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Executive Summa 

This report examines the benefits and costs of NV Energy's participation i n  the 

Cal ifornia Independent System Operator's ( ISO's) energy imbalance market 

("El M" or "the E lM") .  ISO's E lM is a regional 5-minute balancing market, as wel l  as  

rea l-time un it commitment capabi l ity, which i s  expected to be operational in Fa l l  

2014. ISO and PacifiCorp, referred to in th is  study as "current E lM participants," 

are assumed to be participating in the E lM by the time that NV Energy 

participation would commence, which is currently estimated to be Fa l l  2015. 

The report estimates a range of potentia l  benefits, with the low range reflecting a 

scenario i n  which assumptions were chosen to be conservative. For the yea r  

2017, total estimated gross benefits for a l l  participants range from $9 mi l l ion to 

$18 mi l l ion (in 2013$); for 2022, tota l gross benefits range from $15 mi l l ion to $29 

mi l l ion. NV Energy's attributed share of these gross benefits is estimated to range 

from $6 m il l ion to $10 mi l l ion in 2017 and from $8 mi l l ion to $12 mi l l ion in 2022. 

Based on NV Energy's pre l iminary cost estimates, its participation in the E lM 

would produce significant net present va lue (NPV) savings to  the  NV Energy 

balancing authority (BA). 1 NV Energy participation in the E lM  would a lso produce 

1 A balancing authority (BA) is an entity responsible for integrating resource plans in advance of real-time 
balancing needs, maintaining load-interchange-generation balance within a balancing authority area, and 
supporting interconnection frequency in real time. A balancing authority area (BAA) is the collection of 
generation, transmission, and loads within the metered boundaries of a BA. 
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sign ifica nt incrementa l savings for current E lM participants, and is expected to 

create no incremental implementation costs for current E lM participants beyond 

those that are recovered from NV Energy through ISO fixed and administrative 

charges. Thus, NVE Energy participation in the E lM is expected to produce positive 

incrementa l net benefits for a l l  E lM participants collectively, including NV Energy. 

G iven NV Energy's estimated start-up  costs of $11.3 mi l l ion and ongoing costs of 

$2.6 mi l l ion,
2 

even the low range of estimated benefits in 2017 in this report 

support the conclusion that NV Energy's participation i n  the E lM  provides a low

risk means of achieving operationa l cost savings for NV Energy and the current 

E lM  participants. The results a lso confirm that total E lM benefits can increase as 

new participants, such as NV Energy, join the E lM,  bri nging incremental load and 

resource d iversity, rea l-time transfer capabi l ity util ity, and flexible generation 

resource avai lab i l ity to benefit a l l  ma rket participants. 

Cha nges in the electricity industry in the Western U .S. a re making the need for 

greater coord ination among BAs i ncreasingly a pparent. Recent studies have 

suggested that it wi l l  be possible to re l ia b ly operate the current western electric 

grid both more efficient ly and with high levels  of variable wind and solar  

generation, but doing so wi l l  req u ire improving and supp lementing the hourly 

b i lateral markets used in the Western states with mechan isms that a l low 

shorter schedu l ing timesca les and greater coord ination. 

An ElM provides such a mechan ism.  By a l lowing BAs to pool load and wind a nd 

solar resources, an  E lM  would lower tota l  flexib i l ity reserve req u i rements and 

'
Preliminary cost estimates provided by NV Energy. 
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reduce curta i lment of wind and solar generation for the region as a whole, 

lowering costs for customers.  An E l M  may a lso he lp to improve compl ia nce with 

Federa l  Energy Regu latory Commission (FERC) Order 764, which emphasizes 15-

m inute schedu l i ng over interties but may not be imp lemented on an optimized 

basis d ue to the d ifficu lty of b i latera l trad ing on such short time i nterva ls .  

To respond to these needs and opportun it ies, the ISO has pursued p lans to 

create a regional  E lM by Fa l l  2014, and ISO has worked with stakeholders 

throughout 2013 to fina l ize deta i l s  of the E lM's structure and  functions. 3 The 

E lM  is designed to be a balancing market that optimizes generator d ispatch 

with in  and between balancing authority areas ( BAAs) every five minutes by 

leveraging the functiona lity of ISO's existing rea l-time ma rket. It does not 

replace the day-ahead or hou rly ma rkets and sched u l ing proced ures that exist i n  

the Western I nterconnection today. Throughout the  E lM  sta keholder process, 

ISO has emphasized that the E lM  is being designed to enable other BAs 

throughout the Western I nterconnection to join .  

ISO and NV Energy staff have worked together to assess potentia l  opportun ities 

for improved regional  coord ination and ca pabi l ities between their BAAs, 

inc lud ing through an  E l M .  As part of this col laboration, the ISO reta ined Energy 

a nd Environmental  Economics, I nc. (E3), a consult ing firm, to est imate the 

potentia l  benefits of NV Energy join ing the E lM, and Asea Brown Boveri (ABB), 

whose consult ing staff ran ABB's production s imu lation software to ca lcu late a 

3For the latest details of the ElM market, see "Energy imbalance market," CAISO, accessed November 21, 2013, 
http:/lwww.caiso.com/informed/Pages/StakeholderProcesses/EnergylmbalanceMarket.a�; CAISO, "Energy 

Imbalance Market Draft Final Proposal," September 23, 2013, 
hl;tp:l/www.caiso.com/Documents/EnergylmbalanceMarket-DraftFinaiProposai092313.pdf. 
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portion of the estimated benefits. This report describes the find ings of E3 and 

ABB, who a re together referred to as  "the study team" in the report. 

The report eva luates benefits using an approach consistent with that used in E3's 

PacifiCorp-ISO Energy Imbalance Market Benefits report, which was released in 

March 2013.4 The current ISO-NV Energy study focuses on the incremental 

benefits and costs of NV Energy's participation i n  the E lM, which assumes 

PacifiCorp is a lready an E lM  participant in its base case . This study i ncorporates 

additiona l details provided by NV Energy staff to improve the accuracy with which 

the NV Energy system is represented in the mode l ing. 

An expanded ElM that inc ludes NV E nergy, in add ition to the current E lM  

participants, would a l low participants to  further improve d ispatch efficiency and  

take adva ntage of  add it ional  d iversity i n  loads and generation resources 

between the three systems, red ucing production costs, operating reserve 

requirements, and renewa ble generation curta i lment. Specifica l ly, the 

participation of NV Energy in the ElM would yield the fol lowing three pr inc ipa l  

benefits: 

Interregional dispatch savings, by rea l iz ing the efficiency of com bined 5-

m inute d ispatch a nd rea l-time un it commitment across the NV Energy, 

PacifiCorp, and ISO BAAs, which wou ld red uce "transactional  friction" 5 

4 See E3, "PacifiCorp-ISO Energy Imbalance Market Benefits," March 13, 2013, 

analysis represents various forms of "transactional friction" to inter-BA trade using each BA's tariff wheeling 

charges on transactions between the ISO and NV Energy, which are removed in the ElM cases. The ISO has 

proposed to not charge wheeling rates on ElM transactions for at least the first year of ElM operation beginning 

with the PacifiCorp participation. The ISO intends to review policy associated with transmission used to support 

ElM transfers, following initial operation and results of ElM. If the ISO finds it appropriate to recover fixed costs 
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a nd a l leviate structural  impediments currently preventing trade on ties 

between the ISO a nd NV Energy BAAs;6 

+ Reduced flexibility reserve, by aggregating the three systems' load, wind, 

and solar varia b i l ity and forecast errors; and 

+ Reduced renewable energy curtailment, by a l lowing BAs to export or 

red uce imports of renewable generation when they would otherwise 

need to curta i l  their own resources. 7 

E3's PacifiCorp-ISO E l M  study inc luded a fou rth benefit category, i ntra regiona l  

d ispatch savings, which arises from PacifiCorp generators be ing able to be 

d ispatched more efficiently through the !SO's automated noda l  d ispatch 

software, reducing transmission congestion with in  the PacifiCorp BAAs. Based 

on NV Energy staff's experience that there is l itt le internal congestion with in  the 

NV Energy transmission system, the study team assumed this benefit would be 

very smal l  and  therefore d id not inc lude it in this ana lysis. 

The above benefit categories a re ind icative but not exhaustive. A recent FERC 

report identified add it ional  rel iab i l ity benefits that may a rise from an  E lM,  

which a re not quantified in th i s  report. These inc lude enhanced situational  

awa reness, security constra ined dispatch, faster de l ivery of rep lacement 

from the ElM during future years, the ISO would attempt to implement transmission compensation policy in a 

manner that mitigates any negative impacts on potential efficiencies savings from the ElM. 

6 See Section 2.1.3.4 for a discussion of the transmission ties between the NV Energy and PacifiCorp East BAAs. 

7 The PacifiCorp-150 ElM analysis modeled a wide range of potential avoided curtailment as a result of the ElM. 

NV Energy's incremental participation in the ElM would raise the expected levels of avoided curtailment to a 

higher point within that range. 
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generation after the end of contingency reserve sharing assistance, and 

enha nced i ntegration of renewa ble resources.8 

The study team estimated the benefits of NV Energy's participation i n  the E lM  

us ing the GridView9 production model ing software to  s imu late operations i n  the 

Western I nterconnection for the years 2017 and 2022, with and without NV 

Energy as an  E lM participant. The year  2017 was selected to represent l i kely, or 

"norma l," system cond itions with in  the first severa l years after the E lM  

becomes fu l ly operationa l .  The year 2022 represents t he  medium-term p lann ing 

horizon, consistent with other tra nsmission p lanning cases at the Western 

E lectricity Coord inating Counci l  (WECC) and ISO, after add it ional  renewable 

generation and more regiona l transmission fac i l ities have been constructed, and 

with higher flexib i l ity reserve requ i rements for supporting higher levels of  wind 

and so lar penetration. The study team's ana lysis a lso incorporates Ca l ifornia's 

greenhouse gas regu lations and the associated d ispatch costs. 

The estimated benefits a re sensitive to severa l key assumptions and mode l ing 

parameters. These inc lude: (1 )  the extent to which NV Energy generators are 

ava i lable to participate i n  the E lM  during summer months, during which NV 

Energy may have more restrictive requirements to use these generators for 

loca l load service and balancing; and (2) the ab i l ity of ISO and NV Energy to 

rea l ize i ncrementa l va l ue through optima l  use of i ntra-hour flexib i l ity reserves 

from across the two systems. The resu lts a re a lso sensitive to assumptions 

8 Staff of  the Federal Energy Regulatory Commission, "Qualitative Assessment of  Potential Reliability Benefits 

from a Western Energy Imbalance Market," February 26, 2013, 
http:l/www.caiso.com/Documents/QuaiitativeAssessment-PotentiaiReliabiiityBenefits-

GridView is ABB's production simulation software. 
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a bout the amount of renewable energy curtai lment in Ca l ifornia that could be 

red uced through an  expanded E l M .  

The study team developed low a n d  high range benefit scenarios t o  address key 

uncerta i nties in the modeling. These scena rios reflect the l imitations of existing 

tools to cha racterize al l  of the changes to system operations that would occur 

under an  E l M .  These inc lude but are not l im ited to the mode l ing of reserves, 

renewa ble energy curta i lment, and greenhouse gas regulations. They a lso 

ca pture uncerta i nties about the extent to which future industry deve lopments 

would a l low cost savings to occur both with and without a n  E lM .  Table 1 below 

summarizes some of the key assumptions that were used to create the low and 

h igh benefit ra nges. 10 

10 
The PacifiCorp-150 ElM study indicated that cost savings for PacifiCorp's ElM participation were sensitive to 

assumptions about the availability of hydropower to provide flexibility reserves, and that analysis modeled a 

range of benefits by assuming that between 12% and 25% of the total nameplate capacity of hydropower 

generation is available to provide flexibility reserves, with the 25% assumption resulting in a more conservative 

ElM benefit estimate. For NV Energy, hydropower makes up a smaller portion of generation resources than for 

PacifiCorp, so the availability of hydropower to provide reserves would likely have a less significant impact on the 

expected benefits in this analysis. This NV Energy-150 study uses only the conservative range, modeling all 

scenarios with a 25% cap on reserve contribution from hydropower resources. 
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Table 1. in low and range benefit scenarios 

' ' 
' 

�SD:mJ:�1tiG'n , liaw; asg�r� Htgl'i range 
of NV Unava i la b l e  

C a lculation of flexibilty 

reserve b e nefits 

S h are o f  i de ntifi e d  

renewa b l e  e nergy 

curt a i l m e n t  va lue 

a vo i d e d  in Cal ifornia 

a n nual  d ispatch b e nefits 

scaled d ownward one-

third 

benchmark o f  average I S O  

h istoric a l  

m a rket 

10% 

Note: *See Section 2.1.3.6 for additional detail. 

Simulation 

ca l culates benefits of 

reduced reserves, a n d  

transmiss ion constra ints 

100% 

Across these scenarios, the study team est imated that NV Energy participation 

in the E lM  generates total annual cost savings to all participants ( i n  2013$) of 

$9 .2  to $18.2 m i l l ion in 2017, and $15.0 to $29.4 m i l l ion in 2022.  These benefits 

are incremental to those estimated for the creation of the i n itial E lM  between 

PacifiCorp and ISO. Table 2 and Figure 1 below show the est imated low and high 

range benefits for the expanded E lM, for each of the three benefit categories. 
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1. 

from NV 

$35 

$25 

range i ncremental gross benefits to 

i n  E l M  for 2017 a n d  2022 

ra nge i nc remental gross benefits to a l l  

i n  E l M  

Ill nterregional 

Case 2022 Case 

Note: Figure represents total incremental benefits to all ElM participants as a result of 

NV Energy's participation in the ElM. 

The study team's attribution of these benefits between the NV Energy balancing 

authority (BA) and the current E lM  participants is shown in Tables 3 and 4 below, 
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and i nd icate that NV Energy's participation could de l iver operational  savings to 

both pa rties. 

Table 3. Attribution of E l M  gross benefits to NV BA 

Note: Attributed values may not match totals due to independent rounding. 

Table 4. Attribution of ElM gross benefits to c urrent E l M  

Note: Attributed values may not match totals due t o  independent rounding. 

The annua l  benefit estimates described in this report are gross benefits and are 

not net of estimated costs. NV Energy's prel iminary cost projection for joining and 

participating in the E lM includes the four cost categories l isted i n  Table 5. 
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i n  E l M  

These costs include $11.3 mi l l ion in one-time setup costs and  fees p lus $2.6 

mi l l ion i n  annua l  operating costs and usage charges, for a total 20-year  present 

va l ue cost of $41.8 mi llion.  11 The present value gross benefits to the NV Energy 

BA over this time period range from $82.1 mi l l ion to $129.4 mi l l ion, 12 resulting i n  

20-yea r NPV benefits of  between $40.3 mi l l ion and  $87.6 mi l l ion. 

NV Energy's addition as an  incremental participant to the ElM is assumed to 

create no additional costs for current ElM participants, beyond those that are 

covered in ISO fixed and administrative charges. On a present va lue basis over 20 

yea rs, NV Energy's participation in the E lM would bring incremental gross and net 

benefits to current E lM  participants of $68.9 mi l l ion to $166.9 mi l l ion 

11 
All present value estimates are shown in 2013$ and use an 8.1% nominal discount rate and 2.0% annual 

inflation rate over the study period. Setup costs are assumed to be incurred in 2015, and annual ongoing costs 

are assumed to begin in the assumed project start year of 2016, which is the expected first full year of NV Energy 

participation in the ElM. 
12 

The present value benefit calculations assume that gross benefits in the project start year of 2016 are equa I to 

the 2017 estimate. Annual benefits for the years 2018-2021 were interpolated from the 2017 and 2022 benefit 

estimates; benefits for 2022 through 2035 were conservatively assumed to grow at the rate of inflation. Results 

from the GridView model are inflated from 2012$ to 2013$ at 1.5%. 
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Summing the estimated N PV benefits for a l l  E lM  participants - $40.3 to $86.7 

mi l l ion for NV Energy and $68.9 to $166.9 mi l l ion for current participants - leads 

to an estimate of tota l incrementa l N PV benefits to all participants of $109.2 

mi l l ion to $254.5 mi l l ion that result from NV Energy's participation in the E lM .  
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llntrodu 
.. 

I 

1 

NV Energy a nd ISO i n itiated a joint study to eva luate the potentia l  benefits of 

improved coord ination a nd capab i l it ies between their systems, inc lud ing NV 

Energy's participation in an El M operated by ISO. The ISO and NV Energy 

reta ined the study team to identify and quantify the incrementa l benefits of NV 

Energy's participation in the E lM, and to examine the a l location of benefits 

between NV Energy and current E lM participants - PacifiCorp and ISO. 

This report describes the .study team's methods and find ings. The ana lysis uses 

an approach that is consistent with that used in E3's PacifiCorp-ISO Energy 

Imbalance Market Benefits report, released in March  2013. Throughout the 

study process, the study team worked closely with both NV Energy a nd ISO to 

refine scenario assumptions and data i nputs, and to estimate benefits 

consistent with how each party bel ieves its system operates today a nd would 

operate i n  the future under each of the defined scenarios. 

The remainder of the report is organ ized as fol lows . Section 2 identifies key 

assumptions {2 .1), specifies methods (2 .2) and scena rios (2 .3) ,  and  presents 
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benefits {2 .4)  and benefit attribution {2 .5) for the ana lysis. Section 3 provides 

context for i nterpreting the resu lts, describ ing where the assumptions l ie a long 

a conservative-moderate-aggressive spectrum {3 .1 )  and how the resu lts 

compare aga inst other El M stud ies {3 .2 ) .  The Techn ica l Appendix a lso describes 

the mode l ing assum ptions and methods in more deta i l .  

© 2014 Energy a n d  Environmental Economics, I nc. P a g e 1 14 I 



NV Energy-150 Energy Imbalance Market Economic Assessment 

I lysi 

1 

AN IT 

The El M considered i n  this study wou ld consist of a volunta ry, sub-hourly 

market covering the NV Energy, PacifiCorp West, PacifiCorp East, and ISO BAAs. 

!SO's E lM is a regional five-minute balancing market, as wel l  as rea l-time un it 

commitment. ElM software would automatica l ly d ispatch imbala nce energy 

across these BAAs every five minutes us ing a security-constra ined least-cost 

d ispatch a lgorithm.  By providing an  i nterregional  market for i ntra-hour 

imba lance energy, the expanded ElM would complement NV Energy's existing 

p rocedures for transacting with the !SO's day-ahead markets on a b i latera l  basis. 

This study assumes that ISO hour-ahead and day-ahead markets wil l remain  

uncha nged and that  NV Energy wi l l  cont inue its existing practices for resource 

adequacy p lann ing, un it commitment prior to rea l-time, regu lation and 

contingency reserves, and regiona l  reserve sharing agreements. 

NV Energy participation i n  the ElM is expected to lead to three pr incipal  cha nges 

in system operations for NV Energy and the current ElM participants: 

+ More efficient The ElM would a l low more 

efficient use of generators and transmission systems by reducing 

"transactiona l  friction" and structura l  impediments between NV Energy 
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and ISO BAAs, 13 e l imi nating within-hour l imitations, and enabl ing more 

efficient d ispatch between BAAs re lative to current schedu l ing 

practices. 

+ Reduced reserve By pooling variabi l ity in load 

and wind and so lar output, NV Energy, and the current El M participants 

would each reduce the q uantity of reserves req u i red to meet flex ib i l ity 

needs. 

+ Reduced renewable energy c u rtai lment i n  the ISO. By having the 

add it ional  NV Energy generators to reduce output when the ISO faces 

a n  /{over-generation" situation, the expanded E lM would reduce the 

amount of renewable energy ISO would otherwise need to curta i l .  The 

study quantification focused on benefits of reduced ISO curta i lment.  

There cou ld be wider curtai lment benefits throughout the E lM footprint 

that were not qua ntified in the study. 

This study ca lcu lates the benefits associated with these changes by comparing 

the total cost of operati ng the combined systems under two cases: (1 )  an  NV 

Ene rgy ( NVE) BAU Case, representing operating practices under a 11business-as

usua l" case in which NV Energy does not partici pate in the E lM; versus (2) an  

N VE  E lM Case, i n  which the El M i s  extended to  include the  NVE BAAs.14 The cost 

d ifference between the NVE BAU Case and the NVE E lM Case represents the 

i ncrementa l benefits of NV Energy participating in the El M .  The study a lso 

13 This study conservatively assumed that interties between NV Energy and the PacifiCorp East system cannot be 

utilized for the ElM based on existing contractual rights over those ties. It is uncertain at this time whether 

existing contractual rights would support the use of these facilities by the ElM. If they are ultimately available to 

the ElM, these paths may create additional savings from dispatch efficiency improvements not modeled in this 

analysis. 

14 NV Energy has historically operated as two BAs, Nevada Power and Sierra Pacific Power, but those entities 

increasingly operate as a jointly coordinated single system. For clarity, NV Energy is treated as a single BA in this 

modeling work and in the descriptions in this report. This assumption has a negligible impact on the modeling 

results. NV Energy consolidated its two BAs on January 1, 2014. 
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provides a h igh-level estimate of how these benefits might be a pportioned 

between NV Energy and current El M participants. 

The costs of an El M inc lude those incurred by the market operator to set up and 

operate the ElM, and those incurred by E lM market participants. Expand ing the 

E lM to include NV Energy would req uire some expansion of ISO's El M softwa re 

capabi l ities, but much of the in it ia l  setup is expected to be completed by 

October 2014. I n  this study, NV Energy is assumed to be the on ly i ncrementa l 

E lM participant, and NV Energy's participation i n  the E lM is assumed to create 

no add itional  costs for the current E lM participants, beyond those that a re 

covered i n  ISO in it ia l  setup and admin istrative charges. 

The ISO's ElM Draft F ina l  Proposa l outl ines the i n it ia l  setup fee and ongoing 

administration fee that the ISO wil l charge pa rticipants for join ing and using the 

El M .  15 The ISO's proposed operator charges for the El M use a "pay-as-you-go" 

approach, which a l lows the El M to expand as new market participants join .  The 

one-time upfront charge depends on the size of the BAA and covers the cost of 

making the model ing, systems, and other preparations to inc lude an entity in 

the ElM .  Ongoing admin istrative charges cover costs to operate the E lM, and 

a re based on the same cost structure as !SO's existing grid management charge 

and the E lM participant's level of usage. For NV Energy to participate in the ElM, 

15Energy Imbalance Market Draft Final Proposal," September 23, 2013, 

http://www.caiso.com/Documents/EnergylmbalanceMarket-DraftFinaiProposal092313.pdf 
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ISO estimates that NV Energy wou ld  i ncur a one-t ime fixed charge of 

a pproximately $1 .1  mi l l ion and $0.7 mi l l ion per yea r in admin istrative charges.16 

NV Energy provided estimates its hardware and organizational costs to participate 

in the ElM .  These include new metering or communications hardware to enable 

effective communication between parties, and some amount of staff tra in ing and 

organizationa l development to more ful ly take advantage of the market 

opportunities offered by the El M .  NV Energy's prel iminary cost projections, 

includ ing ISO's one-time setup fees and annua l  usage fees, are listed in Table 6 .  

Using these estimates, tota l fixed and operating costs for NV Energy's 

participation i n  the El M would consist of $11.3 m il l ion in one-time startup costs, 

a nd $2.6 mi l l ion per yea r  in annua l  ongoing costs. 

estimated o n e-ti m e  a n d  a n n u a l  costs to 

" � " » 
(C t J > � 

' ' ' 

c�w��, , SJ"iming , !GQ� 
O ne-tim e  

O n e-ti m e  

A n n u a l  

& a d m i n istratio n  

Esti mated a n n ua l  I S O  usage fees A n n u a l  

i n  E l M  

16 
ISO annual administrative fee is based on a participant's gross imbalance energy of both load and generation 

with a minimum volume set at 5% of the gross generation and 5% of the gross load. The exact rate for 2015 and 

following years will be determined as part of the ISO GMC (General Management Charge) stakeholder process but 

ISO staff currently anticipate a rate of approximately $0.20/MWh. Other cost and risk allocation issues associated 

with the ElM, and the proposed rules to address these issues, have been discussed as part of the ElM stakeholder 

process. See "Energy imbalance market," CAISO, accessed November 21, 2013, 

http://www.caiso.com/informecl/Pages/StakeholclerProcesses/EnergylmbalanceMarket.aspx 
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Eight key model ing assumptions are important for understa nd ing the resu lts i n  

th i s  study: 1)  the  use  of  whee l ing rates for power transfers between BAAs; (2 )  

d ispatch on an  hourly t ime scale; (3 )  the  treatment of  flexi b i l ity reserves; (4) 

transfer ca pab i l ities between NV Energy and the current El M participants , a nd 

over faci l ities jointly owned with th ird parties; (5) l imits on hydropower 

contributions to reserves; (6)  the ava i lab i l ity of NV Energy generation to 

participate in the E lM; (7) the impact of the El M on unit commitment; and (8) 

attribution of E lM benefits. This section provides a brief overview of the 

rationale for these assumptions. 

Within  the Western I nterconnection's bi latera l markets, there are a number of 

impediments to efficient trade of energy across BAA boundaries. These inc lude: 

+ The need, in many cases, for ma rket participants to pay for the fixed 

costs of the existing transmission system by red i recting or acqu i ring 

add it ional  point-to-point transmission service i n  order to schedu le  

transactions from one BAA to  another; 

+ The current ta riff practice of requ iring short-term transactions to 

provide rea l  power losses for each tra nsmission provider system that is 

uti l i zed, resu lt ing, i n  some cases, i n  mu lt ip le or "pancaked" loss 
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requ i rements that are added to the "pancaked' fixed costs described 

above; and 

+ I nefficiencies re lated to having i l l i qu id bu lk  power and tra nsmission 

service markets and im perfect i nformation, such as the sta ndard 16-

hour "Heavy-Load Hour" and  8-hour "Light-Load Hour" day-ahead 

trad ing products defi ned by the Western Systems Power Pool, min imum 

transaction quantities of 25 MW, a nd the bi lateral nature of transaction 

origination and clearing. 

In production s imu lation model i ng, which attempt to min imize the cost of p lant 

d ispatch, these impediments to trade a re typica l ly represented by price adders, 

charged in $/MWh of flow over specific  transmission i nterfaces, that i nh ibit 

power flow over transmission paths that cross BAA boundaries. Due to the 

comp lexity of the transmission system topology in the a rea where the i r  systems' 

connect, the ISO and NV Energy study team conservatively chose to use on ly a 

"wheel ing rate," based on existing point-to-point transmission tariff rates and 

ISO's projected whee l ing access cha rges, to represent the various types of 

i mpediments to trade.  Use of a whee l ing rate in the ISO NVE study is a 

conservative assumption, as it may a l low generators in the NVE BAU Case to be 

d ispatched i n  a more optimized, lower cost pattern than typica l ly occurs in 

actua l  practice across the boundaries of BAAs i n  the Western Interconnection. 

An El M would perform a security-constra ined, least-cost d ispatch across the 

ent ire El M footprint for each 5-minute settlement period, e l iminating the 

barriers l i sted above and a l lowing more efficient ( i .e . ,  lower cost) d ispatch. This 

effect is represented conservatively in this a na lysis by removing the wheel ing 

rate between the NV Energy and ISO BAAs i n  the NVE E lM Case. 
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The remova l of wheel ing rates in the ana lysis mi rrors proposed cha nges under 

the ElM .  The ISO has proposed to not charge wheel ing rates on E lM 

transactions for at least the first yea r  of El M operation beginn ing with the 

PacifiCorp participation .  The ISO intends to review pol icy associated with 

transmission used to support ElM transfers, fol lowing in it ia l  operation and 

resu lts of the E lM. If the ISO finds it appropriate to recover add it ional  fixed costs 

from E lM participants in future yea rs, the ISO would attem pt to imp lement 

those charges i n  a manner that mitigates any negative impacts on potentia l  

efficiency savings from the  El M .  Also, t he  other forms of transactional  friction 

described above would continue to be a l leviated by the El M regard less of fixed 

cost recovery modifications. 

While the E lM wil l  d ispatch generators on a 5-minute timestep, the study team 

used GridView s imu lation runs with an hourly t imestep to est imate the change 

in operating costs associated with NV Energy's participation in the El M .  This 

hou rly d ispatch approach was done i n  order to s impl ify the com putationa l  

process a nd reduce mode l  runtime, and beca use of the l im ited quantity of  sub

hou rly data ava i l able for the Western Interconnection. 

This assumption i ntroduces two potentia l ly offsetting model ing inaccuracies. On 

the one ha nd, since hourly operations would continue to be performed using 

today's operating practices, the use of an  hourly t imestep m ight overestimate 

the potentia l benefits of the ElM, because changes in d ispatch that are feasib le 

on an hourly t imestep  m ight not be feasible on a 5-minute timestep due to 

ram ping l imitations. On  the other hand, this method excludes El M savings due 
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to more efficient d ispatch of resources to serve net load requ irements inside 

the operating hour to meet potentia l intra-hour ramping shortages. 

Other stud ies have ind icated that the cost savings from sub-hourly d ispatch may 

be substantia l .  Those savings would be addit ional  to the benefits reported here . 

With the re lease of Order 764, which requ i res 15-minute schedul ing across BA 

boundaries, FERC has recognized that sub-hourly d ispatch ca n significantly 

reduce costs. An E lM would provide significant add it ional  cost savings over sub

hou rly b i lateral schedu l i ng by provid ing automated, optimized software for 

faci l itating cost-effective tra nsactions on a t ime sca le that may not be feasi ble 

through bi lateral trad ing a lone.  

BAs hold reserves to balance d iscrepancies between forecasted and actua l  load 

with in  the operating hour. These "flexibi l ity" reserves a re i n  add ition to the 

spinn ing and supp lementa l reserves carried against generation or transmission 

system contingencies.17 Flexib i l ity reserves genera l ly fa l l  i nto two categories: 

regulation reserves automatica l ly respond to control signals or changes in 

system frequency on a time sca le of a few cycles up to five m inutes, whi le load 
following reserves provide ramp ing capab i l ity to meet changes i n  net loads 

between a 5-minute and hourly t imescale.  

Higher penetration of wind and solar energy i ncreases the amount of both 

regu lation and  load fol lowing reserves needed to accommodate the uncertainty 

17 This study assumes that contingency reserves would be unaffected by an ElM, and that NV Energy would 

continue to participate in its existing regional reserve sharing agreement for contingency reserves. 
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and variab i l ity i nherent in these resources whi le ma inta i n ing acceptable 

balancing a rea control performance. By pool ing load and resource variabi lity 

across space and  time, tota l variab i l ity can be reduced, decreasing the amount 

of flexib i l ity reserves required to ensure re l ia ble operations. This red uces 

operating costs by req uiring fewer therma l  generators to be committed and 

operated at less efficient set points. 

For this ana lysis, the study team performed statistica l ca lcu lations to 

a pproximate the reduction in flex ib i l ity reserves that wou ld  occur if NV Energy 

joins the E lM .  The reserve q ua ntities are a function of the va riab i l ity and 

uncertainty of the within-hour net  load signa l .  These requ i rements decl ine when 

the calculations are performed for a l a rger geograph ic  area and a more d iverse 

portfol io of wind and solar resources. In keeping with the 5-minute operat ional  

ti mestep of a potentia l E lM, the study tea m assumed that the diversity benefit 

from an  El M resu lts in savings from reduced load fol lowing reserves, but not 

regu lation reserves. Contingency reserves were assumed not to change under 

the E lM operation .  

There are two imp l icit assumptions embedded i n  th i s  a pproach: ( 1} that i n  the  

NVE BAU Case, NV Energy and current E lM participants wou ld  ca rry the 

ca lcu lated leve ls of load fol lowing reserves, and (2) that the El M would include a 

mechanism to take advantage of i ncreased net load d iversity by red ucing the 

qua ntities of load fol lowing reserves that would need to be ca rried, and by 

a l lowing load fo l lowing reserves to be ca rried at the El M level rather than at the 

BAA leve l .  
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With regard to the first assum ption, whi le there is currently no defined 

requ irement for BAs to carry load fol lowing reserves, a l l  BAs must ca rry load 

fol lowing reserves in order to ma inta in  control performance sta ndards with in  

acceptable bounds, and reserve requ i rements wi l l  grow under  h igher renewa ble 

penetration scenarios. ISO a l ready has implemented a "flexi-ramp" constra int in 

its d ispatch p rocess to mainta in sufficient u pward flex ib i l ity i n  the system within 

the hour; this mechan ism incl udes payments to compensate these generators 

selected for the ram p  they provide.181SO is a lso in the process of i ntroducing a 

"flexi-ramp" product for this purpose, which could includ ing a process i n  ISO 

markets to most efficiently determine the generation that p rovides flexi-ramp .  

With regard to the second assumption, whi le the  specific design of  a the  flexi

ra m p  product has not been fina l ized, it is logica l to assume that the ISO's flexi

ram p  requ i rements (for the product or the flexi-ra mp constra int) wou ld  be 

calcu lated in such a way as to maximize d iversity benefits across the entire E lM 

footprint, with in the context of its 5-minute operationa l  t imestep .19 It should be 

noted that this product may not be i n  p lace by the t ime the E lM becomes 

operational, and ElM participants may requ i re a period of operational 

experience before the fu l l  benefits of flex ib i l ity reserve savings ca n be ach ieved.  

At a min imum, however, when the El M becomes operational ,  the flexible ramp 

constra int and settlement wi l l  exist. I n  add ition, the ISO wi l l  determine flexible 

ram p  constra int requ i rements for the ISO and each ElM Entity based on the 

18 
See ISO, Draft Proposal for Flexible Ramping Product: 

http :I I www .ca iso. comli nfo rm ediPagesiS ta kehol de rP rocessesiF lexi ble Ram pi ngP rod uct.a spx 

19 For more detail regarding the proposed approach for determining, procuring and allocating flexibility 

requirements under ElM, see Section 3.4.3 of ISO, Energy Imbalance Market Draft Final Proposal 

http:/ I www. ca iso .comiDocu m entsiE n ergyl mba Ia nee Market -DraftFi na I Pro posa 109 2313. pdf 
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aggregate load, wind, and  solar resou rce forecasts and expected variab i l ity. By 

esta b l ishing the requ i rements based on the aggregate profiles, the benefits of 

d iversity wi l l  be rea l ized with the i n it ia l  E lM imp lementation. Furthermore, the 

El M design wi l l  compensate resources for their contribution to meeting the 

flexibi lity constra int. As a resu lt, the El M does provide an  opportun ity both for 

resources to be compensated and a lso for load serving entities to efficiently 

meet their flexib i l ity req u irements with recognition of the load and resource 

d iversity benefits. 

The low range scenario for flexibi l ity reserve benefits captures a more 

conservative arrangement, by va l u ing the q uantity reduction in load fol lowing 

requirements at historica l  ISO a nci l lary service market prices. This low ra nge 

scenario would reflect a situation in which the flexi-ramp  product must in itia l ly 

be held within the ISO BAA and is not a l lowed to be selected on an  El M-wide  

basis. Whi le this sti l l  enab les t he  tota l  qua ntity o f  flex ib i l ity reserves across the 

ElM to be reduced, it l im its the ab i l ity of load serving entities to substitute more 

expensive sources of load fol lowing reserves inside the ISO BAA with purchase 

of flexib i l ity reserves from less expensive sources i n  other ElM participants' 

BAAs, even when it wou ld  be economic. 

E3's PacifiCorp-ISO E lM study ind icated that physica l or contractua l  transmission 

transfer ca pabi l ity l im its ca n constra in  ElM operations and l im it the result ing 

benefits. For this report, the study team assumed that, i n  a l l  cases ( includ ing the 
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BAU easeL the in it ia l  E lM between ISO and PacifiCorp wi l l  be operating with 400 

MW of tra nsfer capabi l ity between the ISO and  PacifiCorp West systems. 20 

NV Energy and ISO have significantly more transmission capacity d irectly 

connecting their two BAAs than PacifiCorp and ISO. NV Energy and ISO 

i nterconnections inc lude 230 kV l ines connecting the Desert View ( ISO/VEA) to 

Northwest ( NVE) substations, the Eldorado ( ISO) to Magnol ia ( NVE) substations, 

a nd the Eldorado ( ISO) to Nevada Solar One (NVE) substations, and a smal l  

n u m ber  of add it ional connections at lower voltages. In  addition, NV Energy a nd 

ISO each co-own transmission rights with the Western Area Power Authority 

(WAPA) to the Mead substation, and NV Energy and the Los Ange les 

Department of Water and Power ( LADWP) co-own 1500 MW of transmission 

rights over the 500 kV lines connecting the Crysta l and McCul lough 

substations, 21 and both a lso own rights i n  the 230 kV l ines that connect the 

McCu l lough su bstation to the !SO's Eldorado substation. Based on guida nce 

from NV Energy and the ISO staff on how they schedu le  power over these co

owned faci l ities, both entities ind icated that these faci l ities could be utilized on 

a dynamic, sub-hourly basis to faci l itate transactions under the ElM .  Also, NV 

Energy and ISO wou ld not be requ i red to pay wheel ing rates to LADWP or WAPA 

p rovided that sched u led flows over these co-owned faci l ities do not exceed the 

portion of transmission capab i l ity owned or control led by NV Energy and ISO. In  

aggregate, the Southern Nevada Transmission Interface, composed of numerous 

fac i l ities and contract rights was set at the WECC approved Accepted Path 

20 
This transfer capability level has not been defined and is part of an ongoing stakeholder discussion. The 400 

MW assumed for this study is the value used in the middle range scenario of the PacifiCorp-150 ElM analysis, 

which also modeled 100 MW and 800 MW transfer levels. 
21 

NV Energy owns a 522 MW share of these transmission facilities. 
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Rating of 4,465 MW and 3,948 MW for north to south and south to north 

ca pabi l it ies, respectively. In add ition, a l l  known therma l and path l im itations 

were enforced . 

This study conservatively assumed that i nterties between NV Energy and the 

PacifiCorp East system cannot be uti l ized for the ElM .  It is uncertain at th is t ime 

whether  existing contractua l  rights over these paths cou ld cu rrently be used 

dyna mica l ly under an  ElM. If uti l ized by the ElM, these paths may create 

add it ional  savings from d ispatch efficiency improvements that a re not captured 

in this ana lysis. Even without uti l ization of those paths, NV Energy's 

participation in the El M  could sti l l  provide i ncrementa l efficient d ispatch 

opportunities and flex ib i l ity d iversity through each participant's El M interaction 

over ties shared with ISO. 

The PacifiCorp-150 E lM study ind icated that cost savings from reduced flexib i l ity 

reserves a re sensitive to assumptions about the ava i lab i l ity of hyd ropower to 

provide flex ib i l ity reserves. To address this sensitivity, in the PacifiCorp-EIM 

study E3 modeled a ra nge of benefits by assuming that between 12% a nd 25% 

of the tota l nameplate capacity of hyd ropower generation is ava i la ble to 

provide flexib i l ity reserves. E lM benefits were h igher in the scenario where 

hyd ropower's ab i l ity to provide flexib i l ity reserves is restricted, because a higher 

proportion of reserves are being provided by thermal  resources that can be 

optimized us ing the El M d ispatch software. 

For NV Energy, hydropower makes up a smal ler portion of generation resou rces 

than for PacifiCorp, so the ava i lab i l ity of hyd ropower to provide reserves wou ld  
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l ike ly have a less sign ificant impact on the expected benefits i n  this ana lysis. For 

sim pl icity, this study models a l l  scenarios with the less restrictive 25% cap on 

reserves from hydropower resources, which is  consistent with the reserve 

flex ib i l ity provided by hyd ro un its in the ISO BAA during 2011 and 2012.
22 

The El M wi l l  d ispatch imbalance energy from generators that vol unta rily bid to 

increase or  reduce output. Beca use generator participation is voluntary, BAs 

would a lways have the option to cont inue to operate some or a l l  of their 

generators per exist ing practices ( i .e . ,  by not b idding them into the El M) .  NVE 

staff have ind icated the potentia l  that, at least in the early phases of E lM 

operation, certa in NV Energy generators may need to be he ld  out  of  the E lM if 

they are needed for local ram ping and peak load service during high load 

summer months (J une through September). 
23 

If some or a l l  NV Energy generators did not participate in the El M du ring certain 

months, NV Energy could sti l l  rea l ize a smal ler portion of ElM benefits by 

obta in ing access to flexible generation i n  the ISO BAA to serve NV Energy 

ra mping needs, and could sti l l  benefit from the E lM's reduced load fol lowing 

reserve req u irements. The study tea m addressed the possib i l ity that some NV 

Energy generators may not participate in the E lM during summer h igh load 

months by sca l i ng i nterregional  d ispatch benefits downward by one-th i rd, the 

22 ISO data indicates that the average flexibility offered by ISO hydro units as a percentage of nameplate capacity 

was 22% in 2011 and 29% for 2012. 
23 This assumption does not imply that resources are expected to be held out of the ElM for these months, but 

creates a low case scenario to book-end sub-optimal participation during a portion of the year. 
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fraction of months in which NV Energy generators might not be ava i lable to 

participate i n  the El M .  This low range scenario would a lso cover a situation i n  

which a subset of  NV Energy generators se lf-schedule their d ispatch and do not 

participate in the ElM for certain hours, even if not for a n  entire four-month 

span, red ucing the opportun ities for optimized d ispatch between BAAs to a leve l 

between the low and high ra nges. 

Whi le the orig ina l  ElM concept was l imited to a 5-minute dispatch, the ISO's 

proposed El M design a lso now leverages rea l-time commitment capab i l ity, as 

wel l  as  an  optimized d ispatch market on a 15-minute basis as wel l  as 5-minute 

d ispatch. 24 The unit commitment process that exists today and therefore the 

process that wou ld  exist under an  E lM is highly uncertain and variab le across 

the Western I nterconnection. NV Energy, for instance, has a m ix of slow-start 

and fast-start generating un its with a range of start-times. Faster start ing units, 

inc lud ing combustion turbines (CTs), can more easi ly make more efficient 

commitment decisions based on d ispatch signals from an  ElM, whereas long

sta rting units lack this flexib i l ity. U nits with medium-length start times of 5 to 6 

hours, however, ca n a lso benefit from El M market demand and price signals to 

create a more optimal  commitment pattern that is consistent with the rea l-t ime 

market. The ElM's rea l-time commitment capabi l ity wi l l  use a 5-hour  t ime 

horizon that cou ld  pre-sta rt certa in un its. NVE could a lso choose to se lf-

24 FERC Order 764 policy directs transmission operators to permit system users to submit schedules on a 15-
minute basis. The proposed ElM, however, would provide significant additional cost savings over sub-hourly 

bilateral scheduling by providing automated, optimized software for facilitating cost-effective transactions on a 

time scale that may not be feasible through bilateral trading alone. ISO has incorporated real-time unit 

commitment into the ElM functionality to provide further opportunities for improved efficiency. 
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schedu le its own generators in the day-ahead time period based on its 

expectation of E lM ma rket demands and prices. Convergence b idding in the ISO 

market can a lso he lp to l ink  market decisions in rea l-time and at day-ahead. 

G iven the uncerta i nty i n  the number and frequency that d ifferent types of 

generators wi l l  participate d i rectly or ind i rectly, the high scenario for 

interregiona l  d ispatch benefits assumes that i n  the E lM scena rios, market 

participants wi l l  a lter unit commitment decisions bids based on learning and 

a nticipation of the cond itions of  the 5-minute d ispatch with E lM, or  that ISO's 

rea l-t ime un it commitment capabi l ity will be a ble to faci l itate more efficient un it 

commitment decisions. A fu l l  joint un it commitment between the BAs would 

a lso lead to th is  outcome. To the extent that more efficient un it commitment 

decisions by long- and med ium-start generation un its in response to the El M is 

more l im ited, i nterregional  d ispatch benefits could be lower than those 

estimated i n  the high scenario. 

The low scena rio, which red uces i nterregiona l  d ispatch benefits by one-th ird 

compared to high case scena rio, resu lts i n  a lower savings level that can account 

for more l im ited un it commitment efficiency improvements through learning by 

long-sta rt generators in the BAAs of E lM participants. The low scenario does 

a lso sti l l  inc lude d ispatch efficiency improvements on fast-start ing un its as wel l  

as long-start un its that are a l ready committed and can vary their  real-time 

d ispatch level with in  an on l ine operating ra nge in response to the El M .  

Also, for calcu lating d ispatch benefits, the GridView model commits generation 

using perfect foresight of the identica l  hourly net load requ i rements that wi l l  

occur i n  rea l-time for both the BAU and E lM cases. By contrast, i n  actua l  
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operations, the expected load requirements cha nge between the day-a head 

un it commitment and rea l-time, and generators d ispatch levels m ust adj ust to 

respond to these changes. The ElM can provide va lue through improving the 

efficiency of how generators i n  the ElM footprint respond to these rea l-time 

changes in need. In the s imu lation, however, this va lue may not be fu l ly 

captured in the d ispatch benefits of the low or h igh case scenarios due to the 

absence of change i n  anticipated load levels and other supp ly variab i l ity du ring 

the unit commitment versus rea l-time d ispatch period . Add itiona l ly, the 

quantified d ispatch savings i n  both high and low scena rios excludes a l l potential 

El M savings i nside the operating hour to meet potentia l  intra-hour ramping 

shortages and sub-hourly changes i n  anticipated net load req uirements, which 

may be a substantial  add it ional source of i nterregional  d ispatch efficiency 

improvement. 

In  the GridView resu lts, a portion of the generation changes that produce the 

savings reported here occur in other WECC regions, such as LADWP, WAPA, and 

APS i n  the desert southwest. 

This assum ption is  balanced by offsetting l im itations in GridView. G ridView 

determines d ispatch and power flows based on transm ission system 

impedances, which creates two types of model l ing deficiencies. F irst, the 

model tends to under-predict that actua l  flow that would be created between 

the d i rect E lM participants. In actua l operations, these flows are pa rtia l ly 

d ictated through contract path, which would a l low for more transactions that 
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prod uce savings to be concentrated with in  participating jurisd ictions than can 

be s imu lated i n  G ridView. 

Second, a portion of the generation changes that produce the d ispatch savings 

reported here occur in other WECC regions, such as LADWP and  WAPA and  APS 

i n  the desert southwest. I n  practice, NV Energy participation i n  the E lM may 

bring ind irect benefits to certa in  entities as they respond to greater efficiencies 

in regiona l  d ispatch; such efficiency improvements outside of the E lM footprint 

are expected to result i n  savings for E lM participants through lower cost 

purchases. We have assumed that the impact of these modeling l im itations is 

wel l  with in the range of the high and low scenario savings levels modeled. 

NV Energy's participation in the El M would reduce transactiona l  friction 

between NV Energy and current E lM participants, enab l ing improved dispatch 

efficiency and reducing the cost to serve load for NV Energy and  the current E lM 

participants. The study team estimated these i nterregional  d ispatch savings by 

runn ing para l lel production cost s imulations us ing GridView: one with NV 

Energy participation i n  the El M (NVE El M Dispatch Case) and one without NV 

Energy participation (NVE BAU Case) .  

The NVE BAU Case s imu lates status quo operat ional  arra ngements, and inc ludes 

wheel ing rates based on point-to-point transmission ta riffs to conservatively 

represent barriers to trade across BAA boundaries . The NVE E lM Dispatch Case 

© 2014 Energy and Environmental Economics, I nc .  P a g e  1 32 1  



NV Energy-150 Energy Imbalance Market Economic Assessment 

e l im inates the wheel ing rates charged on power flows between NV Energy and  

ISO, resu lting i n  more efficient d ispatch and lower production costs. I n  

e l iminating the  whee l ing rates, the  study team impl icitly assumed that no  

variab le transmission costs a re i ncurred for E lM transactions. An additiona l  

cha rge was a lso a ppl ied to  imports to  Ca l ifornia BAAs ( ISO, LADWP, Ba lancing 

Area of Northern Cal ifornia, and I m peria l  I rrigation District) to s imulate the need 

for market partici pants to acquire C02 a l lowances when del ivering "unspecified" 

electric energy i nto Ca l ifornia .  These COrre lated charges were kept in p lace for 

both the NVE BAU a nd the NVE E lM Dispatch Cases. I nterregiona l  dispatch 

benefits from NV Energy pa rticipation i n  the E lM are measured as the d ifference 

in production costs between the NVE BAU and NVE E lM Dispatch Cases. The 

production cost difference used to ca lcu late dispatch benefits for this report 

does not include any whee l ing costs red uctions from the s imu lation case results, 

on ly generator cost savings. 

The i nterregional  d ispatch benefits resu lts i nclude h igh and low ra nge scenarios. 

The high ra nge inc ludes the fu l l  d ifference i n  production costs between the NVE 

BAU and NVE El M Dispatch Cases. The low ra nge reflects the potentia l  that a l l 

NV Energy generators may not be ava i lable for d ispatch under the E lM duri ng 

h igh load summer months. As described above, the study team accounted for 

this possib i l ity by sca l ing the fu l l  i nterregional  dispatch efficiency benefits 

downward by one-th ird (4 months of non-ava i lab i l ity d ivided by 12 months i n  

the  year). 
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Currently, NV Energy meets its flex ib i l ity reserve req uirements by procuring and 

uti l iz ing existing generating capacity with in its BAA. An expanded E lM wou ld 

lower the tota l  cost of procuring and uti l i z ing flexib i lity reserves for both NV 

Energy and cu rrent E lM partic ipants in two ways: (1)  red ucing flexibi lity reserve 

quantities by com bin ing NV Energy's, and the current E lM participants' forecast 

error for load and varia ble generation; and  (2)  enab l ing flex ib i l ity reserves to be 

procured from therma l  or hydropower resources anywhere in the expanded 

El M footprint, subject to transm ission constra ints. The resu lt is that the 

combined cost of procuring flexib i l ity reserves with an expanded ElM is less than 

it would be if NV Energy and current E lM participants procured them 

independently. 

The study team used three steps to estimate incremental  cost savings from 

reduced flex ib i l ity reserves that resu lt from NVE join ing the E lM: 

1. Estimate the NV and 

current ElM as entities. I n  this first step, flexi bi l ity 

reserve requirements were ca lcu lated for NV Energy, as a separate BAA, and for 

the PacifiCorp-150 E lM ( NVE BAU Case) . Flexi b i l ity reserves requ i rements for NV 

Energy were based on NVE's 2013 I RP Ana lysis, which projected the need for 41 

MW of load fo l lowing reserves i n  2017 a nd 91  MW in  2022.
25 Flexibi l ity reserve 

req uirements for ISO were based on its u pdated projection of upward flex ib i l ity 

needs for each period, and adjusted downward to reflect reductions in flex ib i lity 

25 NV Energy is also assumed to require 35 MW of regulation reserves in all hours based on NV Energy IRP 

projections. 

© 2014 Energy and Environmental Economics, I nc. P a g e  1 34 1  



NV Energy-ISO Energy Imbala nce Market Economic Assessment 

reserve req uirements enabled by the PacifiCorp-ISO E l M, subject to a 400 MW 

transmission constra int between PacifiCorp and ISO. 
26 

2. Estimate the reserves the 

<:::"'"''-''''-'�'"' ElM. I n  the second step, the study team calcu lated flex ib i l ity reserve 

requ i rements for the com bined E lM footprint (NVE E lM F lexib i l ity Reserve 

Case ) .
27 The red uction in the tota l requ i red flexib i l ity reserves is  the difference 

between the flex ib i l ity reserve requ i rements in the NVE BAU Case and NVE El M 

Flex ib i l ity Reserve Case. The reserve requirements for the current and the 

expanded E l M a re calculated as the geometric sum of the reserve req u irement 

i n  i nd iv idua l  bala ncing a rea of each participant. 
28 

Table 7 shows the study team's estimates of the combined min imum reserve 

requ irements for NV Energy and the current ElM participants, with and without 

NVE's participation in the El M .  I n  the NVE BAU Case, NV Energy must hold 76 

MW of flex ib i l ity reserves (35 MW regulation p lus 41 MW load fol lowing) in 

2017 and 126 MW in  2022; the PacifiCorp-ISO El M must hold 1,968 MW (551 

MW regulation and 1,415 MW load fo l lowing) in 2017 and 2,545 MW (685 MW 

regulation and 1,859 MW load fol lowing) in 2022. 

26 
ISO staff provided 2017 and 2022 hourly regulation and load following requirements for California based on 

recent internal analysis; For PacifiCorp, the model used the load following reserve requirement levels developed 

for the PacifiCorp-ISO ElM analysis at the 400 MW transfer capability level. 
27 These results, when scaled back from 2017, are similar in size to the levels of reserves procured in each 

jurisdiction today for regulation and load following. 
28 This approximation of the impact of diversity on reserve requirements assumes minimal covariance between 

neighboring balancing areas; separate analysis has concluded that the covariance is very small relative to the 

variance when calculated across a larger geographic area, and on narrow times scale, such as the 5-minute to one 

hour time frame. 
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Tab l e  7. Esti mated total m i n i m u m  reserve u nder the NVE BAU Case 

and NVE E l M  Reserve Case i n  2017 a n d  2022 

As the table indicates, NV Energy's participation in the El M reduces the 

min imum req uired reserve hold ings by 41 MW in 2017 and 89 MW in 2022. The 

size of the load fo l lowing reduction i n  2022 is more than twice as large as  in 

2017 because NV Energy anticipates that it wi l l  have a larger standalone load 

fol lowing requ i rement after add it ional  renewables come onl ine by 2022 .  

reserves and able to procure them a more diverse 

mix resources. I n  the th ird step, the study team app lied the estimated 

flexibi l ity reserve req uirements to production cost s imulation runs for each 

case, using GridView. In the NVE BAU Case and NVE El M Dispatch Cases, NV 

Energy m ust procure both regulation and load fol lowing reserves from ca pacity 

located in its own BAA to meet estimated reserve requ i rements, and NV Energy 

generation is ine l ig ib le to serve load fol lowing req uirements of the current E lM 

participants. I n  the NVE E lM Flexi b i l ity Reserve Case, NV Energy and the cu rrent 

ElM participants' generation is e l igible to meet a combined load fol lowing 

reserve req u irement for the ElM footprint, subject to transmission constra ints. 30 

29 Totals include the sum of regulation and load following requirements. 

30 The amount of transfer capability between ISO and NV Energy is quite high, and did not appear to be a binding 

constraint to efficient procurement of flexibility reserves between ISO and NV Energy ElM Reserve scenario, but 

the 400 MW PacifiCorp-ISO transfer capability constraint was binding on flexibility reserve procurement. 
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Each BA m ust sti l l  meet its own regulation reserve req u irement with generation 

located with in  its BAA, consistent with the ElM's 5-minute d ispatch. 

The d ifference i n  p rod uction costs between the NVE El M Dispatch Case and NV 

ElM Flexib i l ity Reserve Case represents the annua l  benefit of reduced flexib i l ity 

reserves, over  and above dispatch benefits. 

To account for uncertainty in El M participants' ab i l ity to procure flex ib i l ity 

reserves from across the E lM footprint, the study tea m prod uced a high ra nge 

and a low range benefits scena rios. The high ra nge scena rio i ncludes the fu l l  

estimated benefits described above. For  the low range scena rio, the study team 

va lued the reduction i n  load fol lowing reserve quantities in Table 3 at !SO's 

h istorica l market prices for anc i l lary services, rather than using the d ifference i n  

production costs estimated from GridView. Aga in, this low ra nge scenario i s  

conservative in that i t  does not inc lude addit ional savings from being ab le to 

procure flexib i l ity reserves from across the expanded El M .  

High penetrations of  variable generation increase the  l i ke l i hood of  over

generation conditions. In these situations, curta i lment of variable generation 

may be necessary s ince the system is not flex ib le enough to reduce the output 

from other  resources within the same BAA. Based on d iscussions with ISO, over

generation cond itions and  the curta i lment of renewable generation a re l i kely to 

be a long-term issue as addit ional  wind and so lar resources come onl ine .  

As a standa lone BA, the ISO schedu les imports on an hour-a head basis and may 

find it difficu lt to back down imports on shorter timesca les if local renewa ble 
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generation is higher or if load is lower than expected. NV Energy participation i n  

the  E lM could potent ia l ly avoid over-generation situations since i t  could enable 

ISO to reduce imports from NV Energy in rea l-time, rather than having to curta i l  

renewables during min imum generation or ram p-constra ined i nterva ls .  

The study team ca lcu lated the tota l  benefits of reduced energy curtai lment in 

the ISO BAA by mu ltip lying estimates of: (1)  the annua l  a mount of renewable 

energy curta i led when s imu lating ISO operations as a standa lone entity without 

a n  E lM, and (2)  the va lue of curta i led renewa ble energy ( in  $/MWh) .  The resu lt 

represents the cost of renewable energy curta i lment that an  El M cou ld  help to 

avoid, assuming that generation in the other  E lM partic ipant BAs is ava i la ble to 

back down during these situations. To estimate the incremental  curta i lment 

savi ngs from NV Energy participation i n  the expanded E lM ( i.e ., as compared to 

the in it ia l  PacifiCorp-ISO E lM),  the study team assumed that PacifiCorp's 

participation in the E lM ( i n  the NV BAU Case) has a l ready red uced 50% of tota l  

renewable curta i lment, lowering the remain ing q uantity of  renewa ble energy 

curta i lment that could be reduced through NV Energy E lM participation by 50%. 

The PacifiCorp-ISO El M Study assumed a ra nge of 10% to 100% of the modeled 

curta i lment in the ISO BAA could be addressed by the in it ia l  El M .  If a very high 

percentage of curta i lment is  red uced by the PacifiCorp-ISO ElM (near 100%), 

then on ly a smal l  amount of remain ing curtai lment could be reduced through 

NV Energy's incrementa l participation i n  the E lM .  More genera l ly, the 

add it ional  participation of NV Energy i n  the ElM is expected to resu lt i n  tota l 

avoided renewa ble curta i lment by the E lM at a level closer to the at a higher 

end of the 10% to 100% range modeled, as  NV Energy brings add itiona l  therma l  

generation that cou ld decrease output i f  needed, and NVE adds  an  E lM 
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connection to the southeastern end of the ISO system, reducing the l ikel ihood 

that i nternal  congestion on the ISO system impedes the E l M's ab i l ity to fu l ly 

reduce curta i lment.  

To estimate the level of renewa ble energy curta i lment in the ISO BAA, the study 

team developed a methodology that uses outputs from two seq uential  GridView 

model runs. In the first run, representing un it commitment based on forecasted 

needs, p rojected solar, wind, and load profiles were used to estimate economic 

imports i nto ISO. In the second run, representing rea l-time d ispatch, actua l  

so lar, wind,  a nd load profiles were used a long with min imum import l imits set 

to the level of economic imports from the first s imulation. This l imit prevented 

the mode l  from lowering the i nterchange below the leve l determined by the 

un it comm itment process. This reduction i n  system flexibi l ity resulted in 

a pproximately 120 GWh of renewa ble energy curtai led by the ISO i n  2022. By 

assuming that the in it ia l  E lM with PacifiCorp relieves 50% of th is curta i lment, 

the remain ing curta i lment that cou ld be addressed by NV Energy participation i n  

t h e  El M i s  6 0  GWh.31 

This est imate of the level of renewa ble energy curta i led by the ISO ( i .e. ,  120 

GWh) is l i ke ly conservative. Production s imu lation models are designed to 

uti l ize normative assum ptions rega rding load, hyd ropower conditions, therma l  

3 1  For N V  Energy's participation in the ElM to alleviate renewable energy curtailment i n  the ISO BAA, N V  Energy 

would need sufficient generation capability online to ramp down and reduce exports to (or, equivalently, to 

increase imports from) ISO, based on the quantity of energy that would otherwise need to be curtailed. An 

examination of dispatch in the NVE ElM cases indicates that NV Energy generators would typically have sufficient 

operating room to ramp down by the curtailment quantities, and that this constraint would have negligible 

impact on the potential ElM savings. Ninety-seven percent of the total modeled curtailment quantity would be 

unaffected by NV Energy generator headroom constraints in 2017, and 99% of total curtailment would be 

unaffected by NV generator headroom constraints in 2022, without requiring NV Energy to decommit thermal 

units. 
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resource outages, and other varia b les i n  order to prod uce reasonab le, mid

ra nge est imates of resource d ispatch and preva i l ing power flows. However, 

renewa ble curta i lment occurs during extreme events such as very h igh output 

of wind, solar, and hydropower resources combined with very low load 

conditions. These cond itions are not wel l-represented i n  production s imu lation 

model ing inputs. Hence, renewable curta i lment is l ikely to be understated in 

production s imulation model  outputs. 

The study team ca lculated avoided curta i lment savings based on a $66/MWh 

va lue of avoided renewable energy curta i lment, as the sum of: (1)  a RPS 

compl iance va l ue of $35/MWh based on market prices for bund led renewable 

energy certificates (REC) from in-state production;3
2 

(2) an  average Federa l  

production tax credit ( PTC) va lue of $11/MWh; 33 and ( 3 )  an estimated 

$20/MWh avoided production cost of a thermal un it located in the NV Energy 

BA that a n  El M enab les to dispatch down to reduce imports to (or increase 

exports from) ISO. This un it is assumed to be com pensated for the decrementa l 

("dec") b id .  

The RPS compl iance va lue is based on the cost of renewable energy to satisfy 

Ca l ifornia's RPS targets. I n  the short term, the RPS compl iance va lue for avoided 

in-state curta i lment may be lower than $35/MWh for Ca l ifornia uti l ities that 

have a long renewable energy position in the lead up to the 2020 RPS 

32 Data from Platts McGraw Hill Financial indicates that bid offer range for bundled ( Bucket 1) RECs in 2012 was 

$35 to $40/MWh (http://www.platts.com/news-feature/2012/rec/chart). 

33 The $11/MWh average PTC used here is based on the 2013 Federal PTC rate for wind generation of $23/MWh 

(http:/ /dsireusa.org/incentives/incentive.cfm?lncentive_Code=US13F), applied to the portion of modeled 

renewable curtailment occurring during night-time hours when wind energy is curtailed, which represented 47% 

of total simulated curtailment. 
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compl iance date, if the uti l ity does not need to replace the curta i led renewable 

energy to satisfy its RPS ta rget or is  a ble to purchase significantly less costly 

unbund led RECs to meet its nea r-term ta rget. This ana lysis, however, is focused 

primari ly on benefits over the longer term ( i .e . ,  extending beyond 2022), where 

short-term fluctuations i n  RPS compl iance values are expected to be averaged 

out by the imp lementation of new, h igher RPS ta rgets or by higher energy 

( MWh) procurement req uirements that result from load growth .  With 

cont inued growth i n  renewa ble procurement amounts, red uctions to expected 

curtai lment will red uce the amount of add it ional  renewa ble energy 

procurement needed to reach a given RPS ta rget amount. Thus, reduced 

renewable energy curta i lment wou ld  be avoid ing the cost of procuring 

add it ional  renewable generat ion.  

The study team used the $66/MWh avoided curta i lment va l ue with the 

s imu lated renewable curta i lment quantity resu lts to develop low and high ra nge 

scenario benefits for reduced renewable energy curta i lment in 2017. In the low 

ra nge scenario, the study team assumed that red uced curtai lment is 10% of the 

total potential, or 6 GWh. In  the high range scena rio, the study tea m assumed 

that reduced curta i lment is 100% of the tota l potentia l, or 60 GWh. This ra nge 

of curta i lment estimates was then mu lt ip l ied by the va lue of avoided renewable 

energy curta i lment to ca lculate low and h igh range estimates of $0.4 mi l l ion (= 6 

GWh * $66/MWh) to $4.0 m i l l ion (= 60 GWh * $66/MWh), respectively, in 

benefits for reduced renewa ble energy curta i lment in 2022. For s impl icity and 

transparency, the study team assumed the benefits of reduced renewable 

energy curta i lment were $0.4-$4.0 mi l l ion for both 2017 and 2022. 
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The result ing low a nd high scenarios for avoided renewa ble curtai lment benefits 

cover a wide range of potentia l  RPS compl ia nce values. In the short term, if we 

assume a very conservative avoided curta i lment va lue that excludes any REC 

va lue and includes on ly the $11/MWh PTC va l ue and $20/MWh va lue of the 

avoided energy production cost on out of state generation that a re paid to 

decrement its d ispatch, the resu lt ing avoided energy curta i lment va lue 

($31/MWh) would represent 47% of the $66/MWh high case va lue. The 

resu lting tota l  benefit from avoided curta i lment, however, wou ld  be wel l  a bove 

the low sensitivity used for this report, which assumes that on ly 10% of the h igh 

case avoided renewable curta i lment benefits a re obta ined.34 

The projected renewable bu i ld-out i n  the ISO BAA is anticipated to continue 

over the 2017 to 2022 time period, so it is reasonable to expect that avoided 

curtai lment savings in 2017 would fa l l  toward the lower end of the above ra nge, 

a nd savings in 2022 wou ld  be on the higher end .  Moreover, if state RPS ta rgets 

a re raised to higher levels after 2020, result ing renewa ble curta i lment levels 

cou ld be sign ificantly higher than those modeled here. 35 Thus, the range of E lM 

benefits from avoided curta i lment included i n  this ana lysis would be  a highly 

conservative savings estimate for later yea rs if a higher RPS target is pursued . 

34 The combined sensitivity of a very low level of curtailment and a very low value per MWh of avoided 

curtailment could produce resulting benefits below this range, but the 10% low case represents a combination of 

reasonable low sensitivities on both cases (e.g., 47% of high case curtailment value and 21% of the high case 

curtailment quantity). 

35 In a recent study jointly sponsored by California's five largest electric utilities, E3 evaluated the operational 

challenges, RPS in California by 2030. The studies cases, created using E3's Renewable Energy Flexibility (REFLEX) 

model on ECCO International's ProMaxLT production simulation platform, identified overgeneration and potential 

need for curtailment in California of 2,000 GWh under a 40% RPS for 2030, and 12,000 GWh under a 50% RPS 

with significant solar for 2030. The study identified enhanced regional coordination between California and 

neighboring jurisdictions as a potential solution to help this issue. See E3, "Investigating a Higher Renewables 

Portfolio Standard in California", January 2014, 

(http:/ /www.ethree.com/documents/E3_Finai_RPS_Report_2014_01_06_with_appendices.pdf), p. 15. 
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The study team estimated benefits from NV Energy's participation in the E lM 

based on two study years: 2017 and 2022.  The study team chose 2017 to 

represent a period after the E lM is operationa l, but prior to significant changes 

in load, generation, and transmission. I n  part icu lar, the model ing of the 2017 

study year  excludes: (1 )  a portion of the fu l l  bu i ld out of renewable resources 

necessa ry to meet Ca l ifornia's 33% RPS; (2) the fu l l  expected retirements and 

replacements of ISO therma l  generating capacity due to once-through cool ing 

(OTC) regu lations; and (3)  a number of p lanned and proposed transmission 

projects, such as Gateway West. The 2017 scenario does reflect retirement of 

the San O nofre Nuclear Generation Station (SONGS) in 2013, as wel l  as  the 

subset of OTC generators that a re schedu led for retirement before 2017. 

By comparison, the 2022 study yea r  represents a medium-range p lann ing case, 

and includes the fu l l  bui ld out of renewable resources to meet a 33% RPS ta rget 

in Ca l ifornia and a number of proposed conventional  generation and 

transmission projects i n  the West, as wel l  as a projection of h igher  C02 permit 

prices i n  Ca l ifornia and somewhat higher gas prices through the WECC. Whi le 

not modeled for th is ana lysis, a number of studies have ind icated that longer

term developments post-2022, such as the possibi l ity for higher RPS ta rget 

leve ls, wou ld  be expected to i ncrease the potential need of, and resu lt ing 

savings from, regional  coord ination efforts such as an  E lM .  

The study team used scenario assumptions to  ind icate how sensitive benefits 

are to: (1 )  the ava i lab i l ity of NV Energy generators to participate in the E lM for 

the fu l l  yea r i nc lud ing summer months; (2)  l im its on the ab i l ity to procure the 
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least-cost flex ib i l ity reserves from across the expanded E lM; and ( 3) the extent 

of renewable energy curta i lment va lue that can be avoided through an El M .  

These scenarios are designed to  reflect t he  l im itations of existing tools to 

characterize a l l  of the changes to system o perations that wou ld  occu r under an  

El M, particula rly t he  mode l ing of  reserves and renewa ble curta i lment. I n  

add ition, the two t ime periods for t he  scenarios ca pture a range of  uncerta inties 

a bout the extent to which future ind ustry developments wou ld  a l low cost 

savings to occur both with and without an ElM .  Table 8 provides a synopsis of 

key assumptions under the low and  high range scenarios. 

Table 8.  low and range for 2017 and 2022 cases 
f;,_ "" - # 

' ' ' 

�m,mion 
' -

-

_ -tow: ra:qga , - , - ' 
ligl:'l range 

, 

Cac luat ion of 

S h a re of ident if ied 

ren ewa b l e  e ne rgy 

c u rt a i l ment va l u e  

avoided i n  C a l iforn i a  

Unava i l a b l e  

a n n u a l  s i m u lat ion 

benefits sca led d ownward 

bench m a rk of average ISO 

h istorical  

m arket 

10% 
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i n  

Figure 2 a n d  Tab le 9 show the low a n d  h igh range o f  benefits from NV Energy's 

participation i n  the E lM i n  2017 and 2022, and the benefits attributed to each 

category. Tota l a n n ua l  benefits to al l  participants i n  2017 range from $9.2 to 

$18.2 mi l l ion; tota l  annua l  benefits for 2022 ra nge from $15.0 to $29.4 mi l l ion 

(2013$).  

2. 

from N V  

$35 

$30 

$25 ' 

$10 

$5 

range incre mental gross benefits to a l l  

i n  E l M  ' "'"'"'-·'·"' 

Renewa ble curtailment 

lll!l l nterregional dispatch 

2022 Case 

Note: Figure represents total incremental benefits to all ElM participants as a result of NV 

Energy's participation in the ElM 
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range a n n ual benefits to a l l  for 2017 a n d  

Note: Individual estimates may not sum t o  total benefits due t o  rounding. 

The low ra nge in Table 9 assumes: (a )  NV Energy generators are not ava i lab le for 

E lM participation for four  summer months of the yea r; (b)  flexib i l ity reserve 

benefits resu lt on ly from the reduced quantity of flexib i l ity reserves needed, 

and do not include red uced costs from procuring reserves across the expanded 

E lM footpr int; and (c)  the va lue of renewable energy curta i lment is 10% of the 

fu l l  est imated va lue. The high range assumes: (a)  NV Energy generators are 

ava i lab le for fu l l  E lM participation throughout the entire yea r; (b)  flexibi lity 

reserves can be procured in the lowest cost manner from across the expanded 

ElM footprint, subject to transmission transfer constra ints; and (c) the va lue of 

renewa ble energy curta i lment is 100% of the fu l l  estimated va lue.  

D ifferences i n  ind ividua l  benefit categories provide important i nsights i nto the 

impact of scenario assumptions on the resu lts. 

Interregional d ispatch savings range from $6 mi l l ion to $9 mi l l ion in 

2017 and from $9 to $13 mi l l ion in 2022. Yea r-round participation of NV 

Energy generators ( i .e., as in the high range scenario) raises the benefit 

level in e ither yea r. However the largest sensitivity is the yea r modeled, 

with the resource m ix and fuel costs assumptions used here for 2022 

creating greater opportun ities for d ispatch efficiency gains compared to 
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2017. These savings leve ls a re modest relative to tota l  production 

costs; they represent a production cost red uction of between $0.03 and 

$0.05 per  MWh of load i n  the NV Energy and ISO BAAs for 2017 and 

$0.05 to $0.09 per MWh of load in 2022. 36 

+ Annua l  cost savings from red uced flexib i lity reserves range from $3  to 

$5 mi l l ion in 2017, and from $6 to $12 mi l l ion in 2022. The low to high 

ranges i n  both time periods a re d istinguished by whether NV Energy 

participation in E lM would solely create cost savi ngs by red ucing 

quantity of flex ib i l ity reserves required, or whether NV Energy's 

participation can a lso enable  cost reductions from opt ima l  selection of 

the most efficient sources of reserves from across the E lM footprint. 

The large d ifference i n  resu lts suggests that creating a mecha nism to 

a l low optimal selection of flex ib i l ity reserves from across an  expanded 

El M is a very important benefit that should yield significant cost savings. 

+ Cost savings from reduced renewa ble curta i lment are very uncerta in .  

The  resu lts here suggest that, even under conservative assumptions, 

these savings ca n be a n  important com ponent of E lM benefits. Beca use 

an  El M would provide a n  a utomated mechan ism for fac i l itating 

renewable resource curta i lment solutions, as well as dearing any 

payment required in the event of curta i lment, this is l ikely to be an 

important a nd growing E lM benefit going forward . 

The results shown in Table 9 show that, even under conservative assum ptions, 

the i ncremental benefits of NV Energy's participation in the ElM would be 

greater than the expected costs, described in Section 2 .1 .2 .  The resu lts a lso 

36 Calculations based on a total forecasted ISO and NV Energy BAA load of 267 TWh in 2017 and 284 TWh in 2022. 

If assuming that the ElM will affects energy transactions equal to 10% of BAA loads, these dispatch savings levels 

would represent cost reductions of $0.34 to $0.53/MWh of affected transactions in 2017 and $0.46 to 

$0.88/MWh in 2022. 
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ind icate that the benefits of an E lM for the Western I nterconnection region are 

l i kely to grow as add it ional participants a re added.  

The study team assumed that the benefits of an  expanded E lM would be 

attributed between NV Energy and  current E lM participants as  fol lows: 

+ Savings were sp l it even ly between NV 

Energy and current El M partic ipants to reflect: (1) the red uced cost to 

serve current ElM participants' load, since expensive interna l  generation 

is d isplaced by low-cost imports from NV Energy; and (2) add it ional 

revenues for NV Energy, since it exports add it ional  power to current 

E lM participa nts when it joins the El M .  Assuming NV Energy and the 

i n it ia l  ElM are the on ly two entities i n  the Western I nterconnection that 

change dispatch under the E lM, an  even sp l it makes the savings 

proportional  to the absolute va l ue of changes in generator dispatch, as 

any i nterva l in which NV Energy generation i ncreases under the E lM wi l l  

have an  equa l  and opposite red uction in d ispatch for the in it ia l  El M 

partic ipants. 

Reduced reserves. Flexib i l ity reserve benefits were attributed 

based on two separate factors. Fi rst, the tota l p roduction cost savings 

were a l located between NV Energy and the current El M participants in 

p roportion to their sta ndalone load fol lowing requ i rements, based on 

the assum ption that fina l  load fol lowing responsibi l ities with in  the El M 

would be ult imately a l located based on what each partic ipant would 

have had to procure as a standalone entity. This resu lts i n  a roughly 3% 

and 4% share of benefits attributed to NV Energy and a 97% and 96% 
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share attributed to the current E lM participants in 2017 and 2022, 

respectively. The higher share attributed to NV Energy in 2022 is due to 

its proportiona l ly larger increase in load fo l lowing requ i rements 

between 2017 and 2022. 

Add itiona l ly, the study team a l so expects some of the NV Energy's 

generation to partici pate d i rectly in the ISO flexi-ramp  market when NV 

Energy becomes an E lM participant. Revenues related to NV Energy 

generation offering services i n  the anticipated flexi-ramp product 

market, or contributing toward the !SO's flexi-ram p  d ispatch constra int, 

were modeled as a transfer of a portion of flexi-ramp  market revenue 

from ISO, whose generators a re currently receiving 100% of the revenue 

re lated to the flexi-ramp  constra int, to NV Energy generators . 

This transfer was estimated as the prod uct of: (a )  !SO's current total 

flexi-ramp  constra int payments in the previous year mu lti pl ied by (b) NV 

Energy generators' share of tota l capacity of gas and hydro generation 

in the combined El M .  Total  payments to generators re lated to ISO's 

flexi-ram p  constra int over the most recent 12-month period, from 

November 2012 to October 2013, were $23.2 m i l l ion for the enti re 12 

months, with an average hourly quantity of 433 MW (a $6.1/MWh 

average cost), and $18.0 m il l ion if exc lud ing the summer months of June 

through September. NV Energy gas-fired and hydropower generation 

capacity represents 15% of the tota l  gas a nd hyd ropower capacity i n  the 

expa nded El M footprint.37 This translates to a ra nge of $2.7 mi l l ion 

{exclud ing summer months) for the low case to $3.5 m il lion for the 

entire year for the high case . This a mount wou ld  represent a transfer 

from the ISO BA to the NV Energy BA entities, wh ich is inc luded as a 

37 This calculation limited PacifiCorp contribution to total ElM gas and hydro capacity to 400 MW to reflect 

transmission constraints on connection between PacifiCorp and ISO system. 
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positive va lue i n  the attribution of benefits to the NV Energy BA and a 

negative va l ue i n  attribution of benefits to current El M participa nts. 

+ Reduced renewa ble energy c1.nta i l ment.  The bu lk  of benefits of 

reduced curta i lment (re lated to avoided loss of RPS com pl ia nce va lue of 

$35/MWh and PTC va lue of $11/MWh) were attributed to ISO, beca use 

a l l  of the expected reduced curta i lment, over the time period 

considered, wou ld  take p lace with in  the ISO footprint. NV Energy is 

attributed a portion (20/66ths, or  30%) of the savings re lated to 

$20/MWh avoided costs of therma l  generation on the units located i n  

NV Energy BAA that decrease output that i s  replaced by  the  renewable 

energy exported from ISO (or reduction to exports from NV Energy to 

ISO) .  

The attribution of expanded El M benefits described above is summarized in 

Ta b les 10 and  11 .  NV Energy achieves annua l  cost savings of $6-10 mi l l ion in 

2017 and $8-12 mi l l ion i n  2022. Annual  cost savings to current El M participants 

a re $3-9 m i l l ion by 2017 and $7-17 mi l l ion by 2022. 

Table 10. Attribution of 

Note: Attributed values may not match totals due to independent rounding. 

ElM benefits to current ElM 
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Note: Attributed values may not match totals due to independent rounding. 

The approach described above s imply attributes tota l  cost savi ngs between NV 

Energy and current ElM participants and does not attempt to account for 

cha nges in market revenues relative to today's bi lateral system .  It is not 

i ntended to be a methodology for a l locating costs a nd benefits. The actua l  net 

costs and benefits that would flow to the NV Energy system and those of the 

current ElM participants may be d ifferent from the assumptions used here. 
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I rpreti ng th  Re u lts 

1 re 

Because of the d ifficulties in mode l ing the operational  complexities of an E lM, 

the study team's approach was i ntended to use conservative to moderate 

assumptions to generate credi ble resu lts, both as a sta nda lone ana lysis a nd 

relative to other stud ies. Ta ble 12 provides a h igh-leve l overview of the nature 

of assumptions (conservative, moderate, aggressive) used for each of the three 

identified categories of benefits, a nd an expla nation of why the assumptions 

were considered to be conservative or moderate. Based on NV Energy staff 

guidance that the NV Energy BAA cu rrently has min imal  i nterna l  congestion, the 

study team made the conservative assumption that i ntra-regiona l  d ispatch 

savings would be negligible, and it was not inc l uded in this study. 
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Table 12. of used i n  this 

Benefit Assumptions' -Ritiermle ; " -- - -- -

OategoJ:Y lconsewative, I 

, 

l nterregiona I 

d ispatch 

F lexib i l ity 
reserves 

Renewable 

modetate, I 

aggressive) _ , 

Conservative- .. Study used wheel ing tariff rates to inh ibit trade 
M oderate between I SO and NVE i n  NV BAU Case, a 

conservative assumption that does not a d d  

a dditiona l  charges for other forms o f  friction 

that may a l so i m pede trade in current 

operating context 
.. H ourly cost d ifferences between natural  gas-

fired generators a re understated i n  production 

sim u lation mode ls  d u e  to the use of u n iform 
heat rates assumptions a nd norma l ized system 

condit ions; these models understate potenti a l  

benefits of NV E nergy participating i n  E l M  
.. Study assumed that E lM wi l l  fac i l itate m o re 

effic ient real-ti me u nit commitment, a 
moderate a ssumption, based on learn ing over 

time a n d  the E l M's real-time u nit com mitment 
capabi l ity 

" Study assumed that a l l  incremental cost savings 

I 
from d ispatch changes under  the E l M  accrue to 
ElM members, a moderate a ssum ption 

Conservative " Study m odeled low range based on the 
quantity reduction i n  reserves requirements 

I 
prices h i storical I SO m arket prices, which wou ld  

I not i ncorporate the potentia l  savin gs for 
substitution of lower cost resources for 
reserves from across the E l M  footprint in p lace 

of  h igher  cost reserves with i n  the loca l  BA if no  
E l M  were  ava i l abl e  

.. Study inc luded operating cost o n ly; no capacity 

cost savings are inc luded, which l im ited E l M  
benefits 

.. Study a l lowed 25% of tota l hydropower 
capacity to contribute to flexibi l ity reserves in 

the low range estimates, which l i mited E l M  

benefits 
" Study d id  not requ i re lock-down of d ispatch 45 

m inutes prior to the operati ng hour, as done  i n  

othe r  stu dies, which wou ld  have raised the 

quantity of reserves required a n d  i ncreased 
E l M  benefits 

Conservative .. Study d i d  not eva luate renewable c u rta i lment 
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curta i l ment for NV Energy, which l im ited ElM benefits 
" I n  low range estimate, study assumed wind  a n d  

sola r  not produc ing significant over-gen eration 
(conservative 

.. Production simu lat ion models understate the 
frequency with which low net 

generation events occur due to their use of 
i deal ized operating  assumptions; these models 

l imit  E l M  benefits 

Withi n-hour Conservative • Productio n  simu lat ion a na lysis m odeled at 
d ispatch hourly level, o mitting potential benefits of sub-

hourly d ispatch {other stu dies i n dicate that 
these benefits could be substantia l )  

Severa l recent stud ies have exam ined the potentia !  benefits of greater 

ba lancing area coord ination in the Western I nterconnection. These inc lude: 

+ PacifiCorp-ISO ElM Study - exa mined the benefits of an in it ia l  E lM 

between PacifiCorp and 150;38 

+ WECC E lM Analysis (completed in 2011) - examined the benefits of an  

hourly El M in  parts of t he  WI region; undertaken by E3  for WECC;39 

+ PUC ElM Group Analysis (completed in 2012) - examined the benefits 

of a 10-minute E lM in parts of the WI region; undertaken by the 

National Renewa ble Energy Laboratory (NREL) for the PUC-ElM Group;40 

+ WECC VGS (completed in 2013) - examined the benefits of 10-minute 

bi latera l  schedul ing for the entire WECC region; underta ken by the 

38 See http:/ /www.caiso.com/Documents/ PacifiCorp-ISOEnergylmbalanceMarketBenefits.pdf for the final report. 

39 See http:/ fwww. wecc.biz/ committees/EDT /EDT%20Results/E3 _ El M_Benefits_Study

Phase_2_Report_Revised0ct2011_CLEAN2%5Bl%5D.pdf for the final report. 

40 See http://www.westgov.org/PUCeim/ for the PUC ElM website and link to the NREL final report at 

http:/ /www.nrel.gov/docs/fy13osti/57115.pdf. 
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Pacific Northwest National Laboratory ( P N N L) for WECC as part of the 

WECC Va riable Generation Subcommittee (VGS);41 

+ NWPP ElM (completed in 2013) - examin ing the benefits of 5-minute 

security constra ined economic d ispatch for the Northwest Power Pool 

(NWPP) footprint, undertaken by P N N L  for the NWPP Market 

Assessment and Coord ination (MC) I n itiative us ing a 10-minute d ispatch 

mode l .4
2 

The above studies can be broadly categorized i nto two different a pproaches. 

The first three studies use hurd le rates to capture transactional  friction between 

BAAs in the base case, which a re removed in the El M case . They a lso assume 

that an  E lM wi l l  enable BAs to reduce the q uantity of flex ib i l ity reserves that 

they would need to carry for wind and so lar i ntegration. The last two stud ies 

assume transactiona l  friction between bala ncing areas is  not a l leviated by a n  

E l M  on an  hou rly ti mestep, a n d  that an  ElM wi l l  not reduce the quantity of 

regu lation and flexib i l ity reserves req uired for wind a nd solar i ntegration .  

I nstead, they conduct deta i led ana lysis of  d ispatch changes that  wou ld  occur on 

a 10-minute timestep compared to a fixed hourly i nterchange schedule between 

BAAs. 

The assumptions and methodologies se lected for the ana lyses above i nformed 

the deve lopment of th is study. The approach used i n  this study is consistent 

with the PacifiCorp-150 ElM, WECC E lM, and PUC Group El M ana lyses. It does 

benefit, however, from the NWPP E lM study assumption used to l im it the 

4 1  See http:/ I ene rgyexem pia r. com/wp-conte nt/ u p\oads/ publi cations/Ba Ian ci ng%20Autho rity%20Coo peratio n 

%20Concepts%20-%201ntra-Hour%20Scheduling.pdf. 

42 See http://www.nwpp.org/documents/MC-Pub\ic/NWPP _EIM_Finai_Report_10_18_2013.pdf. 
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a mount of hyd ropower that would qua l ify and be ava i lab le to provide 

contingency and flexible reserves. Table 9 ( next page) provides a h igh-level 

comparison between the benefit estimates in this study a nd the five 

aforementioned studies, describ ing key d rivers of d ifferences. 

The estimated annua l  benefits in this study a re smal ler tha n in other studies 

because of: 

+ The sma l ler  geographic footprint of th is study, which covered on ly the 

NV Energy, PacifiCorp, and the ISO a reas and not the larger Western 

I nterconnection region; 

+ The model ing scope in this study, which did not inc lude sub-hourly 

d ispatch; and 

+ The model ing assumptions used i n  this study, which resu lted i n  a 

sma l ler  base case operating reserve requ irement, and hence a sma l ler 

change i n  reserves i n  the El M case, than the PUC E lM Group ana lysis. 

The resu lts in this study should thus be viewed as conservative relative to other 

studies. 

Table 13. scope between this 

and other ElM studies 

91\!dy �nual Geo�PJjjic k"ey rDI!Wers nfrDiBemnces witb this 
IO�ni�) �ts st� Sti.iqy 

, l$MJMJ " 
i n 2017; 

i n 2022 

I nc remental  

benefits 

with 

a n d  ISO 
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W E CC E l M  i n  2020 WECC 

.. 

.. 

" uses 

bench m a rked h u rd l e  rates 

rather t h a n  wheel ing rates to 

represent friction across BAA 

b o u n d a ries 

12% cap on contribution 

to reserves, which i n creases 

benefits from E l M  

® generator 

•mnti'"""'" i nc lude retirement 

of S a n  O nofre Nuclear 

Generation Station a n d  

addit iona l  retirement a n d  

FC>r\i::! <'PYYIC>Ir<t o f  thermal u n its 

d etai l  i n  

o n  co-

owned faci l ities. 

ISO a n d  " 

AESO 

" 

��> No assessment of renewable 

curta i lment  red uction in WECC 

this i nc l udes 
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benefits of renewa b l e  

c u rta i l m ent reduction 

PUC E l M  i n  W ECC • PUC E l M  E l M  

exc l u d i ng than this study 

ISO a n d  • PUC E l M  modeled 10-
AESO 

e more 

reserve i n  base case d u e  to 

ear l ier  schedu l e  

E l M  

study assu med later lockdown 

® PUC E l M  i ncluded 

reserve savings for 

E l M ;  this study assu m es no 

WECC VGS in E ntire W E CC .. E l M  

.. 

.. 

not 

savings due to reduced reserves 

o r  redu ced transactiona l  

ISO-PAC 

from reduced reserves & 
transactio n a l  friction 

N W P P  E l M  NWPP " S imi lar  to  WECC VGS 

.. Detai l e d  
m i l l i o n  range 

for a d d it ional  

sensitivitie s  
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Te h ica l p p  dix 
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This technica l  a ppendix provides a deta i led description of the methods and assumptions used i n  

calcu lating the  benefits of  NVE pa rticipation i n  the  E lM through improving efficient interregiona l  

d ispatch and reducing flexibi lity reserves requ irements. Fol lowing this overview, t he  fi rst section of this 

a ppendix describes methods for ca lculating in puts to the NV BAU Case, including whee l ing rates 

between BAAs and flexibi l ity reserve requ i rements in the NV BAU Case. The second section describes 

the changes made to wheeling rates i n  the NV ElM Dispatch Case to reduce friction on transact ions 

between the NV Energy and ISO BAA. The th i rd section describes the ca lcu lation of reserve 

requ i rements for the NV E lM Flex ib i l ity Reserves Case and d iscusses the approach used to estimate a 

low and h igh ra nge of flexib i l ity reserve savings. 

The study team estimated the benefits of more efficient interregional  d ispatch and reduced flex ib i l ity 

reserves using a comb ination of stati stica l ana lysis and production s imulation mode l ing. Al l  produ ction 

s imu lation model ing was conducted using ABB's GridView model .1 

The study team modeled three simu lation cases to eva luate the benefits of NV Energy pa rticipation in 

the El M :  

• NV BAU reflecting a business-as-usual  scena rio that includes an E lM operating between 

two current E lM participants (PacifiCorp a nd I SO,) but continued obstacles to i nterregiona l  

d ispatch between NV Energy and  ISO, and independent procurement of  flex ib i l ity reserve 

needs for NV Energy; 

• N V  E l M  i n  which obstacles to more efficient interregiona l  dispatch a re removed 

but NV Energy flexib i lity reserves needs a re sti l l  calcu lated and procured separately; and  

• NV E l M  Reserve in  which obstacles to more efficient i nterregiona l  d ispatch a re 

removed a nd NV Energy pools its flexib i l ity reserves with the exist ing E lM participants. 

The NV BAU Case was developed using the Western Electricity Coord inating Council 's (WECC's) 

Transmission Expansion P lann ing Pol icy Committee (TEPPC) 2022 Common Case as a sta rting point, with 

u pdates developed for ISO's Transm ission P lann ing Process (TPP) GridView s imu lation "Bra nch Cases" 

for 2017 and 2022 to improve accuracy inside of California .  The study team a lso adjusted load forecasts, 

fuel price forecasts, generators reti rements a nd additions, and tra nsmission detai ls for 2017 and 2022 

based on addit ional  i nformation provided by NV Energy and ISO. F ina l ly, the team imp lemented 

changes deve loped from the 150-PacifiCorp ElM Benefits study to reflect in the NV BAU scenario the 

operation of an  E lM with the "current participants" of  ISO and PacifiCorp. 

1 For more on GridView, see 

http://www. a bb.com/in d  ustries/ d b0003db004333/ c125 73e 7003305cbc125 70060069fe 77 .aspx. 
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The NV ElM Dispatch Case and  NV E lM Flex ib i l ity Reserve Case were used to isolate the benefits, relative 

to the NV BAU Case, of more efficient interregional  d ispatch and reduced flexibi lity reserves as a resu lt 

of NV Energy pa rticipating in the E lM.  I n  the NV E lM Dispatch Case, the study team modeled the 

i ncremental  benefits of more efficient interregiona l  d ispatch by e l iminating the whee l ing rates between 

NV Energy and ISO that a re used to reflect imped iments to electricity trades i n  the NV BAU Case. 2 In the 

NV ElM F lexib i l ity Reserve Case, the study team modeled the incrementa l benefits of reduced flexib i l ity 

reserves by calcu lating the reduction in flex ib i l ity reserves that resu lts from pool ing load, wind, and  solar 

va r iabi l ity between the NV Energy BAA a nd the current El M participants' BAAs (subject to transmission 

constra ints), and then by reducing the amount of requ i red reserves in GridView runs. 3 

As described i n  the main report, for the NV BAU Case, the NV E lM Dispatch Case and the NV E lM 

F lexibi l ity Reserve Case, the study team modeled both the year  2017 to rep resent l i kely system 

cond itions with in  the first severa l yea rs after the El M becomes ful ly operationa l, as wel l  as the yea r  2022 

to identify the potentia l  benefits over a medium-term p lann ing horizon, after addit ional  renewa ble 

generation and more regiona l  transmission fac i l it ies have been constructed in the Western 

I nterconnection, and with add it ional  flex ib i l ity reserves needed to support the h igher leve ls of regional  

wind and solar penetration.  F igure lA i l lustrates the study team's model ing approach. 

2 A component of wheel ing rates that reflects the need to acqu ire C02 a l lowances when del iveri ng e lectricity from 

neigh boring states into Ca l ifornia,  as requ i red by Ca l ifornia's greenhouse gas "ca p-a nd-trade" progra m d eveloped 

in compl ia nce with AB32, was reta ined in  a l l  cases. 

3 As d iscussed later in this Tech n ical  Appendix, the low range benefit level for reduced flexibi l ity reserves savings 

was instead calculated by va l u i ng the q uantity red uction in flexible reserve req u i rements based on historica l ISO 

market prices. 
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Figure lA. Modeling approach for creating NV BAU, NV ElM Dispatch, and NV ElM Flexibility Reserves 
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As described i n  the main  report of the NV Energy-ISO E lM ana lysis, the study team calcu lated a h igh  

ra nge and low ra nge benefit level for both 2017 and 2022 by  uti l iz ing d ifferent assumptions regard i ng 

the avai lab i l ity of NV Energy generators to partici pate i n  the E lM, the va lue of flex ib i l ity reserves, a nd 

the share of identified curta i lment avoided. Production cost results used for the high and low ra nge 

scenarios a re described i n  this Append ix. Al l  cases for this ana lysis assume PacifiCorp and ISO as  current 

E lM participants by the time NV Energy participation would commence, and  a l l  cases ( inc lud ing the NV 

BAU Case) assume 400 MW transfer capabi lity between PacifiCorp and ISO over transmission fac i l it ies at 

COl .  Al l  cases for this assessment a lso l imit hydropower's ab i lity to contribute to contingency a nd 

flexib i l ity reserves to 25% of nameplate ca pacity. 

The NV BAU Case used WECC's TEPPC 2022 Common Case as a sta rt ing database. I nputs to the TEPPC 

database a re developed from a col l aborative stakeholder process, and are used i n  stud ies to assess 

regional economic transmission i n  the Western I nterconnection. In add ition, the TEPPC database has 

been used i n  I SO's TPP, and in other stud ies of the benefits of an ElM throughout the Western 

l nterconnection.4 

4 ISO, 2013, Draft 2012-2013 Transmission Plan, http://www.ca iso.com/Documents/Draft2012-

2013Tra nsmission Pian.pdf; E3, 2011, W ECC E DT Phase 2 E l M  Benefits Ana lysis & Resu lts (October 2011 Revision), 

http://www. wecc. biz/committees/E DT /E  DT%20Resu lts/E3 _E lM_ Benefits_ Study

P hase_2_Report_Revised0ct2011_CLEAN2%5Bl%5D.pdf. 
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I n  developing its 2017 and 2022 TPP "Branch Cases", ISO staff made adjustments to the TEPPC 2022 

Common Case to improve transmission and generation mode l ing accuracy with in  California .  The study 

team incorporated those adjustments and made further modifications to the ISO 2017 and 2022 Branch 

Cases i n  three pr imary a reas: (1 )  fuel price forecast, (2) load forecast, and (3)  generation and 

tra nsmission .  

Natura l  gas prices were based on the  ISO's long-term procurement p l an  (LTPP), adjusted to  match 

a n nua l  average Henry Hub fuel p rices from NYM EX. Within Ca l ifornia, these prices reflect ISO's recent 

updates to provide more granular prices for distinct locations with in  Ca l ifornia load areas. Table 1A 

shows fue l p rices by region, for the TEPPC regions with in  the ISO, NV Energy, and PacifiCorp BAAs. 

Table lA. Average annual burnertip gas price (2013$/MMBtu) 

aa 2117 1m 
' 

' 
' 

Gas - N EVP (Southern NV) 3 .92 4.51 

Gas - SPP (Northern NV) 4 .19 4.81 

Gas - PG&E Kern River 4 .18 4.81 

Gas - PG&E PGE C BB 4.15 4.77 

Gas - PG&E PGE C LT 4 .27 4.90 

Gas - PG&E SoCa l BT 4.24 4.87 

Gas - SCE SoCa l BT 4.24 4 .87 

Gas - PACE ID  4 .05 4.65 

Gas - PACE UT 3 .87 4 .45 

Gas PACE WY 4 .00 4 .60 

Gas - PACW 3.97 4.56 

For 2022, load data was used from the TEPPC Common Case database with u pdates i n  Cal ifornia based 

on a CEC demand forecast from September 2012. A load forecast for 2017 was provided d i rectly by 

PacifiCorp for the PacifiCorp East and PacifiCorp West BAAs as  part of the ISO-PacifiCorp ElM Benefits 

study. For a l l  other  load a reas, monthly peak and energy va lues were adjusted for 2017 based on WECC 

Load-Resource Subcommittee (LRS) 2012 data submittals of forecasted demand by BAA. 

For the 2017 cases, some generation and transmission projects were removed from the TEPPC 2022 

Common Case because they were not expected to be on l ine by 2017, based on input from ISO and  NV 

Energy. For model ing purposes, generation in 2017 was assumed to precede the majority of expected 

OTC-re lated retirements and replacements in Ca l ifornia; the 2022 cases inc ludes the p lanned 

repowering of some generation to rep lace retired OTC un its. 
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Consistent with the latest ISO p lann ing costs, both the 2017 and 2022 scenarios reflect the ret irement of 

the San Onofre N uclear Generation Station (SONGS) Un its 2 and 3 i n  2013; based on the CAISO TPP 

assu mptions, generic gas-fired generation is added i n  Ca l ifornia as  a pa rt ia l  rep lacement for the ret i red 

SONGS ca pacity. The Navajo coa l-fired p lant in Arizona is a lso assumed to be retired i n  2019. 

In Nevada, Reid Gardner  Un its 1, 2, and 3 a re retired for both the 2017 and 2022 cases, a nd Reid 

Gardner U n it 4 is modeled onl ine in the 2017 cases, but retired for the 2022 cases. NV Energy p rovided 

input data for generic gas-fired p lant add itions, 5 as wel l  as  solar  generation, to part ia l ly rep lace the 

reti red Reid Gardner capacity. 

Based on NV Energy staff i nput, the study team u pdated the Southern Nevada Transmission Interface 

(SNTI)  path l imit to 3,948 MW in the south-to-north d i rection and to 4,465 MW in the north-to-south 

d i rection, a nd made addit ional  updates to the model to correctly reflect other Nevada paths l im its and 

transm ission faci l it ies. 

The NV BAU Case a pp l ied tariff-based whee l ing rates to power transfers between BAAs, based on a 

summary by ISO staff of the most recent whee l ing ta riffs for transm ission p roviders i n  the Western 

I ntercon nection. These wheel ing rates were adjusted to reflect the add it ional  impact of a nticipated C02 

a l lowa nce costs for unspecified power imports i nto California .  For power flows from NV Energy ( NVE) to 

ISO, the study team used a va lue of $12. 23/MWh in 2017, which inc luded a $5.52/MWh cost for C02 

a l lowa nces on NV Energy exports to ISO (Ta ble 2A) . This $5 .52/MWh adder was based on a defa u lt C02 

emissions factor from the Ca l ifornia Air Resources Board of 0.428 metric tons/MWh, and C02 p rices for 

2017 of $11 .53 (2013$) per short ton of C02 , consistent with ISO's assumptions for the 2012 LTPP .  

For  2022, the  study team app l ied a tota l whee l ing rate of  $12 .23/MWh, which included a $10.65/MWh 

cost for C02 a l lowa nces on NV Energy exports to ISO (based on a 2022 C02 price of $22.57 per short ton ) .  

For  power flows from ISO to  NVE, the  study tea m used a whee l ing rate of  $10.10/MWh in  2017 a nd 

$ 10.39/MWh in  2022. As described i n  the main report, the study tea m conservatively assumed that 

interties between NVE and PACE cannot be uti l ized for the E lM, and thus app l ied a $6.71/MWh 

whee l ing rate on flows from NVE to PACE and a $2 .93/MWh whee l ing rate on flows from PACE to NVE; 

these whee l ing rates were unchanged in a l l  E l M  scenarios. 

Table 2A. Wheeling rates used in the NV BAU Case (2013$) 

� c 
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NV BAU Case - 2017 $5 .52 $6.71 $12.23 $10.10* 

NV BAU Case - 2022 $10.65 $6.71 $17.36 $10.39* 

5 Total NV Energy gas-fired a d d itions includes the assu med a d d it ion of o n e  646 MW CCGT added i n  southern 

N evada by 2017, p lus add itions for the 2022 case of  o n e  273 MW CCGT and 21 combusti on turb ine (CT) u n its 

tota l ing 1,690 MW. 
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*No COrrelated wheeling rate is applied to ISO exports to NV Energy because C02 permit cost under AB32 

is directly modeled in the dispatch for generators located inside California. 

To determine the production costs associated with flexib i l ity reserve leve ls in the NV BAU Case, the 

study team obta ined load fol lowing and regu lation reserve requ irements, and then set the tota l a s  an  

u pward constra int on the min imum leve l o f  generation ca pacity committed i n  each BAA by G ridView. 

Load fol lowing here is defined as  the ca pacity needed to manage the d ifference between the hou rly un it 

commitment schedu le and 10-minute forecasted net load. Regulation is defined as the ca pacity needed 

to ma nage the d ifference between 10-minute forecasted net load and 10-minute actua l  net load .  These 

flexib i l ity reserve requ i rements a re i n  add it ion to the sp inning reserve requ i rements, which a re carr ied 

against generation or transmission system conti ngencies, and were a lso modeled as a constra int i n  

G ridview. Supplemental reserves, downwa rd regulation a n d  downward load fol lowing were not 

expl icitly modeled in GridView. 

For Cal ifornia, ISO p rovided flex ib i l ity reserves requ i rements for each hour based on the load, w ind  and 

so lar  i n  CPUC's commercia l  i nterest portfo l io to meet 33% RPS i n  Cal ifornia .  To ca lcu late these 

req u irements ISO used a stochastic process developed by ISO and Pacific Northwest National La boratory 

( P N N L) that employs Monte Carlo s imulations to rep resent the variab i l ity and forecast error of load, 

wind, and solar over mu lt ip le iterations and to eva luate the result ing regulation and load fol lowing 

requ i rements needed to ensure sufficient system flexib i l ity. For the PacifiCorp BAAs, the study team 

used the hourly regu lation and load fol lowing requ i rements deve loped from the PacifiCorp-ISO E l M  

study. 

NV Energy staff p rovided an estimate of its flexib i l ity reserve requ i rements based on ana lysis used in NV 

Energy's 2013 IRP  ana lysis. NV Energy anticipates requ i ring 35 MW of regu lation reserves in a l l  hours 

for 2017 and  2022. I n  add ition, NV Energy projects an average need of 41 MW of load fol lowing 

reserves i n  2017 a nd 91 MW in  2022. In  the NV BAU Case, these requ i rements were used as a sepa rate 

constraint on min imum leve l of committed capacity with in  NV Energy's ind ividua l  BAA. 

In the NV BAU Case, to reflect the impact of ISO and PacifiCorp as exist ing pa rticipants in an E lM,  the 

study team est imated flexib i l ity reserve requ i rements that could be met across the exist ing E lM 

footprint, subject to  transmission constra ints. Fo r  each hour, the study tea m ca lcu lated the  load 

fol lowing flexib i l ity reserve requ i rements as  the geometric sum of the standa lone requ i rements of the 

i ndividua l BAAs for each existing participant. The study tea m a lso appl ied constraints to the a mount of 

load fol lowing reserve that must be carried with in  ISO, PacifiCorp East, and  PacifiCorp West BAAs based 

on the transmission transfer ca pab i l ity ava i lab le between these participants, as  described in the 

PacifiCorp- ISO E lM Benefits report. 6 

6 This i n cl u d es the 400 MW tra nsfer ca pabi l ity level between ISO a nd PacifiCorp at COl assumed for this a n a lysis, as 

wel l  as an assu m ption that PacifiCorp East is ab le  to transfer 200 MW to PacifiCorp West with i n  the hour but with 

no tra n sfer capabi l ity in the reverse d irection for E l M  transactions.  
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Table 3A shows the resu lt ing average hourly load fol lowing and regu lation reserve requ i rements for 

both NV Energy and the existing E lM participants i n  2017 and 2022. 

Table 3A. Estimated minimum flexibility reserve holdings under the NVE BAU Case in 2017 and 2022 

35 35 
41 76 

551  685 

I n  the NV ElM Dispatch Case, the study team modeled the red uced tra nsactional  friction between  NV  

Energy and ISO as  a resu lt of NV Energy participation i n  t he  E lM by removing the  wheel ing rates a p p l ied 

to transmission flows between the NV Energy in the NV BAU Case (exc lud ing the COrre lated wheel ing 

rates, which were left unchanged from the NV BAU scenario) .  In  the NV E lM Dispatch Case, the NVE-7 

ISO wheel ing charge continues to inc lude the $5.52/MWh cost for C02 a l lowances in 2017 (and 

$10.65/MWh for C02 a l lowa nces in 2022) on NV Energy flows to ISO (Table 4A) . 

Table 4A. Wheeling rates for the NV BAU vs. NV ElM Dispatch Cases (2013$) 
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NV BAU Case - 2017 $5.52 $6.71 $12.23 $10.10* 

NV E lM  Dispatch Case - 2017 $5.52 $0.00 $5.52 $0.00* 

NV BAU Case - 2022 $10.65 $6.71 $17.36 $10.39* 

NV E l M  Dispatch Case - 2022 $10.65 $0.00 $10.65 $0.00* 

*No COrrelated hurdle rate is applied to ISO exports to NVE because C02 permit cost under AB32 is 

directly modeled in the dispatch for generators located inside California. 

' 

' 

E l im inating the non-C02 re lated wheel ing rates for th is case enables GridView to d ispatch more 

generation in the NVE BAA to serve needs in the BAAs of the existing participants when more effic ient 

NV Energy un its a re ava i lable, and vice-versa .  Reduced tra nsactional  frict ion from removing wheel ing 

rates lowers tota l  generator p roduction costs. The resu lt ing i nterregiona l  d ispatch cost savings is  

ca lcu lated as  the cha nge i n  generator prod uction cost between the NV BAU Case and the NV E l M  

Dispatch Case. I t  i s  important to note that th is savings ca lcu lation does not include the change i n  

whee l ing costs incu rred, on ly the change in prod uction cost (generator fuel costs a s  va riable O&M)  as  a 

resu lt of d ispatch ing more efficiently between BAAs when wheel ing charges a re not im posed.  
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Table SA shows this resu lting production costs savings for 2017 and 2022 under the high range benefits 

scenario, which assumes pa rticipation of NV Energy generation in the E lM  during a l l  months. As 

described in the ma in  report, the low range i nterregional  d ispatch savings assumed that NV Energy 

generators were unavai lable du ring June through September, so the study team sca led down the h igh

range benefits calculated from the sim u lation resu lts by 4/12ths {33%) .  The table be low summarizes the 

resulting i nterregional d ispatch savings for a l l scenarios. 

Table SA. Production cost savings in the NV ElM Dispatch Case for 1017 and 1012 (Mil l ion 2013$) 

, " ; 2.1 ,a2' 
, 
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For the NV E l M  Flex ib i l ity Reserves Case, the study team ca lcu lated load fo l lowing requ irements for the 

expanded ElM { inc luding NV Energy) as  the geometric sum of the reserve requ i rement for the ind ivid ua l  

BAAs of each participant, and enforced transmission constra ints to ensure rea l istic reserve sharing. By 

taking the geometric sum of NV Energy's requ i rements with those of the current E lM  pa rticipants, the 

reserve requ i rements in the ElM Flexi b i l ity Reserve Case reflect the d iversity i n  forecast errors and  

va riabi lity for wind, load, and solar  across the  NV Energy, ISO, and PacifiCorp footprint, reduc ing the 

tota l reserves that a re needed re lative to the requ i rements i n  the NV BAU Case and the NV ElM Dispatch 

Case. 

Transfer ca pabi l ity between NV Energy and ISO was not identified to be a l imiting feature on the 

q uantity of reserve sharing, but the 400 MW tra nsfer capabi l ity constra int between PacifiCorp and  ISO 

modeled in the NV BAU Case was ma intained in the NV E lM  Flexib i l ity Case. 

Table 6A shows the pooled flexibi lity reserve requ i rements for the expanded E lM which includes NV 

Energy, p rior to enforcing transmission constraints between BAs. Since the ElM wi l l  operate at a 5-

m inute timestep, regu lation reserves requ irements which a re req u ired to respond to changes at a 

shorter timesca le a re modeled as unchanged from the requ i rements i n  the NV BAU Case. 
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Table GA. Pooled load following reserve requirements under the NV E lM Flexibil ity 

Reserve Case in 2017 and 2011 



As described i n  the main  report, for the low ra nge benefit estimate, the study team calcu lated flexib i l ity 

reserves savings by va lu ing the qua ntity reduction in load fo l lowing reserve requ i rements (as a resu lt of 

NV Energy participation in the E lM )  at a benchmark of historical  a nc i l lary service prices. For each study 

year, the study team mu lt ip l ied the hourly red uction in reserve req uirements (for the NVE E lM  Flex ib i l ity 

Reserves case vs. the NV BAU Case) by the average ISO regu lation market prices from 2009 through 

2011. Consistent with the approach taken for the GridView model ing, only savings in load fo l lowing u p  

reserve costs were assumed t o  be ach ieva ble through an  E l M .  

Table 7 A shows the average reduction i n  flex ib i l ity reserve requ i rements, the average anc i ll ary services 

prices per MWh, and the resu lt ing low range annua l  flexib i l ity reserve savings for 2017 and 2021 .  The 

table a lso shows the h igh range flex ib i l ity reserve savings ca lcu lated from GridView s imu lation resu lts as 

a comparison .  The low ra nge savings are conservative in that they assume NV Energy participation in 

the E l M  would produce cost savings solely by reduci ng the quantity of flexib i l ity reserves requ i red .  By 

comparison, the high ra nge flexibi l ity reserve savings est imated with GridView capture the additiona l  

cost reductions that NV Energy's participation in the  E l M  could enable through optima l select ion of  the 

most effic ient sources of reserves from across NV Energy a nd the rest of the ElM footprint. The large 

d ifference i n  resu lts suggests that creating a mechan ism to a l low optimal  selection of flex ib i l ity reserves 

from across an expanded E lM  is a very important benefit that should yield significant cost savings. 

Table 7A. low and High Range Flexibil ity Reserve Savings from NV Participation in  ElM (2013$) 
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