimal level of reliability, the PUCT
and ERCOT also wish to separately identify a lower “minimum acceptable” level of reliability.
For example, market outcomes may be allowed to vary from year to year around an
economically optimal target. However, there may be a reserve margins level below which
potential reliability outcomes would be unacceptable to customers and policy makers. It might
be appropriate to define such a minimum resource adequacy level based on the total amount of
load shedding that could occur under worst-case weather, such as that which occurred in 2011.

B. PorLicy OpPTIONS

In this section we evaluate five distinct policy options for approaching resource adequacy in
ERCOT:

Energy-Only with Market-Based Reserve Margin

Energy-Only with Adders to Support a Target Reserve Margin

Energy-Only with Backstop Procurement at Minimum Acceptable Reliability
Mandatory Resource Adequacy Requirement for LSEs

Resource Adequacy Requirement with Centralized Forward Capacity Market

216

See Pletfenberger, Specs, and Schumacher (2009, Section IV,
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ATTACHMENT D:

FERC, Revisions to Electric Reliability Organization Definition
of Bulk Electric System and Rules of Procedure,

Docket Nos. RM12-6-000 and RM12-7-000 (June 2012)
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139 FERC 9 61,247
UNITED STATES OF AMERICA
FEDERAL ENERGY REGULATORY COMMISSION
18 CFR Part 40
Docket Nos. RM12-6-000 and RM12-7-000

Revisions to Electric Reliability Organization Definition of Bulk Electric System and
Rules of Procedure

(Issued June 22, 2012)

AGENCY: Federal Energy Regulatory Commission.
ACTION: Notice of Proposed Rulemaking.
SUMMARY: Under section 215 of the Federal Power Act, the Federal Energy
Regulatory Commission (Commission) proposes to approve a modification to the
currently-effective definition of “bulk electric system” developed by the North American
Electric Reliability Corporation (NERC), the Commission-certified Electric Reliability
Organization. The revised definition of “bulk electric system” removes language
allowing for regional discretion in the currently-effective bulk electric system definition.
The revised definition establishes a bright-line threshold that includes all facilities
operated at or above 100 kV. The modified definition also identifies specific categories
of facilities and configurations as inclusions and exclusions to provide clarity in the
definition of “bulk electric system.”

The Commission also proposes to approve: (1) NERC’s contemporaneously filed
revisions to its Rules of Procedure, which creates an exception procedure to add elements

to, or remove elements from, the definition of “bulk electric system” on a case-by-case
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Docket Nos. RM12-6-000 and RM12-7-000 -2-

basis; (2) NERC’s proposed form entitled “Detailed Information to Support an Exception
Request” that entities will use to support requests for exception from the “bulk electric
system” definition; and (3) NERC’s proposed implementation plan for the revised “bulk
electric system” definition.

DATES: Comments are due [INSERT DATE 60 days after publication in the
FEDERAL REGISTER]

ADDRESSES: Comments, identified by docket number, may be filed in the following

ways:
ffi Electronic Filing through http://www.ferc.gov. Documents created electronically
using word processing software should be filed in native applications or print-to-
PDF format and not in a scanned format.
ffi Mail/Hand Delivery: Those unable to file electronically may mail or hand-deliver
comments to: Federal Energy Regulatory Commission, Secretary of the
Commission, 888 First Street, NE, Washington, DC 20426.
Instructions: For detailed instructions on submitting comments and additional
information on the rulemaking process, see the Comment Procedures Section of this

document.

FOR FURTHER INFORMATION CONTACT:

Susan Morris (Technical Information)

Office of Electric Reliability, Division of Reliability Standards
Federal Energy Regulatory Commission

888 First Street, NE

Washington, DC 20426

Telephone: (202) 502-6803

Nicholas Snyder (Technical Information)
Office of Electric Reliability, Division of Logistics & Security
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http://www.fere

Docket Nos. RM12-6-000 and RM12-7-000

Federal Energy Regulatory Commission
888 First Street, NE

Washington, DC 20426

Telephone: (202) 502-6408

Robert Stroh (Legal Information)

Office of the General Counsel

Federal Energy Regulatory Commission
888 First Street, NE

Washington, DC 20426

Telephone: (202) 502-8473

William Edwards (Legal Information)
Office of the General Counsel

Federal Energy Regulatory Commission
888 First Street, NE

Washington, DC 20426

Telephone: (202) 502-6669

SUPPLEMENTARY INFORMATION:
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139 FERC 9 61,247
UNITED STATES OF AMERICA
FEDERAL ENERGY REGULATORY COMMISSION

Revisions to Electric Reliability Organization Definition Docket Nos. RM12-6-000
of Bulk Electric System and Rules of Procedure RM12-7-000
NOTICE OF PROPOSED RULEMAKING

(Issued June 22, 2012)

1. Under section 215 of the Federal Power Act (FPA)," the Federal Energy
Regulatory Commission (Commission) proposes to approve a modification to the
currently-effective definition of “bulk electric system” contained in NERC’s Glossary of
Terms Used in Reliability Standards (NERC Glossary) developed by the North American
Electric Reliability Corporation (NERC), the Commission-certified Electric Reliability
Organization. NERC submitted its petition in response to the Commission’s directive in
Order No. 743 that NERC develop a revised definition of “bulk electric system” using
NERC’s Reliability Standards development process.> The revised definition of bulk

electric system:

116 U.S.C. § 8240 (2006).

? Revision to Electric Reliability Organization Definition of Bulk Electric System,
Order No. 743, 133 FERC 4 61,150, order on reh’g, Order No. 743-A, 134 FERC
161,210 (2011).
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Docket Nos. RM12-6-000 and RM12-7-000 -2-

(a) removes the basis for regional discretion in the current bulk electric system
definition;
(b)  establishes a bright-line threshold so that the “bulk electric system” will be
facilities operated at 100 kV or higher, if they are Transmission Elements, or
connected at 100 kV or higher, if they are Real Power or Reactive Power
resources; and
(c)  contains specific inclusions (I1-I5) and exclusions (E1-E4) to provide
clarity in the definition that the facilities described in these configurations are
included in or excluded from the “bulk electric system.”
2. The Commission also proposes to approve:
(a) NERC’s contemporaneously filed revisions to its Rules of Procedure,
which creates an exception procedure to add elements to, and remove elements
from the definition of “bulk electric system” on a case-by-case basis;
(b)  NERC’s proposed form entitled “Detailed Information to Support an
Exception Request” that entities will use to support requests for exceptions from
the “bulk electric system” definition; and
(c) NERC’s proposed implementation plan for the revised “bulk electric
system” definition.
3. NERC’s proposed revision to the definition of “bulk electric system” removes
regional discretion and establishes a 100 kV bright-line threshold. Further, we believe
that NERC’s proposal offers additional clarity to the definition of bulk electric system by

creating specific inclusions and exclusions within the definition, which provide

SB GT&S 0580996



Docket Nos. RM12-6-000 and RM12-7-000 -3-

granularity with regard to common types of facilities and facility configurations and
whether they are part of the bulk electric system.

4, We believe that the proposed “core” definition, including the inclusions and the
exclusions, as well as the exception process should produce consistency in identifying
bulk electric system elements across the reliability regions. In addition, it appears that
NERC’s proposed exception process to add elements to, and remove elements from, the
definition of the bulk electric system adds transparency and uniformity to the process.

5. Although it is rare that the Commission would address Rules of Procedure changes
in a rulemaking docket, we will do so in this instance because of the interplay between
NERC’s modified bulk electric system definition and the newly developed case-specific
exception process set forth in NERC’s proposed Rules of Procedure change. While we
propose to approve NERC’s petitions, we also seek comment from NERC and interested
parties on certain aspects of NERC’s petitions to understand the application of the
proposed “core” definition, including the application of the inclusions and exclusions,

and the proposed exception process to ensure consistent implementation.

1. Background
A. Section 215 of the FPA

6. Section 215 of the FPA requires a Commission-certified ERO to develop
mandatory and enforceable Reliability Standards, subject to Commission review and

approval. Once approved, the Reliability Standards may be enforced by the ERO, subject
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Notice of Proposed Rulemaking, Revision to Electric
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UNITED STATES OF AMERICA
BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION

)
)
Revision to Electric Reliability Organization ) Docket No. RM09-18-000
Definition of Bulk Electric System )
)
COMMENTS OF SOUTHERN CALIFORNIA EDISON COMPANY

ON NOTICE OF PROPOSED RULEMAKING

Pursuant to the Notice of Proposed Rulemaking issued March 18, 2010, Southern

California Edison Company hereby submits its Rulemaking Comments.

I
INTRODUCTION

On March 18, 2010, the Federal Energy Regulatory Commission (“Commission”
or “FERC”) issued a Notice of Proposed Rulemaking to revise the Electric Reliability
Organization’s (“ERO”) definition of the term Bulk Electric System (“BES”).' The
definition of the term Bulk Electric System is important because transmission facilities
within the definition are subject to NERC’s Reliability Standards while non-BES
facilities are not subject to the Reliability Standards, although they remain subject to state

and regional reliability standards.

' Notice of Proposed Rulemaking, Revision to Electric Reliability Organization Definition of Bulk Electric
System, 130 FERC Y 61,204, issued March 18, 2010 ("NOPR™),
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The proposal contained in the NOPR is that the Commission direct NERC to (1)
revise its definition of the term “Bulk Electric System™ to include all electric transmission
facilities with a rating of 100 kV or greater and (2) require that every exemption for an
individual transmission facility first undergo an independent review and approval of the
exemption by the appropriate Regional Entity, NERC, and FERC.* The Commission

y
3

seeks comments about this proposal

IL.

COMMENTS

SCE generally supports defining the Bulk Electric System to include all electric
transmission facilities with a rating of 100 kV or above. However, SCE recognizes that
in some instances, the facility’s rating may not be the most relevant factor to determine
whether it should be included or exempted from the BES. In such instances, the NOPR’s
proposal to require three levels of independent review before allowing a facility to be
exempt from the Reliability Standards would add excessive layers of review and
paperwork without benefit, fail to leverage the expertise of the Regional Entities, and
leave uncertainty for the facility operator until all three reviews are cormpleted.

SCE proposes, as an alternative, that FERC permit Regional Entities to conduct
initial transmission facility exemption reviews under approved methodologies — 1.e.,
subject to delegation agreements — with the approval from any such review raising a
rebuttable presumption of exemption. SCE further proposes that NERC and/or FERC
then be permitted to further review any exemption granted by the Regional Entities and,

if appropriate, repeal a Regional Entity’s grant of exemption. Such a process would

*NOPR, atp. 1.
"NOPR, atp. 26,
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avoid an undue administrative burden, provide stability in planning, properly leverage the

expertise of the Regional Entities, and improve the oversight role of NERC and FERC.

A, Duplicative Review of Transmission Facility Exemptions Will Cause

Additional Administrative Burden Without Adding Value

The NOPR’s proposal would impose an unnecessary administrative burden on
Transmission Owner/Operators by requiring them to seek multiple layers of approval
before any such facility may obtain and reasonably exercise an exemption.” This would
be accomplished by requiring that after a Regional Entity approves such an exemption,
NERC must then approve the exemption. Then, NERC must submit the proposed
exemption “to the Commission for review on a facility-by-facility basis.”” The NOPR’s
proposal specifies that “[ajny such submission must also include adequate supporting
information explaining why it is appropriate to exempt a specific transmission facility
that would otherwise satisfy the proposed 100 kV threshold. Only after Commission
approval would the proposed exclusion take effect.”® Under such a proposal, any
exemption approved by one or two reviews would not be sufficient — a third review
would be required before the Transmission Owner/Operator may begin to exercise the
exemption.

warranted while providing appropriate oversight to assure that there is a legitimate need

P
7

for an exemption.”” However, no explanation is offered as to why such review by NERC

or Commission staff would be more effective than that of the engineers employed by the

"NOPR, atp. 12.

T id.

©Jd.

"NOPR, at pp. 12-13.
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Regional Entities who are intimately familiar with the technical conditions, design, and
needs of the electrical grid in their respective regions. It is unclear why an analysis by
the Regional Entities would not provide “flexibility where warranted” but two additional
layers of review, administration, and paperwork would do so.

Further, the NOPR proposal does not acknowledge or address the delays that will
result from the proposed multiple facility-by-facility reviews. It is clear that at a
minimum, each review will require additional time for NERC and FERC staffs to conduct
their analyses. However, that is only after both NERC and FERC develop and initiate
their review processes — steps that will each, in all likelihood, cause significant delay in
the establishment of the exemption process and raise uncertainty about the status of

facilities until the multiple reviews are completed.

B. The Regional Entities are Most Familiar with the Characteristics of the Bulk

Electric Svstems in their Respective Regions

The NOPR’s proposal would add multiple reviews before any transmission
facility may be deemed exempt from inclusion in the BES.® If adopted, this would
change the current system in which the Regional Entity alone may consider the region’s
supplemental criteria in considering BES exemptions — with NERC oversight of the
review.” SCE supports the single initial review feature of the current system in which the
Regional Entity considers and approves an exemption under NERC oversight. SCE
belicves that adding additional layers of review before approval of exemptions will not

increase reliability and will add significant time and burdens to Transmission

*NOPR, atp. 1.
* NOPR, at pp. 2-4.
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Owner/Operators. But, adding further oversight may do so, without creating unnecessary
administrative burdens.

To justify the new requirement that would add two additional layers of review, the
NOPR identifies one Regional Entity that the NOPR states fails to adhere to the current
NERC procedure — the Northeast Power Coordinating Council, Inc. (“NPCC”).'* Rather
than proposing that FERC order NPCC to conform to the NERC definition of BES, the
proposal would deny the seven remaining Regional Entities their existing flexibility to
consider unique characteristics of their systems — despite their current conformity and
cooperation on the issue.

The remaining Regional Entities have complied with the NERC definition of BES
and have delegation agreements with NERC for implementing this compliance. The
delegation agreements between NERC and the Regional Entities were authorized under
the Federal Power Act and the Commission’s regulations.!’ Those agreements have
allowed for the enforcement of Commission-approved Reliability Standards by the
Regional Entities for the past several years.

These delegation agreements are consistent with the Energy Policy Act of 2005’s
support of the current procedure that requires the Commission to presume that “a
proposal for delegation to a Regional Entity ... promotes effective and efficient
administration of bulk power system reliability and should be approved.”'*  This
efficiency 1s realized as the Western Electricity Coordinating Council (“WECC”) and
other Regional Entities become familiar with the Registered Entities in their regions and

the design characteristics of their regional grids as they enforce the FERC-approved

' NOPR, at pp. 7-9.
16 U.S.C. § 8240(a)(7) (2010); 18 CF.R. §§ 39.1, 39.8 (2005).
i Energy Policy Act 2005 § 1211, 119 8TAT, 944 (2005),
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reliability standards through self-certifications, spot-checks, and audits. These design
characteristics are not insignificant as weather, topography and load centers vary
dramatically between regions.

This familiarity with the entities and facilities 1n the regions provides a sound
technical basis for any exemptions to the facilities of the BES for the respective region in

a manner that best promotes the reliability of the nation’s bulk power system.

., Regional Entities Have the Technical Expertise to Properly Classify the

Transmission Facilities in Their Respective Regions

Currently, the Commission gives deference to the technical expertise of NERC in
the development of Reliability Standards, and NERC gives deference to the technical
expertise of the Regional Entities in the application of Reliability Standards — consistent
with the Energy Policy Act of 2005 and Commission-approved delegation agreements.
The Regional Entities work with the Registered Entities in their regions on a daily basis
and, as a consequence, understand the unique characteristics of the transmission facilities
and the needs in their region. It 1s this deep region-specific technical expertise that
guides effective determinations of exemptions to BES in a manner that, in the aggregate,
best promotes the reliability of the bulk power system at the national level. The expertise
of the Regional Entities is what drove the Energy Policy Act of 2005’s provision that the
Commission shall give deference to the technical work of Regional Entities such as

WECC. B

87
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Unfortunately, the proposal before the Commission fails to leverage the technical
expertise of the Regional Entities. Absent the region-based technical expertise that exists

today, the exemption process would not be as effective and could be error-prone.

. FERC Should Give Deference to the WECC BES Definition Task Force

The proposal’s identity of a 100 kV threshold for BES facilities is consistent with
current reliability criteria, as NERC has defined the Bulk Electric System with a 100 kV
“general” threshold for decades.” The proposal acknowledges that seven of the eight
Regional Entities have adopted NERC’s definition either verbatim or with limited
additional criteria, but then asserts that an absolute and inflexible rule is now required.

Interestingly, the proposal notes that WECC has established a BES Definition
Task Force but does not assert any deficiency with WECC’s engineering group.'®
Nonetheless, the proposal does not explicitly provide or recognize that the Commission
will give deference to WECC’s technical expertise. The Commission’s final order should
provide deference for the work of the WECC BES Definition Task Force (“BES Task
Force™) — consistent with the Energy Policy Act of 2005."

Of interest to SCE as a WECC BES Task Force participant, the proposal does not
assert any technical infirmities in the Material Impact Assessment (“MIA”) method being
considered by the WECC BES Task Force to determine technical grounds for the
exemption of facilitics with a rating above 100 kV. However, the proposal then states

that it has “adequate technical justification” for its proposed threshold by citing events

" NOPR, at p. 13.

Ef Id.

' NOPR, at pp. 13-14.
1

Energy Policy Act 2005 § 1211, 119 8TAT. 944 (2005},
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involving 115 kV and 138 kV that have either caused or contributed to “significant bulk
electric system disturbances and cascading outages.”"

The BES Task Force has recently responded to comments on its fourth draft
proposal and is in the process of refining the MIA method to test for the potential
exclusion of radial lines that are at voltages of 100 kV or above. The MIA will be based
upon a dynamic stability testing method, as recommended by the BES Task Force.
Rather than engaging in redundant and potentially unnecessary oversight of the Bulk
Electric System in the WECC region, FERC could review the MIA and its results, and if
it finds the method to be acceptable, allow WECC to administer the methodology for
excluding transmission facilities above 100 kV. If technically sound and appropriate,
FERC could allow other regions to adopt the MIA method as well. This would provide
clear guidance and a more streamlined process that would benefit the nation’s bulk power
system.

This approach would be consistent with the proposal SCE outlined above — that
Regional Entities conduct the initial exemption reviews and NERC and/or FERC would
review and, where warranted, repeal the exemption within a reasonable period of time.
Moreover, from the time an exemption would be granted by the Regional Entity until
such possible repeal by NERC or FERC, the Transmission Owner’s compliance
obligations would be subject to the Regional Entity finding.

The Commission should, in its final order, provide deference to the work of the
WECC BES Task Force and other Regional Entities — as provided for under the Energy

Policy Act of 2005.

' NOPR, at p. 15.
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E. FERC Should Resolve the Statutory Term “Bulk Power System”

In Footnote 24 of the NOPR, FERC proposes to further delay addressing the
statutory term “Bulk Power System” when noting, “While the Commission indicated in
Order No. 693 ... that the Commission may reconsider the scope of the statutory term
Bulk Power System 1n a future proceeding, in this proceeding we are addressing only the
ERO’s definition of the term bulk electric system.”’” The Commission is aware that
numerous parties, including SCE, have sought clarification of the term “Bulk Power
System” since prior to the March 2007 issuance of Order 693. In Order 693, the
Commission declined to address the term “Bulk Power System”, but stated it would rely
on the NERC BES definition and NERC’s registration process initially and would
address the issue in a later order.”

The industry has been secking final resolution of the statutory term “Bulk Power
System” since then and through this NOPR the Commission proposes to further postpone
resolution of the issue. SCE requests that the Commission act now and through this
NOPR to resolve the statutory term “Bulk Power System” and that the Commission’s
final order recognize that the definition of BES developed under this NOPR will meet the

statutory term “Bulk Power System” and no further review need to take place.

IIl. CONCLUSION

SCE appreciates the effort and consideration that was put into developing a
methodology for redefining the Bulk Electric System and recognizes the importance of

the Reliability Standards for facilities that impact the Bulk Electric System — as well as

" NOPR, at p. 10.
* Mandatory Reliability Standards for the Bulk-Power System, Docket No. RM06-16-000, Order No. 693,
atp. 26, issued March 16, 2007,
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the similar state and regional reliability standards that apply to non-BES facilities. SCE
believes that the redefinition itself 1s useful and positive, if complete, but that the
proposed exemption review process may not be effective. Therefore, SCE respectfully
requests that the Commission accept these comments and re-design the proposed

exemption review process accordingly.

Respectfully submitted,

JENNIFER R. HASBROUCK
DAVID B. COHER

/s/david.b.coher
By:  David B. Coher

Attorneys for
SOUTHERN CALIFORNIA EDISON COMPANY

2244 Walnut Grove Avenue

Post Office Box 800

Rosemead, California 91770

Telephone:  (626) 302-6060

Electronic Mail: David.Coher@sce.com

Dated: May 10, 2010
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CERTIFICATE OF SERVICE

[ hereby certify that, [ have this day served a true copy of “Southern California Edison
Company’s (“SCE”) Comments on Notice of Proposed Rulemaking” on all parties identified on
the official service list(s). Service was effected by transmitting the copies via email to all parties
who have provided an e-mail address. First class mail will be used if electric service cannot be

effectuated.

Dated at Rosemead, California, on this 10™ day of May, 2010 at Rosemead California.

/s/vicki.carr-donerson
Vicki Carr-Donerson, Project Analyst for
SOUTHERN CALIFORNIA EDISON COMPANY

2244 Walnut Grove Avenue
Post Office Box 800
Rosemead, California 91770
Telephone:  (626) 302-6846
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ATTACHMENT F
Excerpt from CAISO’s 2011/2012 Transmission Plan
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201172012 150 Transmission Plan March 23, 2012

Conclusions

It was determined that there is no need for OTC generation across all four RPS
portfolios. Table 3.3-10 below is a summary of LCR and OTC generation requirements
for the overall Greater Bay Area.

Table 3.3-10: Summary of LCR and OTC requiremeants in Greater Bay Area

[ Overall GBA 5773 4,728 5778 6,572
OTC Gen.
Need ] 0 ] 0 0 0

3.5.2.3.2 LCOR Study Results — LA Basin Area

To determine the level of OTC generation requirements for the LA Basin in 2021, an
.LCR study was performed for the four RPS portfolios. The following areas and sub-
areas were examined for genaration requirements:

ddr Overall LA Basin;
ddn Western LA Basin,
oo Ellis sub-area; and
din Bl Nido sub-area.

The Western LA Basin and Ellis sub-area drive the need for OTC units. The Ellis sub-
area needs these units to mitigate a voltage collapse issue. The Western LA area
neads these units to mitigate an overloading issue. The overall LA Basin generation
requirements also incorporate the need for this OTC generation.

Area Definition for Overall LA Basin
The transmission tie lines into the LA Basin are;

1. San Onofre-San Luis Rey #1, #2, and #3 230 kV lines;

N

San Onofre-Talega 230 kV line;

i~

San Onofre-Capistrano 230 kV line;
Lugo-Mira L.oma #2 & #3 500 kV lines;
Lugo-Rancho Vista #1 500 kV line,
Sylmar-Eagle Rock 230 kV line;
Sylmar-Gould 230 kV line;

Vincent-Mesa Cal #1 and #2 230 kV lines;
Vincent-Rio Hondo #1 and #2 230 kV lines:
10. Devers-Red Bluff #1 and #2 500 kV lines;

© ® N o o &

California 1SOMID a2t
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CAISO’s Addendum to 2011/2012 Transmission Plan
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Addendum to Section 3.4.2.1 201172012 Transmission Flan

Addendum to Board-Approved 2011/2012 Transmission Plan
Section 3.4.2.1 Assembly Bill 1318 Sensitivity Reliability Study
Results

This Addendum to the Board-approved SO 2011-2012 Transmission Plan (March 23,
2012 version) updates the study results for the LCR sensitivity analyses of the mid net
load scenario conducted at the request of the state agencies (CARB, CEC, and CPUC)
as set out in Section 3.4.2, page 254 of the 2011/2012 1SO Transmission Plan.

in that sensitivity analysis of the mid net load scenaric, incremental uncommitted energy
efficiency and additional combined heat and power, as provided by the state energy
agencies (i.e., CPUC and CEC), were modeled in the 2021 environmentally constrained
portfolio study case. The Addendum provides updated study results for the incremental
uncommitted energy efficiency scenario, and new results for additional combined heat
and power assumptions. The updates results also reflect the modeling of the Board-
approved Del Amo — Ellis 230kV loop-in project that has been advanced o be in service
in 2012, The Del Amo — Ellis 230kV loop-in project was not vel an approved project
when the previous analyses took place, and was originally targeted to be in service in
2013.

As mentioned at the 150s December 8, 2011 stakeholder meeting, the |80 treats these
studies in which incremental uncommitted energy efficiency and additional combined
heat and power as sensitivity studies, which were requastad by the state energy
agencies (i.e., the CPUC and CEC) to evaluate the impact to potential generation need
in the LA Basin area had these programs materialized. The ISO considers these studies
as sensitivity studies due to the uncertain nature of these programs whether they would
materialize at the forecasted locations.

The following section 3.4.2.1 replaces and supersedes previous section 3.4.2.1 (pages
255 — 256) in the ISO 2011-2012 Transmission Plan (March 23, 2012 version).

3.4 Assembly Bill 1318 (AB1318) Reliability Studies

3.4.2.1 Study Results

The results of study items #1, 3 and 4 are provided in Section 3.3.2 (OTC Reliability
Assessment Study Results). In this section, only new study results for item #2 above are
reported. The following table includes assumptions provided by the CPUC and CEC in
ragards to assumptions of incremental uncommitted energy efficiency (EE) and
combined heat and power (CHP) values for SCE and SDG&E.

California 19OWID June 12, 2012 2
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Addendum to Section 3.4.2.1 201172012 Transmission Flan

Table 3.4-1; State energy agencies’ provided assumptions on incremental uncommitted EE
& CHP

SCE 2,461
SDG&E 496 14

The following presents a series of sensitivity study results with incremental
uncommitted EE and/or additional CHP modeled for SCE and SDG&E. The study
resulls are provided step by step to provide information regarding the incremental
impacts of EE, CHP and the Del Amo-Ellis 230 kV loop-in project, respectively.

Table 3.4-2 provides a summary of study results with incremental uncommitted EE only
and without the Del Amo — Ellis 230kV loop-in project’. These changes are triggered by
the following:

LA Basin’s fotal LCR requirements:
ddr For this update, the [SQO dispatched additional base-load generation in

San Diego LCR area” to adequately mitigate a voltage instability concern
under an N-1-1 contingency condition (i.e., Sunrise Powerlink and
Southwest Powerlink). This minimum level of generation need in San
Diego for this sensitivity study was modeled to ensure that we would not
underestimate the generation need in the LA Basin LCR area. Previous
studies had generation at a lower level in the San Diego area after
modeling of the incremental uncommitted however, this lower

generation level turned out to be inadequate for mitigating the critical N-1-

1 contingency voltage stability concern. Due to the interaction between

L.A Basin and San Diego L.CR areas, the updated generation adjustment

in turn resulted in having lower overall LCR requirements for the larger LA

Basin.

Western LA Basin's new local generation requirements.

dot In the previous sensitivity studies, the ISQ inadvertently monitored the
Serrano — Villa Park #2 230kV line, which has higher rating than its
parallel Serrano — Villa Park #1 230kV line. In this updated study, the
IS0 correctly monitored the lower rated constrained line (L.e., Serrano —
Villa Parkc#1 280k line). This resulied in higher new local generation
requirements® to mitigate identified overloading concerns. The generation
adjustment above for San Diego LLCR area was included in this analysis
for the Western LA Basin.

Y The Del Amo — Ellis 230kV loop-in of Barre substation project was accelerated for summer 2012 due to extended outage
of the San Onofre nuclear generation. This project brings Del Amo — Ellis 230kV line into Barre Substation, creating Del
Amo — Barre and second Barre — Ellis 230kV lines.

?The@ total generation within San Diego LLCR area for this sensilivity study is approximately 1,900 MVY.

° The definition of new generation requirements in this section refers to the repowering of once-through cocled generation

with acceptable cooling technology.

California 19OWID June 12, 2012 3
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Addendurm to Section 3.4.2.1 201172012 Transmission Plan

Table 3.4-2: Summary of sensitivity assessment of the mid net load condition for the CFUC
environmentally constrained portfolio with incremental EE

Western . Semano-lewis#l/ Senano-
LA 5847 8716 Yes Serrano - Villa PK#1 Vills Pl

LA Mira Loma West Chino -Miraloma Fast 23
Environmert  Basin 713 15180 B6H4 veshy,  SOOLS0Bank#l (24 230k line » Wira Loma West

ally Lverall Hrrabing) 50022000/ Bank &2
Constrained

New generalion needranges

Western LA .
i 868 - 1437 MW plus SONGS from miost effective o less
(M Nex Q16 Range effective locations

Load
Condition) Hare Ellis 200kY Line +
Ellis” 454 558 s Wollage Collapse SOMNGS - Santlago st and g2
230k Lines

s ; La Fresa-Hinson 230 La Fresa-Redondo#1 and#2
ElNido 37 W 418 No. Wilne 230 kV lines

Notes:
“~ This has assumptions of new generation coming from repowering of OTC unlts,
% New generation need for the LA Basin is carried over from the Western LA ares new capacity need {lL.e., OTC plant repowering)
® Mira Loma S00/2300Y Bank #2 has a 24-hour emergency rating of 1,344 VA

“ In addition to generation requiremrents, two 79 MVAR shunt capacitors (J 8 jage) and 140 WMVAR at HE were modeled to mitigate voltage
£ ¥ o mal ioad. i Santi -2 3PS is used (drop Santiago load), then no new unit is needed [Le., no OTC repowering], but two
shunt caps are st needed.

California 1I9OWID June 12, 2012 4
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Addendum to Section 3.4.2.1 201172012 Transmission Plan

Table 3.4-3 provides a summary of study results with incremental uncommitted EE and
incremental uncommitted CHEP. With the additional uncommitted CHP modeled for the
L.A Basin as well as the San Diego |.CR area, the need for new generation requirements
in the Western LA Basin LCR area is lower than the scenario in Table 3.4-2. However,
the total LCR needs in the larger LA Basin increase slightly, due to the lower
effectiveness of the additional CHP.

Table 3.4-3: Summary of sensitivity assessment of the mid net load condition for the CPUC
environmentally constrained portfolio with incremental uncommitted EE and CHP

Senano-lewis#1/Sepano

Serano - Villa PK#1 Villa P

LA

LA Mia Loma West Chino WMiralomakasi#3
Environment . Basin 1203 1818 BlJ0 Yesh, SUDLA0EBank#l 24 230k ine + Nita Loma West

aly Overall Himating) 5000220k Bankd?
Constrained

Westem LA New gerieralion neadranges
Mid Net OTC Ranoe 782 - 1,501 MW plus SONGS from most effective o less
Load ¢ effective locations

Condition) Bare . Ellis 230KV Line +
Elise E - 512 Yes WVollage Collapse SONGS . Sanliago#t andg?
200k Lines

LaFresa Hinson 230 LaFresg Redondo#] and 82

EiMide 288 9 a75 e 230 KV liries

Notes:

“ This has ot of mew g tion coming from repowering of OTC units.
o Mew gengration need for the LA Basin is carried over from the Western LA area new capacity need (Le., OTC plant repowering)
* Wira Loma 3000230k Bank #2 has a 24-hour emergency rating of 1,344 MVA
* In addition to generation requirements, two 79 MVAR shunt capacitors (J & iago) and 140 MVAR at HB were modeled to mitigate voltage
concemm to maintaln load. I Santiago W-2 8P5 is used {drop Santmgm oad} then no new unit is needed (Le., no OTC repowering} but two
shum caps are still needed

California 1ISOWMID June 12, 2012
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Addendum to Section 3.4.2.1

201172012 Transmission Plan

Table 3.4-4 provides a summary of study results with incremental uncommitted E

uncommitted CHP and the Del Amo — Ellis 230kV line loop-in project modeled. With the
foop-in projact in service, it eliminates the need for local generation in the Ellis sub-area
for the mid net load sensitivity analyses. However, because the loop-in project has the
effects of reducing impedance in the southern Orange County area, it causes more

power flow through the area, thus increasing the overload on the Serrano — Villa Park #1
230KV ling under an N-1-1 contingency. Therefore, more local generation would be

neaded to mitigate this overloading concern.

Table 3.4-4: Summary of sensitivity assessment of the mid net load condition for the CPUC
environmentally constrained portfolio with incremental uncommitted EE, CHP and Del Amo -

Ellis 230kV loop-in project

Western

. 155

860 7024 Serano - Villa PK#]

LA
Basin
Owergll

Wira Loma Wesi
S500/230 Bank a1 (24
Hrrabing) ©

Environment 1288 aa07

aily
Conslrained

Western LA

OTC Range 1,042 - 1 B17 WV plus SONGS

(Wiid et
Load
Condition)

Ellis Mone

LaFresa Hinson 230

thido KV line

274

Serano - lewis 41/ Senano -
Villa PK#2

Chino Miraioma Fasi &0
230KV line + Wura | oma West
500730k Bank 2

New generation needranges
frommostefiective o less
effective locations

Barre . Bilis 230kY Line +
SOMGS  Santisgor! and &2
230KY Lines

taFroea Badondo £l and g2
230K Hnes

Notes:
* Wira Loma S00/230KYV Bank #2 has a 24-hour emergency rating of 1,344 VA,
» This has ions of new g from repowering of OTC units.

% Mew generation need for the LA Basin is camied over from the Western LA area new capacity need (e, OTC plant repowering).

California [9OWID June 12, 2012
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Excerpt from Lawrence Berkley National Laboratory Report: Tracking
the Reliability of the U.S. Electric Power System
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Executive Summary

Large blackouts, such as the August 14-15, 2003 blackout in the northeastern United States and
Canada, focus attention on the importance of reliable electric service. As public and private
efforts are undertaken to improve reliability and prevent power interruptions, it is appropriate to
assess their effectiveness. Measures of reliability, such as the frequency and duration of power
interruptions, have been reported by electric utilities to state public utility commissions (PUCs)
for many years. This study examines current state and utility practices for collecting and
reporting electricity reliability information and discusses challenges that arise in assessing
reliability because of differences among these practices.

To collect information on current practices and rules that guide utility-reported reliability
information, we contacted all 50 state PUCs as well as the District of Columbia (DC) PUC.
When permitted by state practices, we also collected a large sample of publicly available, actual
reliability information reported by utilities to the PUC for year 2006. In total, we received
information provided by 123 utilities to 37 state PUCs (see Figure ES-1). In aggregate, the
reliability information we collected represents over 77% of total electricity sales by state-
regulated investor-owned utilities or nearly 60% of total U.S. electricity sales.

Our assessment focused on three reliability metrics: System Average Interruption Duration Index
(SAIDI), System Average Interruption Frequency Index (SAIFI), and Momentary Average
Interruption Frequency Index (MAIFT). SAIDI and SAIFI measure the duration and frequency,
respectively, of sustained interruptions; MAIFI measures the frequency of momentary
interruptions. Taken together, these three metrics can be used to develop a comprehensive
assessment of reliability nationwide.

Our findings regarding state PUC practices and rules on reliability information reported by
utilities are summarized as follows:

ffi Thirty-five state PUCs, including DC, require routine reporting of reliability event
information. This 1s a net increase of 10 state PUCs over the number reported in a similar
survey conducted by the National Regulatory Research Institute (NRRI) in 2004.

ffi These 35 PUCs require annual reporting of SAIDI and SAIFI and/or the Customer
Average Interruption Duration Index (CAIDI), which, along with SAIFI, can be used to
dertve SAIDI. Only two state PUCs require reporting of MAIFL

ffi Twenty-one PUCs have reporting requirements that formally define major events. Of
these 21, four require reporting following the Institute of Electrical and Electronics
Engineers (IEEE) Standard 1366-2003, IEEE Guide for Electric Power Distribution
Reliability Indices, which introduces a consistent means for defining major events using
the concept of “major event days.”

ffi An additional four PUCs receive reliability information from utilities, though not as a
result of a formal reporting requirement.

ffi Thirty-seven state PUCs, including DC, make publicly available or summarize in
publicly available documents, the reliability information they collect from utilities.

SB GT&S 0581022



State PLUCs that did not provide information

Figure ES- 1. Summary of States that Provided Utility-Reported Reliability Information

Our findings regarding utility practices for collecting and reporting reliability information to
state PUCs are summarized as follows:

ffi  All utilities reported SAIDI and SAIFI (and/or CAIDI). Only 12 of the 123 utilities
reported MAITFL

ffi Summary statistics for reported SAIDI, SAIFIL, and MAIFI exhibit observable though not
statistically significant variations across census regions.

ffi The definition of and practices for recording sustained and momentary interruptions have
evolved over time leading to inconsistencies among utilities.

ffi Differences in the definition of a sustained interruption do not appear to affect SAIDI or
SAIFI in a statistically significant manner.

ffi Utilities define major events as a means for distinguishing between utility performance in
planning for and responding to routine interruptions versus that for non-routine or
extraordinary interruptions.

ffi The definition of a major event is not consistent among the majority of utilities.

ffi IEEE Standard 1366-2003 introduces a consistent means for defining major events using
the concept of “major event days.”

ffi Some utilities report SAIDI and SAIFI both including and not including major events;
other utilities only report SAIDI and SAIFI not including major events.

ffi When major events are not included, SAIDI is lowered relatively more than SAIFI
compared to when major events are included.

ffi Many utilities report descriptive information on each major event.

%11
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ffi Use of IEEE Standard 1366-2003 does not appear to bias SAIDI or SAIFI values
compared to using prior definitions of major events.

We also collected information on bulk power system emergencies reported by utilities in near
real-time to national bodies in 2006, including the U.S. Department of Energy (DOE) and the
North American Electric Reliability Corporation (NERC), and compared aspects of this
information to that reported by utilities to state PUCs. Our findings are summarized as follows:

ffi Information on electricity reliability reported to these two national bodies consists of
descriptive information that is reported in near real-time on individual, large events that
affect the bulk power system. The reporting takes place in near real-time because an
important purpose of the reporting 1s to notify relevant industry and public bodies of
significant power system events that may require immediate response. With few
exceptions, the same information is reported to both DOE and NERC at the same time.

ffi Many, but not all, events reported to these national bodies also cause power inferruptions
to customers. For these events, the number of customers affected 1s reported.

ffi An initial assessment of these events supports the conventional wisdom that the majority
of power interruptions experienced by customers are not due to large events that affect
the bulk power system; they are due to more localized events that affect only utility
distribution systems.

ffi It is difficult to cross-reference information reported to national bodies on individual
large bulk power system events that cause power interruptions, as defined by these
national bodies, with information reported to state PUCs on individual major events, as
defined by either the PUC or the reporting utility.

From these findings, we draw the following conclusions and recommendations:

ffi State PUC interest in electricity reliability is growing.

ffi However, differences in utility reporting practices hamper meaningful comparisons of
reliability information reported by utilities to different state PUCs and, therefore, may
limit the effectiveness of efforts to measure the effectiveness of efforts to improve
reliability.

ffi Efforts to eliminate differences that are solely due to reporting practices are just
beginning. These efforts, which focus on using standard definitions, such as those
promoted by IEEE Standard 1366-2003, are promising and should be encouraged.

ffi Until IEEE Standard 1366-2003 is adopted universally, regulators concerned about the
definition and treatment of major events in reporting reliability information should
consider requiring reporting of SAIDI and SAIFI both including and not including major
events, as well as descriptive information on each major event.

ffi More work is required to better understand the sources of discrepancies and the
importance of seeking greater consistency between reliability information reported to
national bodies and that reported to state PUCs.

X111
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Excerpt from SCE December 2011 Outage Report
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Appendix A

Cause to Corrective Action Matrix

Wc}m& @mmw 1
SCE’s methods for collecting
and analyzing storm damage
information are not sufficient
for events of this magnitude,
limiting its ability to make
accurate and timely damage
assessments and estimated
restoration times.

”*Root Cause Addr‘ .

‘ ‘Carrectwe‘ Act;ons

er stive th n1
Develop an improved damage
assessment method that
integrates information from

dedeode ke e ke e de ke dde ok okok ok kodkeok ok odok ok kok

System, Damage Assessment

de ke de e de e e ke de e ke e e ke ke ke ok e e ke b ok

Centers.

Thdinal damage restoration
projections should establish
a conservative estimated
restoration time based on
nitial damage assessment,
plus extra time for
contingencies

Integrate the output of this
methodology with formal
communications to the
appropriate SCE storm and
senior leadership team.

de e e dede ke

. lntenm Actaons |

Imwmm mm 1 |
Develop a ms for assessing

damage asses
e:est mating \r%m ration tinr

" to be used by the Stormr

dede ode e e d e de e R e de e ok ek ok e ek ok b

includes the following:

dede de de ke de ke e e ke ke e e e e d b ok ok ok

the magnitude of the
damage such as: circuit
breaker positions
down calls, quick field
assessment reports,
analysis of circuit
problems and potential
CAUSES,

dede e de e e de ek e e de ke e ek e o

e Kk e o

E e e e e

down, transformer down
and damage restoration
estimates;

de e e e e e ke e ok

ok gk ok e dede d

starcard tmvei times,
parts acquisition, crew
dmpimym&mt@ and
restoration estimates
to determine overall
restoration time;

deod e dede ok ok ke ko ok b ok d o ke e

to be added based on
incomplete information;

deok ko ko odkedkodek ek d ek ok ke de ok ded ke

response that includes
personnel in the
organization capable

of implementing this
damage assessment tool.

- 45 .
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Ro

Root Cause 2

SCE policies, such as those
regarding safety around
downed wires, can delay

" | damage estimates and

restoration efforts in major
storms, but the company’s
Event Response and
Recovery Protocol does
not take those effects into
account, preventing it from
adjusting its response to

compensate for those delays.

ective Action 2
Assess the impact of any new
against the ability of the
organization to restore power
following a storm or major
event.

This assessment should
include part time
requirements, such as System
what provisions need to be
adjusted in order to facilitate
timely restoration of power.

Interim Action 2

de e de e e de e e dede e de e e de ok b e o b e ke

deddcke de e ke de ke ke ek ke ke ok ok ok ke ok ok ke ok

Guidelines” to improve
restoration time without
compromising public safety.
Review the new policy against
impacts and risks associated
with the Event Response

and Recovery Protocol.

This new policy would be
analyzet for its impact to
storm restoration and then
reviewed and approved by the
appropriate senior leadership
before implementation.
Consideration should be taken
for use of other resources,
such as Field Service
Representatives, to maintain
safety to the public and allow
first responders to focus on
service restoration.

- 40 -
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Contributing Cause 1
SCE’s Event Response and
Recovery Protocol is not
sufficient for responding to
extensive, high concentration
storm damage.

ective Action 3
Revise the Event Response
and Recovery Protocol to
address the following:
for activation of the
Corporate Emergency

de e e e e e de e de de ke de ke ke ok ok

deode e e de e e e e e e e e ke ke ok

assessment
responsibilities to
minimize overlapping
damage reporting.
with the appropriate
personnel assigned
when work group
coordination is required.
grounding personnel
with line clearing
crew when grounding
requirement is in effect.)
jurisdictional control
for switching, clearance
and assignment
of work for events
involving extensive,
high concentration
damage where clearance
and switching requests
exceed switching center
capability.

Bk kkEKARE K Kk kkkkE kA
resources to track and
input work status in

deode ok e dde de de e ke ke ke e ke ke e ke ke ke

System.

Interim Action 3

Develop a method to split
jurisdictional responsibility
and temporarily assign
SWERMYG restoration activities
to operators at adjacent
switching centers.

Periodically, workload on
Switching Center employees
exceeds their ability to
comprehensively manage
the affected area. A typical
Bymptom of this isa delay

in issuing switching orders
or line and equipment
clearances. When these
delays significantly affect the
Yestoration times, jurisdiction
can be transferred to an
adjecent Switching Center
to assist in managing the
restoration effort.

w 47 -
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Contributing Cause 2
SCE’s storm response
communication plan is not
sufficient for setting realistic
expectations for service
restoration during major
events.

Corrective Action 4
Establish a communication
strategy that includes:

hodk kokdckdkokdkok ok dkdk ok kdokd

SCE employees
informed in affected
arees

ko ok dekde ok ok ok kdkokokokokd ok

for current response
status and projections,
including the source of
the numbers and the
person responsible for
them:

deok ek ko odedk ke ok de e ok e o e

storm data to predict
call volume based on
weather predictions;

R I I E R I EE I I E IR

weather predictions fo
refine National Weather
Service predictions;

deok ook e de ok de e de ke e ke ok o kok

as it occurs to detect
consequential differences
between its predicted
severity and area of
impact versus the actual,

deok e dede ke d kok k kk ok d ok ok ok ok

vOice messages to
reflect damage being
different than expected,
particularly for high
concentration damage,

hode deokode ke ok ok ok ok kekokokokok ok ok

content to manage

Interinm Actions
None

e ke ok

de e ko ke ke ok

de e kode e de ke ke

ke de e e

e e de ke ke ke

public expectations.

- 48 -
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ges and Root Cause Evaluation |
Contributing Cause 3 Corrective Action 5 Interim Actions
SCE does not have a method | Revise the Event Response None
to reliably compare actual and Recovery Protocol to
restoration rates relative to include the following:
predicted rates in order to BoRORRAEERE AR R R R R AR pEwaw ¥
gauge whether Estimated restoration rate with
FEmmERm Rk ek w0 oex clearly defined roles and
met. responsibilities;

ok kdkdkddh d o hdhd ko kdh Kk
monitoring restoration
rate,

de ke e e e ok e e e R el b e e e e e e e ke ke
projections will not be
met.

Additional Opportunities for Improvement

Since beginning this Root Cause Evaluation, SCE has engaged with various stakeholders
and received feedback and additional suggestions for improving restoration, communication
with customers, and cooperation with agencies and communities. SCE has also received
and reviewed the February 1, 2012, report prepared by the Consumer Protection and Safety

deode kode dde de ke e ke ke ok ke kb e g e e e o e e e e e e e e e e e e e ol e e e e e e e e e e e e e e e b e ke ke ke

dede el e de e de e ke d de e e ek e e b el e kb kb o ke e b o ok e dbdk ok kR e e o dekeicke 1ok

dede ko vk e ek ok ok ek ko ok e ek e ok de e ok ke b ok ok ok e o ok e o o o o e e o ek e e o ol e e e Mokl ek e e ke ke ke ko

2012. SCE met with the city managers and other stakeholders representing fifteen affected
cities, and with other city mayors and local officials, to gather their input. SCE has worked
with first responders to discuss how to best coordinate resources in a major event such as the
November 30 windstorm. Finally, SCE has worked with its own employees to discuss how to
better provide service and communications during major incidents.

As a result of these activities, SCE has identified additional opportunities for improving
SCE’s Event Response and Recovery Protocol:

Storm Categorization: Revise the storm categorization criteria to ensure their
appropriateness and clarity, including the efficacy of maintaining the highest category
declared until normal operations are resumed.

Mutual Assistance: Revise the mutual assistance component of the Protocol to ensure the

dekodk ko kde ok kdokdkdkok ok kokdkdk ok okkokkk ok ddk ok kokokok ok dodkokodod ok ok ok ok ok ok kg ok o o e o ol doidle ok ek e ok e ke e ok ok ok
warrant it. ldentify ways to improve integration of mutual assistance crews by reducing their
mobilization time and increasing their self-sufficiency.

Incident Command System: Review SCE’s Incident Command System, used for emergency
management, to identify opportunities for integration and cohesion between the |CS and

- 49

SB GT&S 0581031



ke ko e ek ke e e ke ke ke ke b e ke b e e e ke e e b b e ke b e e ke e ke e b ke e ke e e e b ke b ke b e b e dedoleldbelbdebeliiedoleddedoloddelede dde edede e de e ke

appropriate.

Event Recovery Manager: * *****% * %% x #xxxx & xxxsxxrs & xxxxxss x xxex % wx x xwx x fwwns
position as it relates to storms, including triggers that warrant the staffing of this role and

a determination of the appropriate span of control. This should factor into how to perform
jurisdictional split as discussed in Corrective Action 3.

Staffing: Review the description of organizational response for each storm classification and
clarify the methodologies used to establish minimum staffing requirements and develop storm
organization charts and rosters.

Outage Management System: Assess system performance during major storm events when

dedekodk kok ok kk ok ek ko ek ok ok kb ok ek kbl ok e ok ok Rk o o Rk e e e d el d kA kg

predict the extent of outages 1o enhance the accuracy of these predictions.

Smart Meters: Evaluate both interim and permanent solutions involving the use of Smart
dekdkok k kkkodk ok kk ok kokdokokok Kk hkokhkodkdkokodkokoh ok ok okok ok ook ok ok ok ok ok ok ok ke ReRodbollokie el b keidok ol kel Bk WoRicdke ke ok dk ok %
for the early assessment of customer outages to help determine the magnitude of system
damage and to determine the number of customers still remaining without power during the
restoration activities.

Work Flow: Assess the performance of the repair work initiation capability of the field
crews’ mobile devices, as well as the effectiveness of the process from the point at which
repair orders are created, materials are ordered and filled, work is scheduled and crews are
dispatched. Identify opportunities to improve performance and implement those that provide
the most benefit and are also the most feasible.

Call Center Capacity: Review the Call Center infrastructure, processes, technology and
staffing capacity requirements during events where information updates are provided to
discrete groups of customers affected by an outage, versus those occasions when community-
wide or event-level messaging is appropriate. ldentify opportunities to improve performance
and implement those that provide the most benefit and are also the most feasible.

Stakeholder Coordination and Communication: ldentify and implement improvements in
emergency communications with public agencies and elected officials.

Medical Baseline Customers: [dentify and implement opportunities to identify and

dek ok dkod ok okodok ko dkokdk ok d ok kdkokodkdkokokoh ok dddok ok ok ok od ok okok ok ok ok ok ok b ok ke d o ookl i deddodode ok ddielde b ok ok kb ke ke e
dek ok kokdk ok ok ok hkkdkdokok Kk hhkhkhkhkdkdokkokk ok ok ddkokkd ok ok kdkdk ok ok ok ok od i doke ok dodddedok ek dekloibedde bk ok ke ke ok ded ok
dek ko kokde ko kod ok hokokodokokd ko kdkok d ok ok dokokod ok d dkoko otk ke ok ok e ok ok Bl ko ek ol ol ok deokde o e ke ook e e e e ke ok ok ok ok ok ok
that an unplanned outage will exceed 12 hours to let them know of the extended outage and
dedodkdekhkodekok ok kdkkk ok dkok ok kkdkokdhkk ko kok ok kokokokokdkokokok b okodok ok ok ok ol R o ok e d e e e ok Bl ik ddede ol dededok ol ok ok ke ke ok ok
cannot be reached by telephone, field personnel will be dispatched to the customer’s home to

give the customer this information in person. If the customer is not at home at that time, then

a door hanger will be left providing outage and safety information. Reports that track contact
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gk dede okl ek de ke ok e de ok ded b kb e e e de ok de ok b ok ek b e ok etk ok e o o ol o el e R e ool o ol o ol e o el ok e ok ke ok ke ok ko

contacted. Additionally, Regional Centers with reverse 911 capabilities will be used to notify
these customers about the extended outage as well as provide status updates.

- Information Access: Review and implement, as appropriate, text messaging, e-mail, webinars
and conference calls to update elected officials, first responders, Community Emergency

deode o e de de de e ke ol e e e ke e ok ke e e de e b e de ke e e e b b e e ke b e b b b ke b e e b b e e ke e e ol ol ol ol e e ol e ol ol e o b b ok iR ke

consider use of reverse 911 capabilities.

o dek ok okokokok ok ok ok okdk ok dk ok ok hokok ok ok ok ok ke ok ok ok dhkleRok ol e ok ok ok k ok ok ke ok ke ke ok ke k ok dedk o drdkdhdid ok ok Ak & %
I drcation:

deode dkode de e e ke ke ke ke e ke ok ke b e ke b ke ke e e e b e e ke b b ke b ke ke e e e e e e e el ol ol el ol dlbedddeddiede ol oo ol deddedeieddiede e ok ke

Volunteers: SCE will encourage its employees to join Community Emergency Response

dedede e e d ke ke ek e dedk e ek ek e o e e e e b e e ke ok e e ek b el Wb o Rl el ekl ol edek ke

dede de e e ek e ok d ok ok ke kR ok b kol ko d ek ek ok ke k d d ke kd ok ok kedk ok ok kK Ex sy defe i Sk

i dede e ok d b dke

deode e ode dde de ke e e e ke ke de e e e ke ke e b e b ke e e e e e e e e e e e e ke e e e b b b

Pole-Loading: Assess available pole-loading calculation software and select optimum
dekkkkdod ko ok ok kk ok dkkdokokk ok hkkhkdkokkodk ok khkkhk ok kk ok hhkkdhkhkdhobik bk hdbkhkhkobkdbdh Ak k khkkhkdk k Gk k
dedodedokokodekok ded ko dkokdokokdk ok ok kkdkk ok dokokk ok kdkok ok kokodokok d ok de ok ok dodoReodkodl MoNededodi doke dedle b Bl Wk ok ke ok fe ok ok ok
clarify responsibilities for assuring that in-service poles with new attachments will continue

dede ke de ke ok ek ok ko ke ke ke ke e b ke ke ke e b b ke b
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Excerpt from The Role of Forward Capacity Markets in
Increasing Demand-Side and Other Low-Carbon Resources
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Experience and Prospects

by Meg Gottstein and Lisa SchwartZ

uction-based capacity markets held several years
ead of need — called “forward” capacity markets
are a relatively new approach for addressing
resource adequacy in the power sector. Early experience in
the United States (US) suggests that these markets have the
potential to play a supporting role in delivering capacity
from low-carbon, demand-side resources, including energy
efficiency. However, auction results to date also suggest that
these markets encourage the construction or continued
operation of high-emitting supply-side resources to meet
reliability targets. Market design improvements and
additional policies can serve to better align these capacity
markets with carbon reduction goals.

T The authors gratefully acknowledge technical assistance from Paul Peterson and Doug Hurley, Synapse Energy Economics, Inc.
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REGULATORY ASSISTANCE PROJECT

introduction and Summary

r most of the US power sector’s history, the
quantity and mix of resources built to meet
customer demand for electricity was determined
or “planned” by utilities and regulators using a
range of analytical tools and methods. The revolution in
computing technologies during the 1970s and ‘80s made
possible the development of sophisticated planning models
that were used to identify the least-cost mix of resources
to meet demand for electricity, given a specified level
of reliability. In the mid-1990s — with the emergence of
electric industry restructuring in some parts of the US —
came the expectation that competitive markets would now
determine both the optimal amount and the optimal mix of
resources. The result was a move away from involvement of
regulators in the planning and procurement of electricity,
toward almost exclusive reliance upon markets for deciding
how much and what kind of generating capacity would be
available to meet customer demand.

Heal world experience quickly demonstrated that early
market designs were not going 1o deliver the amount of
generating capacity required for reliability needs. Stated
another way, these markets were not eliciting sufficient
investment in plant capacily to mest resource adeguacy
requirements. The response in parts of the USwas to
introduce a regional planning and procurement process
into organized power markets? to address this shortcoming.
Fegional system operators, using traditional planning
studies, were now tasked with determining the level of
capacity nesded for resource adequacy several vears info
the future. They also became responsible for procuring the
required amount of capacity by augmenting existing energy
markets with a forward looking capacity auction.

More specifically, in these auctions the system operaiors
solicit bids 1o mest the level of resourcs commitment they
estimate will be nesded 1o mest future pesk demand on
the systern, and then provide market-based revenues (o
resources that can fulfill that commitment. The revenues
take the form of a stream of capacity payments’ — at a

Demand-Side Resources

Demmenc slde lesnulees Bso teleiied D 2 e
Iesolices) are clslomer -beeerl teouces hal edloe
srproy teede gl valiols tres ol e doy o ey
— acloss some or many hours, They are generally
detined &s follows:

1) Energy efficiency — insialling roore efficient
ennen] onising moleelficient prooeey)
gystents to achieve a continuous and permanent
teduction o energy Lse Withou! reduciing e
aualily ol servios

2 Demand esponse - Clanoiinacsloel s
eleciticity derand I responee o igpai o
instructions or price signals

) Distributed conerallon - cereraiing
electiiclla Lecslone sile lhsone ces
LSt the wasle heat protiuced 10 the electiic
Cehetadion nirocess o aleo deliver uselyl et o
steary loomuined Hee and bover )

price determined through a regional competitive auction.
Only those resources bidding at or under the market
clearing price of the auction receive capacity commitments
and payments for being available, and for measured
and verified performance when called upon, during the
axpected systern peak hours. This particular approach (o
planning and procurement in the power sector became
cenerally referred to as a “forward capacity market.”
Forward capacity markets are a development to watch
because they combine traditional planning with organized
markets into a unigue formula that, besed on experience
to date in the US, appears to overcome the limitations of
eartier energy-only or capacity market designs in mesting
resource adequacy needs.* More important, they represent
the first time that energy efficiency resources have been
expressly designed into organized power markets and
parmitted to compete directly with supply-sicde powsr
generators.

2 "Qrganized power markets” refiers to power markets with an Independent Systern Operator (180) or Regional Transmission
Crganization (KTO) that operates a regional energy market, capacity market, or both. This paper does not distinguish between

RTOs and 150 — which provide equivalent relisbility services — and we refer 1o thess entitie

operators” in the following sections.

% generically as regional “system

¢ Capecity payments are in US$/megawstt (MW)-day or USES/kilowatt (KW)-rmonth. Conversion: $100/MW-day = $3/M-month.

4 An overview of that experience is presented above.
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THE ROLE OF FORWARD CAPACITY MARKETS IN INCREASING DEMAND-SIDE AND OTHER LOW-CARBON RESOURCES

Figure 1
ISO New England and PJM Territories

180 New England
' territory
- PJM territory—covers
J all or most of the
state
| PME territory—covers
part of the state

for electricity is functionally equivalent 1o — and cheaper
than — producing power from ganerating resouross

for keeping supply and demand in balance. One study
suggests that participation of these resources in the first
New England auction potentially saved customers as
much as $280 million by lowering the price paid to all
capacity resources in the market.” And in the most recent
FIM auction, demand-side resources are credited with
reducing the unit clearing price from $178.78 to $16.46
in unconstrained zones — a savings of $162.32/MW- day?®
Detailed results for the PJM and ISO-NE forward capacity
auctions are presentad in Appendix 1.

There are two additional capacity markets in the US—
one run by the New York 1SO and the other (as of June
2009) by the Midwest 180 .° However, only PJM and
ISO-NE run auctions several years in advance of need
and permit enargy efficiency along with other demand-
sicke resourcss o compete with generation to mest futura

relisbility requirements. They also offer the longest track
record for forward capacity markets covering multiple
states. Brazil is the only other country with a forward
capacity market, but it does not permit demand-sice
resources of any kind to compete. Therefore, our
discussion focuses on the forward capacily markets run by
PJM and 1S0-NE.

This paper examines how auction-basad forward
capacity markets address resourcs adequacy, with particular
focus on their potential to incresse the availability of

a

Two organized markets in the US — FPJV and 1SO New
England (ISO-NE)® — now conduct forward capacity
auctions that permit & wide range of demand-side resources
to compete with supply-side resources in meeting the
resource adequacy requirements of the region. (See Figure 1
below.) The responss of dermand-side resources in the RIM
and IS0-NE auctions is impressive, and their participation
is clearly demonstrating that reducing consumer demand

5 FIM Interconnection is an KTO that operates a competitive wholesale electricity market and manages the high-voltege electricty
grid for all or parts of Delaware, Hiinols, Indiana, Kentucky, Marviand, Michigan, New Jerssy, North Carcling, Ohio, Fennsylvaia,
Tennessee, Virginia, West Virginia, and the District of Columbia.

o 1S0O-NE oversess New England’s bulk electric power system, serving the states of Connecticut, Maing, Massachusatts, New
Harnpshire, Rhode sland, and Vermont.

T Cheryl Jenking, Chris Nerme, and Shawn Enterling, Vermont Energy nvestrment Corporation (VEIC), “Energy Efficiency esa
Fesouree in the 150 New &

-ngland Forward Capacity Mearket,” ECEEE 2008 Summer Study Proceedings.

¢ Joseph Bowring, Monitoring Analytics, “Analysis of the 2012/2013 RPM Base Residual Auction,” Sept. 10, 2000, Table 20.
“Uriconstrained” zones do not experience any distribution or transmission bottlenecks for the delivery of electricity to the enduser,
whereas “constrained” zones experience such limitations and pay clearing prices that reflect those constraints to capacity avaibble
during peak hours in those zones. Accordingly, the reduction in prices due to demand resources for any individual constrained
zong will be higher or lower than $162.32 per MW per day for this auction, depending in part on the quantity of demand-side
resources located in that zone.

2 inforrmation on these capacity markets, see FPaul Peterson and Viadlena Sabodash, Syrapse
srgy Exfficiency in Wholesale Markets: 180-NE, PIM, MISO,” ACEEE 5th National Conferences —
uree, Siept, 20, 2009, and New York 180, “Installed Capacity Manual 4,7 Qctober 2009,

O Sam Newell, Kathleen Spees, and Attila Hajos, The Brattle Group, Midwest [S0's Resourcs Adeguacy Construct:
An Evaluation of Market Design Elernents, prepared for the Midwest Independent System Operator, January 2009,
http:/fww.brattle.com/_documents/uploadlibrary/upload832.pdf

ergy BEconomics, inc.,
aroy Efficiency as a
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demand resources 1o meet future capacily requirements.
However, experience to date also makes a strong case that
more is neaded in & carbon-constrained world, where the
total mix of resouross is as important as the total quantity,
both in the short- and long-term. In particular, construction
anc continued operation of high carbon-emitting, supply-
sicke resourcss dominate the mix of capacity clearing these
auctions, and therefore these resources are receiving the
bulk of market incentives (capacity payments). The results
of racent studies — as well as market experience — also
suggest that carbon pricing alone is unlikely to reduce this
dominance in forward capacity markets (or in enargy-only
markets) at the pace or scale required to mest eggressive
carbon reduction targsts.
tn light of these observations, we pose the following
guestion to policymakers: How can the planning and
procurement process through forward capacity markets
be strengthenad to work in concert with carbon reduction
goals and policies, rather than at cross purposes? This
paper suggests & menu of options that could reduce carbon
amissions from the power system by:
» Providing premium capacity payments to low-carbon
resources
« Selecting auction winners based on level of carbon
amissions as well as bid price
» Making capacity payments only to thoses resources
with low- or zero-carbon emissions
» Phasing out capacity payments to exdsting, high-
amitting resources
« Allowing a longer price commitment or esteblishing
fixed-capacity floor pricss for low-carbon resourcss
« Properly considering energy efficiency in load
forecasts that set auction capacity nesds
» Refining existing market rules, as nesded, to ensure
that energy efficiency can fully compete on an equal
basis with power generators, including distributed
generation™

More generally, forward capacity markets creste market
incentives in the form of capacity payments for resources
that can commit to being available at times of system peak,
beginning several vears into the future. But these capacity

payments are clearly not the only factor driving the mix of
resolross to meet custormers” currant and future electricity
nesds. Existing market rules and procurerment policies
that affect the mix of resources mesting the syster’s energy
reguirements — a8 well as policies and regulations that
affect access, location, and cost recovery for transmission
and distribution facilities — have enormous impact on
both the short- and long-term resource mix in the power
sector.
it is bevond the scope of this paper 1o fully explore how
market rules, regulations, and policies can be harmonized
and strengthenad to mest customers energy nesds reliably
in a carbon-constrained world. Nonetheless, we obsarve
that many states in the US, including those where forward
capacity markets and carbon pricing currently exist, have
mace large and long lasting commitments to demand-side
and renewsble resource procurement through additional
policies and regulations. These include:
« Strong energy efficiency codes and equipment
standards
« Stable and sustained funding to provide audits,
financial incentives, and financing for home and
business efficiency improvements, including through
carbon auction revenues
» Energy efficiency resource standards that require
achievernent of specified energy-saving targsts
» Renewsble energy standards that require mesting a
percentages of energy corsumption with renewable
resouress, along with long-term contracting
regquiremeants in some casss
« Decoupling of utility profits from revenues, financial
incentives for shareholders, or both where the utility
is the efficiency portfolio manager — or parformance
contracting with third-party administrators to deliver
comprehensive, large-scale efficiency programs
« Complementary resource planning and procurement
practicss designed to incresses the mix of demand-
side and renewable resources that can meet resource
adeguscy requirements

Finally, we recognize that not all regions will creste
capacity markets for the purposs of addressing resource

" For example, energy efficiency resources that clear the PUM auction cannot receive capacity payments for more than four delivary

years, whereas under the 1S0O-NE market rules the

e resources are eligible to receive payments over the full life of the instaléd

measures. All other resources are eligible to participate in these capacity markets for as long a8 their ability to reduce demand or

generate power continues.
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adeguacy neads, and we do not atlempt 1o evaluate in

this papear whether they should, The evolution of capacity
rarkets in certain regions of the US has its own, and
unique, history. (See text box.) Establishing forward
capacity markets and their sssociated auctions involves
complex market rules and a myriad of market design
choices along the way, all with major implications for

the relative costs and benefits to consumers and resource
providers. Options for addressing resource adequacy needs
that do not involve the development of a capecity market
should also be explored by policymakers, particularly in the
context of a carbon-constrained power sector. The starting
point of this paper, however, 18 that such markets alreacy
exist (or are in the planning stages). 1t is within this context
that we offer our observations and recommendations.

Resource Adequacy in the US

In the US, resource adequiacy refers to the “ability of the
aleciric system to supply the agoregate electrical demand
and energy requirements of the end-use customers at all
times” — in effect, to provide reliable supply 99.97 percent
of the time."™ This high standard of reliability reflects the
urigue “serve all, or serve none” nature of the electric
syatern: 1T it falls short in mesting even one customesr’s
power neads, all customers relyving on that electric circuit
are literally left “sitting in the dark.” Contrast this with
other goods and services sold 1o consumers — for example,
mitk sold at & grocery store. If thera are only 15 cartons
of milk on the shelf and 16 customers come in at the
same time to purchass milk, only one customer walks
away empty handed (and that person could at lesst find
asubstitute product & the store to quench his/her thirst).
In contrast, if that product were kilowstt-hours, and peak
demand (or peak lvad) exceads the ability of the system to
generate electricity at that time, then the store “shuts down”
and all customers walk away empty-handead.

To ensure against such an outcome, utilities and other
companies that sell electricity in the US and in many
other powsr markets in the world are obligated to own or
purchass encugh capacity to reliably mest their customers’
pesk demands (“loads”). We call them “lead-serving
antities” or “L&Es” and unless otherwise noted, do not
distinguish between regulated .SEs (e.g., distribution
utilities) and non-regulated LLSEs (retail electricity
suppliers). In either case, the LSE's resource obligation in a
forward capacity market is expressed in terms of its share of
projected capacity nesds for the region several yvears in the
future.

Anelectric system must perform thres functions well to
ansure resource adequacy — that is, to ensure that there is
sufficient capacity committed to meeting customers peak
loads at all times. These are:

1) Estimate when the peak loads are likely to ocour and
the level of capacity commitment nesded to reliably
meet them.™

2) Obligate .SEs to have sufficient capacity available to
them during those projected periods of peak loads.

3) Put policies and rules in place to ensure that sufficient
resourcss will commit capecity to operate (or to
reciues loads) during these pericds, both in the short-
and long-run.

in other words, ensuring resourcs adeguacy involves
a planning process (what level of capacity commitment
is nesded and when?) and a procurement process (how
to acquire it?) that focus on the quantity and timing of
resourcss, but not the mix of resources required to meest
systern reliability. The attribute a resourcs s required to
demonstrate for resource adaquacy purposss is that its
obligated capacity will be available when called upon,
during the projected hours of peak system loads. Resource
adeguacy rules are indifferent to other attributes, including
environmental attributes of resources.

2 North Ammerican Electric Reliability Corporation, Glossary of Terms Used in Religbility Standards, April 20, 2009, at
http:/fwww.nerc.com/docs/standards/rs/Glossary_2008April20. pdf Put another way, resource adequacy means having
sufficient electric supply resources in place to maintain the “one day in 10 years’ standard of reliability (which translates to
reliable supply 99.97 percent of the time). See also N. Jonathan Peress and Kenneth A. Colburn, “Connecting Market Design:
From Carbon to Electric Capacity,” October 2005, Vol. 3, No. 1, Energy Committee Newsletter, American Bar Association.

 The level and timing of peak loads are estimated before the fact, and the projections are less reliable the farther out in tine

they are made.
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How Forward Capacity Markets Evolved in the U

Forward capacity maikets in the USevolved es a
Way of ensuring resource adequacy al ressonable cosls
to electiicity consumers through a combination of
syalom planning and Do ed marieets Bror 1o e
development of orgenized markets in pars of the Us
bover poole establishedl o eeenee el fedUlieElen
and each participating LSE wes responsible for acquiting
inshalled capacity o e 1l individial losds plls
el mardin of fce e el peralliee Theseng of
capecily redlitenents for the pool es s wlhicle eant
however, that each L& s reserve requirements were
Sonilcontly lower ey they wollid otteniee be 11 1
wereaslncdlone enlily el s par cipends In e paol
benefited from the greater diversily of loads snd sLipply
fesolces nal chanaceied e combied svsen. The
pools aleo Baciliied T Lrading of cpeclly Hhiough
bilateral agreements, which had particular value in those
poois where individual susleir poals were einoally
difrentiated (e i Mew Encland whiose nothenn
States peaked [0 e winter and ol shles in e
sumimer). After market restructuring, L5Es also could
irade capacity in auctions run by the system operator
resoonsible for e reliabiliy of lhe regionselectiic g
in those early days of competitive wholesale markels,
auciions cenetally were held st afew teys belore e
one-month delivery period.

These oo copadity etkel provided neiiticent
eentives ol olonts o be avallable wiien called on
Teesullwe bipolet pricing. Ehelevee acsinply
siplus capaclly plioss wee eiiectvely cero U Hhere
WeE any shortlall eapacily prices Tose o e Drice o
(e Woreowel shord e hotizons [or theaucijons

lied offers for new capecily o addition. neikel
power © concerns surfaced after utilities sold their power
Planits Under electile idusiny iesinueluring, particularly
nareee With arifloant lanemlesion cotstiains
1 he Federal Energy Regulatory Cormission (FERC)
tesponded with price caps for e enery atked then
asa s eflect limited scatlly piice signaie. Thills
ehErg-only power nenkels - that B narkets bl pey
Cearngpiios o enetgy onacayv atier ot sho e bals
=y not peving Bigh enough otioes Tot investans
o bulldsuiicient peald g resolioes 0 el Tuule
reliability needs.

Mesnwhille merchen gene alore vere bickling
Liidel bigh fuel pilces for new netunel oee e
plane and ovnes ofolder less elliciont planis Niled
requests for retirement. To mainain sysiem reliability,
deral legulatols eppoved experslve ety
sy contrets (o keep teedied planls tolng ang
then nendaled the developimenl of a mote sysienalic
approser forpevino ot e by, The restilling Drocess
praduced aechanie o make canec iy pevhenis o
dilgeneraiorn nol st heee atplving for eliieoent
and o develop more officiend capacity Wiere 1 wee mest
Necded Bl e binnptee molsuchconiacs o e
New Brolanid sleles led to legpl ontion el ended with o
novel setllerment in 2006 a capacity market run by 190
NE et allows erergy ellicehoy and oty demenideide
resoliices o compele With ceneralion o et ieliabilily
requirenments several vears In advance of need In 2007
much ol the Mid-adlanitic and Micwest tedion adonied &
stiniller capanily markeet tun by BUML

¥ This description draws upon Robert Stoddard and Seabron Adarnsor, CRA International, “Comparing Capeacity Market and
Fayrnent Designs for Ensuring Supply Adeguacy,” Procesdings of the 42nd MHawail International Conference on Systern Sciences,
2009, and Sandra Levine, Doug Hurley, and Seth Kaplan, "Prime Time for Efficiency, Fublic Utilities Forinightly, June 2008,

 &ee footnote 2 for a definition of "organized markets.” Southern and western states, except for California, have not developed
organized power markets.

6 Such as withholding power to extract higher prices.
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Southern California Edison
Annual System Reliability Report - 2011
Table of Contents

Aﬁa@hsﬁt ‘ Tab Name Desisﬁan
Historical System Indices o
1A (IEEE Std 1366-2003) SAIDI, BAIFL and MAIF! Annual System Statistics calculated per IEEE-1368,
g |Mistorical Systemindices |1 SAIFL and MAIFI Annual System Statistics calculated per D.96-09-045
(D.96-09-045) ’ ’ ' '
For each excluded major event day, the date & primary cause, the associated SAIDI, SAIFI and MAIF]
1C Maijor Event Days Detall and the basis for-the exclusion (either the D96-09-045 definition or IEEE Std 1366-2003 2.5 Beta
Method).
; . Circuit ID and number of customers experiencing more than one sustained outage per month on a
2 List> 12 Sustained rolling annual average basis after exclusion of major events (2002-2011)
The largest SAIDI days each vear, the number of customers affected, and the number of people Used
3 |Top10SAIDIEach Year |, ostore service (2002-2011)
4 No Service by Hourly Interval ['The number of customers without service by hourly interval (2002-2011) for each major event day.
5 No Service by Duration The number of customers without service by outage duration (2002-2011) for each majorevent day.
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Attachment 1B

Southern California Edison
Historical System Reliability (CPUC D.96-09-045)

2002 - 2004 Using DTOM
2005 Using DTOM & ODRM
2006 - 2011 Using ODRM

All Interruptions Included’ Major Event Days Excluded Per D.96-09-045"

YEAR SAIDPP SAIFI MAIFI sSAIDP® SAIFI MAIFI
2002 52.75 1.23 1.11 50.44 1.11 1.10
2003 (w/o sub)® 87.23 1.39 1.37 63.90 1.19 1.17
2003 (w/ sub) 79.20 1.35 1.37 57.78 1.15 1.18
2004 (w/o sub) 75.21 1.34 1.19 67.11 1.26 1.12
2004 (w/ sub) 68.39 1.30 1.19 62.83 1.24 1.13
2005 (w/o sub) 91.64 1.52 1.44 74.25 1.27 1.21
2005 (w/ sub) 91.45 1.52 1.44 74.16 1.27 1.21
2005 (ODRM)* 106.41 1.02 2.00 82.10 0.82 1.67
2006 ODRM 142.27 1.08 1.81 116.34 1.00 1.64
2007 ODRM 151.60 1.15 1.68 141.95 1.11 1.60
2008 ODRM 119.21 1.12 1.67 119.21 1.12 1.67
2009 ODRM 105.98 0.94 1.41 105.98 0.94 1.41
2010 ODRM 141.14 1.09 1.64 141.14 1.09 1.64
2011 ODRM 232.60 1.08 1.49 173.03 1.03 1.43

All calculations utilize a definition of "sustained” interruption as described in [D.96-08-045, which is an intefruption lasting 5 minutes or longer.

"This excludes 1SO-directed firm load curtailment, Protective Outage Plan (POP) outages; Remedial Action Scheme (RAS) outages.

2 Wajor Event Exclusions are defined in D.96-08-045 under Appendix A Section | - ltem 4¢.

¥ Metrics-for 1988 - 2005 have been adijusted upward to reflect the variance introduced by Scuthern California Edison's former convention of declaring All Load Up (ALU) when
power had been restored upto the last residential transformer.. An estimate was ‘added to the annual CMI base to arrive at the normalized SAIDIs. No adjustment was necessary
beyond 2005,

“0ODRM data in 2005 only does not include Area Outages,

5¥Sub" refers 1o substitution of historical average metrics in circulls affected by the Bark Beetle Infestation,

Attachment 1B 3 Historical System Indices



