CASE 06-T-0650

STAFF OF THE DEPARTMENT OF PUBLIC SERVICE
INTERROGATORY/DOCUMENT REQUEST
TONEW YORK REGIONAL INTERCONNECT INC

255

(“NYRI”)

" RequestNo: .  DPS-128 - . % ‘. == OF NEW YORK |
S ' T = ' ) U" . JF PUBLIC SERVICE
“Date of Request: - March 17,2009 - R L 3’ Sy 09
ReplyDate: . March30,2000 . il SRES 0
'- Subject: .~ Prod.uct_i,on Cost Savings Eorecasts
' Witness: . AR Lesser—Puga Panel .

L Please provrde documentatlon descrrblng the AuroraXMP (Aurora) model

: ReSponse

o Please see Exhlblt DPS- 128 1 A, Exh1b1t DPS 128 1 B, and Exh1b1t DPS 128 1 C
- attached hereto '

2. . Please 1dent1fy proceedrng(s) in whrch the' Aurora model has been used to’ forecast
o productlon costs for New York. : -

: 'Response"- :

: We are not aware of any regulatory proceedmgs in whrch Aurora has been used to
' forecast productlon costs in New York : -

3 Please 1dent1fy whether the Aurora ‘model has- been tested for its applrcabrhty to
- . 'New York If it has, please identify how the testmg was done and provrde the results
from the testing. If not, explam why not.

' Response'

EPIS offers and regularly updates a-North Amerlcan power database of the

. interconnected power systems of the U.S., Canada and Northern Baja California, ‘Mexico,

for use by:its licensees. EPIS data Support team uses multlple data sources to update this
database. The data for NYISO was recently updated using the 2009 RNA and the 2008

Goldbook, among other souraes. Varlous Aurora licensees use Aurora to model markets’

-




in which they operate and base multrple business decisions on Aurora outputs However,

_ their benchmarking is commermally Sensitive and thus considered confidential. Platts
Power Outlook Research Service relies on the AuroraXMP model to forecast market
“clearing prrces for electric powerin the U.S. /Canada region, estimating both on-peak and
off-peak energy-only values along with “all-hours energy and capacity” composite power -

' values on an aggregated monthly and annual basis for a20- year forecast perrod :

4. A Have the Aurora model forecasts ever been benchmarked to GE MAPS forecasts‘7
If so, by whom and what were the results If not, explam why not. :

B Response

We are not aware of any mformatlon in the publrc domam relatrng to benchmarkmg of
_ ‘AuroraXMP against GE- MAPS ' : : o

- "5 . What geographrc regron d1d you srmulate for your analysrs of the NYRI prOJect'
: economrc beneﬁts'7 I _ . S

- Response'

L In addltron to the ll NYISO zones, we- modeled all the key nerghborrng areas lncludmg
-patts.of PJM, MISO, New England, Mame Connectrcut Ontario, Quebec, and Mamtoba .
- . Areas that, due-to their distance or weak electrical interconnection, were deemed to have -
- little-influerice on the NYISO system (such as the WECC, MISO-west of RFC- MISO and
‘areas south of Virginia Power, etc.) were-turned-off i in the ‘modél. The region modeled is” -
shown. i in the zonal dlagram in Exhrbrt DPS 128 5, attached hereto ' . '

E 6. ., If the geographrc regron was greater than just New York please provrde forecasts ‘
- of productron cost savmgs for each of the control areas srmulated ' -

Response. .

»No productron cost reports were spec1ﬁed for areas outsrde of NYISO when the model
© was run. : : o

7. On page 98 (lmes 4-8) of your testlmony, you state that you used load forecasts”
for-peak demand and annual electric consumption from the N'YISO 2009 RNA. Please -
state the assumptions regarding the impact-of EEPS in the forecast for both load and
: energy consumptron (e. g 100% EEPS) .

Response

Bates White relied on 2009 RNA Base Case demand and efiergy assumptlons See. page 8 '
‘of the 2009 RNA fora descr1ptron of their EEPS assumptlon




"Using conservative assumptions appropriate to a baseline
reliability analysis, the NYISO determined that there should
be a reduction of approxzmately Jive percent of peak load
Jfrom the previously forecasted levels by 2015 based upon
currently quthorized spending levels. This equates to
approxzmately 30% of the total energy effi czency goals."

Further zone- specific load forecast data was obtained dlrectly from. NYISO as this
- detailed information was not included 2009 RNA Report These data have been enclosed
‘in Attachment DPS-128-6. '

8. If the response provided to the previous questron was less than 100% EEPS
please provide production cost forecast results for-an alternative sirmulation where you
assume that 100% of the EEPS targets are achieved for both energy and capaclty '

: Response

_ . Although we do not belreve the assumptlon is valld please refer to Exh1b1t DPS- 128 8
" attached hereto.

9. Onpages 98 99 of your testlmony, you state that' you performed a zonal level_ A _

* analysis rather than a riodal-iével analysis. : Are the interface limits in your analysis .

‘assumied to, be different in the width NYRI and without NYRI scenarios? If yes, explain -
how and why they dlffer If no, explam why not : .

' Response.

© All limits. between zones in the without-NYRI and w1th-NYRI cases are 1dentlcal except
~ for the addition of 1200 MW to the 1nterface llmxt between zones E and G, upon addition
of NYRI. -

10. - Please perform a nodal- level analysrs and provxde productxon cost forecast results ,

- under these assumptlons

Response:

. Bates White does not, at this time, have a completely satisfactory nodal- level

representation of the NYISO system for use in its nodal LBMP model. Bates White’s
approach to nodal LBMP modeling combines the Aurora*™P security- -constrained
chronological dispatch production cost model with PowerWorld Simulator, an interactive -
power systems simulation model, via a software bridge which carries mformatlon .
between the two programs - :

- Although we attempted to perform a nodal-level analy81s of the NYISO system, we

repeatedly encountered non-convergence issues and unrealistic nodal price solutions, .
especially in zones H, I,’and J. These, we believe, are attributable to the underlying

" . phase angle regulator (PAR) modeling assumptlons in the model.




Power flow models often expjeri¢nc¢' difficulties in determining the cortect value for
discrete and/or limited automatic controls, such as phase shifting transformers tap
positions: These problems-can be particularly acute in areas in which PARs are actively.
managed by the system operators, such as.is the case of the PARs in-the NYC area.

: Fiﬁa!ly,' as discussed inour rebuttal tesﬁmoriy, we believe it was more appropriate to run -
- azonal model to evaluate the potential long-term benefits of NYRI, which should not be
held hostage to certain existing intra-zonal Constraints that, ideally, will be addressed by

the respective transmission system owners. |

1. On page 99-105 of your te‘st.i.r.nony; ydd describe éengrétibn addit_i‘bns,"éésume_d in

. your analysis for'a base case in which the NYRI line is not assumed and for an altem'ative-. ;

 Scenario in which the NYRI line is assumed.  Please provide production cost savings
- forecasts by assuming that the base case supply additions remain unchanged in an
“alternative scenarip in which the NYRI line is assumed. .~ ' S

Response: - -

s explairied in o rebuttal testimony, we do rot believe this is 4 valid analysis.
However, please refer to Exhibit DPS-128.11, attached hereto.” : .

12, Please identify how production cost savings are defined in your analysis. Are

production cost savings defined as something other than the difference in marginal - .

(running) costs (e.g., fuel and variable O&M costs.including environmental allowance. - *
. costs) between the base case (without the NYRI project) and the alternative case (with.the .

- NYRI project)?: If so, please identify the doilar value of production cost savings-by cost
~ component. . e T E e ' '

Responsé:

~ No. Total production cost in ‘Aurora was calculated as the sum of total fiiel cost and total -
- variable O&M cost. Total fuel cost includes emission allowances cost and total variable =

~O&M cost includes unit start-up cost..

13.  What js the source of the data.inqiud.ed in the Aurora data set underlying you
-analysis, particularly with regard to generator unit characteristics.and transmission .
system characteristics? : : I : '

. . . - . . ‘

Response: -

. Geﬁerator unit data in the Aurora NYISO databasc are based on historical EIA-860 data,
updated with information sourced in the 2008 NYISO Goldbook, and publicly available -
“data reported in FERC Form1. s o S




Transmission system characteristics in the Aurora zonal model consists of interzonal and

boundary transfer limits published in the 2009 RNA complemented by other various
~ sources (new prOJects)




New York Independent System Operator
Table | -2a (2) - 2009 RNA Base Case '
Forecast of Annual Energy by Zone - GWh

Year |. A .- B. - C D E _F G " H i J K NYCA -

2008 | 15917 10,025 16,866 6,861 7,944 11,823 10,918 2,706 6,384 54272 22,960 166,677

2009 | 16,011 10,067 16,881 7,014 8,020 11,907 11,007 2,748. 6478 54,987 23,008 168,127

2010 | 16,143 10,162 16,975 7,102 8,066 11,919 11,146 2786 6,541 55805 23,002|. 169,747

2011 | 16,189 10,154 17,038 7,147 8,109 11,988 11,263 2,817 6,572 56,661 23,015 170,953

2012 | 18,211 10,957 17,035 7,153 8,117 12,074 11,302 2,830 6,564 57,503 22,981 171,926

2013 | 16,287 10,210 17,102, 7178 8127 12,160 11,382 2,871 6,593 58,358 22888 173,158| -

2014 | 16,375 10,323 17,219 7,192 8,171 12,257 11,496 2,884 6,586 59430 22,866 174,799| -

2015 | 16,436 10,410 17311 7,176 8,202 12,355 11,568 2,903 6,595 60,353 22,870 176,176

2016 | 16,532 10,519 17,418 7,185 8,228 12487 11,656 2,928 6,607 61,628 23,062 178,250
2017 | 16615 10,615 17,464 7171 8,238 12,621 11757 2,954 6,638 62,083 23,127 179,283

2018 | 16,689 10,703 17,507 7,187 8,244 12,757 11,827 2985 6,680 62,569. 23278 180,427

Forecast of Coincident Summer Peak Demand by Zone - MW
Before Reductions for Emergency Demand Response Programs

Year. | * A B. ~ C- D ' E E: G - H. i K _NYCA. +

2008 2,647 1,933 2872 .824 1,382 2298 2,341 638 1,537 11,964 5355 33,792

2009 2657 1,941 2873° 836 1,388 2,299 2358 644 1,550 12,127 - 5386 - 34,059| -

2010 26668 1,949 2873 847, 1,393 2301 2375 651 1,561 12257 5395 34,269

201 2,674 1,947 2,884 853 1,401 . 2,314 2,400 659 1,568 12,381 5,403 34,462

2012 2678 1,948 2883 853 1,402 2331 2408 662 1,566 12,452 5403 34,588

2013 2,690 1,958 2,894 856 1,404 2,347 ' 2,425 669 1,567 12,537 5377 34,725

2014 | 2,705 1,979 2914 858 1,412 2,366- 2,450 668 1,557 12,627 5,370 34,905

2015 2715 1,996 2,930 856 1,417 2385 2465 . 671 ' 1,554 12683 5358 35,029

2018 2,731 2,017 2,948 857 1421 2410 2484 - 675 1,554 12,787 5374 36,258
.2017 2,744 2,035 2,956 855 1,423 2436 2505 @ 681 1,562 12,879 5,354 35,430

2018 2,757 2,052 2,963 857 1424 2462 2,520 688 1,571 12,980 - 5383 - 35,658

Forecast of Coincident Winter Peak Demand by Zone- MW
. - o )

Year. | A-. B - .C . :0: . E G NET .G - Ho. codoe e S TE e NYCAY
2008-09| " 2,315 1,526 2,619 955 1,334 1,862 1,712 523 916 7,793 ' 3,722 . 25278
200910 2,328 1,532 - 2,622 976 1,346 1875 1,726 53t . 930 7896 3,742 . 25,505
2010-11) 2,348 1,547 2,636 989 1,354 1,877 1,748 539 939 8,028 3,744 25,748
2011-12] 2,354 1,545 2,646 995 1,361 1,888 1766 - 545 944 8,136 ' 3743 25,924
2012-13| 2,357 1,546 © 2,646 996 1,363° 1,901 1,772 548 943 8257 3,735 26,084
2013-14( - 2,368 1,554 2656 = 999 1,364 1,915 1,785 656 947 8380 3,718/ 26,243
2014-15{ 2,381 1,571 2674 1,000 1,372 1930 -1,803. 558 946 8534 3,702 26,472
2015-16 -2,380 1,584 2689 999 1,377 1,945 13814 562 947 8,666 3,688 26,661|
2016-17| 2404 1,601 2705 1,000 1,381 . 1966 1,828 566 949 8849 3,685 26,935
2017-18] 2416 1,616 2712 998 1,383 - 1,987 " 1,844 - 572 953 8815 . 3,687 27,083
2018-19| 2427 1629 2,719 1,001 1,384 - 2009 1855 578 959 8,985 3687 27,231




FeeBATES*WHITE®***




Base Case + NYRI .




AURORA helps PUC
-analysts assess the
impacts of:

+Fuel price and hydro

volatility .
«State-wide supply

assessments & plans
sEmissions regulations
+Changes to portfolios

of individual utilities -
«New transmission
_capacity

“AURORA _is easier to use
than other models we’ve
seen. The technical support
and training provided by
EPIS are great. AURORA
- gives us an extremely pow-
erful tool to use for analyz-
- ing a wide variety of utility

ﬂlings—ihtegrated resource -

plans, power purchase and
sales contracts, PURPA
contracts, resource selec-
tions in RFPs, and so on. -
—Rick Sterling,

Utilities Engineer, Idaho
Public Utilities Commission

For more information:
‘Lee Bamey

Vice President

(503) 722-2023 ext. 203
leebamey@epis.com

Across the country, energy market complex-
ity and economic pressures are thrusting state

_public utility commissions into the spotlight.

PUC analysts face many challenges to-effec-
tive regulation of utilities including: different
stages of RTO acceptance, greater environ-
mental considerations, volatile fuel prices;
and so on. Additionally, nearly all 50 state
governments are facing tremendous budget

" pressures. Many public utilities commissions

are understaffed requiring energy and eco-
nomic analysts to accomplish more with
fewer resources. ,

PUCs need a fast and easy-to-use tool that
can accomplish a wide variety of analysis—
rate case, resource planning, environmental
studies, production cost modeling, uncer-

tainty analysis, etc.—and be run by minimal . -
. staff. They need a transparent tool that helps

keep discussions focused on key assumptions

. and data and not on ideology. AURORA is a

software-based electric market. model that
accomplishes all of this and much more.

Several public utility comrhissions and regu-
lators cite the following reasons why they
chose AURORA

© +Ease of Use . N

+ Transparency

« Low Maintenance

+ Current North American Database

« Superior Customer Support and Trammg
« Flexibility with Other Applications -

. Comprehensrveness

AURORA: The Industry’s Tool_of Choice

EPIS, INC. - 1800 BLANKENSHIP ROAD, SUITE 350 * WEST LINN, OREGON 97068
PHONE: 503.722.2023 - FAX: 503.722.7130 * INTERNET: WWW.EPIS.COM

WHY PUBLIC UTILITY COMMISSIONS

CHOOSE AURORA

What regulators say:

“In Washington, we use Aurora in a production
cost modeling role and in'a resource planning
model role. We value the fact that it comes with
a current power market database and that it
interfaces easily with [other applications].

“|As a result of using AURORA], the amount of -
time we need to devote to maintain power eco-
-nomics modeling skills is less than that needed

with other models.

AURORA also allows us to focus on the data which
reflects the individual companies we regulate. We
find it promising that the model's database and.
reporting system allow the user to create sub-" -
portfolios with in a company’s portfolio for rate ~
and allocation studies...

—Hank Mclntosh Energy Analyst
Washington Utilities and Transportation

Commission Advocacy Staff .

“As a state commission, we don’t have the time
" or the staff to devote someone full-time to main-’
~ taining and operating a cumbersome power sup-
_ply model. AURORA'’s ease of use, technical sup-

port and training give us the capability to review -
and analyze utility filings whenever they come in... -

AURORA has features that make preparing output
reports and graphs simple and quick. Those are
important features in order to overcome the ‘black
box’ perception that often is associated with com-
plex models used in commission proceedings.”

—Rick Sterling, Utilities Englneer
Idaho Public Utilities Commnssuon '
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Applications
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Sele\éf\l\\/luli\i ple Areas
- For Market Studies -

Selected Market Areas
ECAR-MECS
ECAR-Northeast
ECAR-Southwest
MAAC-PIM-Central
MAAC-PIM-East
MAAC-PIM-West
MAIN-ALTW
MAIN-NI
MAIN-SMAIN
MAIN-WUMS
MAPP-Manitoba
MAPP-Saskatchewan
MAPP-US
NPCC-ISO-NE (11 Areas)
NPCC-Canada (13 Areas)
SERC-Entergy
SERC-South
SERC-TVA
SERC-VACAR
SPP
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Features

® [Hourly Chronological Sﬁmm' |
- Multi-Area), Transmission Consiralixy .f e

Dispeftch
— Hourly, Economically Optimized Uﬁ’ﬂfm
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& Fundamental or Non-fundamenttal
Pricing
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Dispatch Ehgine Speed

e Proprietary, state of %@J@ﬁmm
@ Much faster than competitors (o«
equivalent defall | A

— [Full 8760 hour pricing run for all of

12 minutes (>5050 units, 20 areas)

= Annual pricing runs using a quality hour
sample set in under two minutes
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Risk Am@Hy_C@@p@ﬁﬂﬁﬁy

s Monte Carlo or Latin be t-reat-men of
price drivers

~ Demand, fuel prices, thermeal @utrage &
hydro generation NG «“*“F%{
= lu i S@[ﬁmplﬁﬁg distributions, er userr‘ ne@i e

s period definfion for stochasti vartables & *“
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Case Study\: Uncertainty In

~ Resource Portfolio Value

alue of Portfolio C in Yr nder ro A\ 1 O : 14 :

v :/ZIarttifli_tly (:etVYaltizeO(I)r? ;Joo%) e , T PI’OfIt at Risk”™ for time
| - | interval:

l - — 95% Confidence Level

— Worst expected.
revenue (or Ioss)\.,.:

« Absolute PAR for
Portfolio: $478,000.in
NS EEIE

l T e (5% of Occurrences)

5% of
Occurrences
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AcdditioneNzeatures

o Sophisticated but flexdble y@_r@
algorithm N

® Energy storage logic
@ Operating reserve treatment

represeniation =

o Fl@dole fuel module
e Complelie emissions logic
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- Area resource stadks

® Resource velue

- and new projiects
o Portolio velue
o [Fuel usage

& Transmission use/congeston
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for I[/O i desired

@ [Full automeation of §t&ﬂ@y setup, @ iy,
executtion control with VB Scriping  \4 s

e Complete online/contesxt sensitive helpigEsat

e Compaftible witth Windows 98 through ,&.,,,

Wm@ﬂ@wg XP
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' AURORAXmp
LMP Symposium

Transmission Analysis

Houston, Texas




-Tran_smlssmn AnaIyS|s

. AC Loadflow Equatlons
DC Approxmatlon |

« Distribution Factors

' Determlnlng Approprlate Sub-system(s) to
monltor | = |




Two Bus Example

AC Loadflow Equatlons |

Bus 1
V,, 6,

. . : _ .' - BIUS.ZT'. ' 3 :
' ‘ ’ . Lo A . V2' 52
Load 1 C ' o

Resnstance. R12 Reactance._ X12

~ Power Flow from Bus 1 to Bus 2: P, .




'AC Loadflow Equations

- 'K|rchhoff's f|rst law:

At any point i in an eIectrlcaI CIrCUIt the sum of currents
flowrng towards that point is equal to the sum of
- currents rowrng away from that point.

In power System‘analyeis we use the per-unit sy'stem to
simplify calculations. - One advantage of this is that
power and current can be treated |dent|caIIy




' AC Loadflow Equations

Resistance: R,,  Reactance:X,, -

Power Flow from Bus 1 to Bus 2: P,,

Bus 2
V,. 8,

Applying Kirchhoff's law to “Bus 1” yields:
| . G=Lj-Pp=0

Note: An italicized vafiablé such as G denotes a complex number, ie MW + jMVar . ‘

. LR ° B




~ AC Loadflow Equations

Power Flow fromBus1to Bus2: P,

. Bus 2
V. 5,

The "equa‘tion for P, o
P(MW) = V,V,(cos (5;-8,) / Ry, +sin (8,-8,) / Xyp)
Q(MVar) = (V,Vy(sin (8,-8,) / Ry, - cos (8,5,) / X15))




AC Loadflow Equatlons

'Substltutmg, we get

- G,—L,-v, Vz(cos (5, 62)/R12 + sin (6 -62)/X12) +
II\AY% (smA(é_ -0 ),/ R,, - cos (3, 62)/X12))]

| 'To solve this, we make two assumptlons at
~ the reference bus: |

| ‘V—106-00




AC Loadflow Equations
We now have: - |

Gy— L= [Vy(cos (-5,) | Ry, +sin (8,) [ X,,)
+J(Vy(sin (-8,) / Ryy - €08 (-8,) / X;))] = 0;

Gy L, » Ry, @and X, are known -

V, and -8, are unknown.



AC Loadflow Equatlons :

We have two dlfflcultles solvmg thls
formula -

1. We have one equatlon W|th two
3 unknowns,

2 The system IS non-llnear due to the sine
and cosme functlons




AC Loadflow Equatlons

AC solutlons requwe an |terat|ve process
where ° guesses are made for each
variable and improved durlng each

iteration until an acceptable error occurs.
Many methods exist and each have their
own merits, but the potentlal for non-

. convergence existsWi_th all of them.




DC Approxmatlon ) -

It would be desnrable to obtaln a closed
| form solutlon of the equatlon

. G, - L1 - [Vz(COS ( 52) [ Ryp *sin (- 62) / X12) -
. +J(V (sm (-6 )/R12-COS(6 )/X12))]

Can we make reasonable assumptlons to
S|mpI|fy this problem'? B o




DC Approxmatlon

| 'l .The flrst S|mpI|f|cat|on we make is that each
andeveryV =1.0 o "

Thrs assumptron IS acceptable for a varrety of reasons

— The operatron of the power system dlctates that V, is
tightly clustered around 1. 0 wrth a range of |
0. 95<V<1 05 | o

— There are many devrces such as generators
" capacitors, transformers etc that we do not truIy know
the status and/or voltage setpornt wrthrn that range ‘

» l




o DC ‘Anptoxim'ati'o‘n .

Next we reallze that R << X for reaI
systems and has minimal |mpact onreal
flow; thus we ignore R in our calculations.
" Then we also realize thét in a real peWer o
~ system, A6 IS usuaIIy very smaII between
| connected buses Thus:

sin(A8,) ~ A5, .
- cos(88)~ 1




DC Apprommatmn

| _Our prewous equatlon - |
- G,-L, —[Vz(cos(62)/R12+S|n(62)/X12)
+J(V2(sm(52)/R12-COS(62)/ X12))]
| reduces to: : |
- G,-L, —[10<ees+éﬁ+%—z+sm<62)/x12)
| I O(Sﬂee-é%Rﬁ eeere-é—r/xu»] |




DC ?Ap’prdximation‘ '

| Flnally, recognlzmg that we are only solvmg - |
for the real component P, we arrive at:

G (A512)/X12)— o

ThIS equation is easﬂy solved for known G,
and L at all buses.




D|str|but|on Factors

The goal of the Optlmal Power FIow (OPF) is
to find the G set that results in the Iowest
~cost for the system glven certain

constralnts These constralnts mclude

- 2G,= ZL,,

e AII operating generators operate within thelr defined
capabllltles and .
« All transmission elements of interest operate within their -

.defined capabilities .




Distribution Factors

" The Iast of these constralnts

« All transmission elements of mterest operate W|th|n their
defined capabllltles - o o

,requwes that we solve the Ioadflow We do
“not want to solve the loadflow for each =~
- possible combination of G, therefore we- 

| 'must find a ‘way to m|n|m|ze the |

- fcomputatlonal overhead




Distribution Factors

) D'is_tribution factors are a 'Ii‘.nelarized .’Se'tf of
~ values derived from the DC solution that
o jdescrlbe how the flows on a transmlssmn
- system will be affected by certaln
elements in the system |




 Distribution Factors

i Centfal

" PTDF’s (Power Transfer Distribution Factors) describe

how a change in generation or load at a given bus will

'|mpact transmission flows. For example if the

generatlon at bus 1 changed, how would the flow on the-’

‘line from bus 4 to bus 8 be |mpactec_l?



 Distribution Factors

-+ ODF’s (Outage Distribution Factors) describe howa
change in the status (openlclo_sed) of an eleme'ntvwi'll |
impact transmission flows. For example, if the line from

| ‘bus 4 to bus 8 were o'pen,.how'would the flows on the
" line from bus 3 to bus 7 be impacted?




Distribution Factors

‘By including the distribution factors in the
| OPF procefss',f we can then satisfy the
constraint that all transmission elements
- remain loaded within acceptable levels

under all configurations of interest.




Determmlng Approprlate
Sub-systems to Monitor

As dlscussed before the OPF’s goal is to

~ minimize the G, set glven certain g
constramts The approprlate selectlon of

~ transmission elements to enforce Is

 therefore critical to achieving a
reasonable solutlon proflle for G




‘Determining Appropriate
Sub-systems to Monltor
Sub-systems to conS|der

“+ Radial Imes

. Voltage (kV) classes

K Geograph!calarange







Determining Appropriate
| - Sub-systems to Monitor
| ‘Radial branches are‘brahches"'that"have "
~only one connection to the main gnd

| -(such as the radial from bus 1 to bus 2 in .
~ the example) By definition these |

branches must be adequately S|zed to
facilitate transfers to or from the main

grid. Including these branches in the OPF
~ solution will result i in unnecessary -

overhead. @ o a |

do el
ek

W |




Determlnlng Approprlate
Sub-systems to Monltor

The transmlssmn system performs two
funcuons

. Famhtate the transfer of power between reglons o
- (bulk power) and |

: Dellvers the power to dlstrlbu’uon statlons for the
end user B | |




~Determining Ap‘propr'iate |
Sub-systems to Monitor

Generally, bulk power facmtles will be hlgh voltage facmtles
usually 230kV and above. These faC|I|t|es should be "
monitored in OPF studies.

" The 138kV and below facilities are generally used to franSfer
‘power to distribution stations. These facilities often have
multiple conflgurat|ons available to the operator (such as
‘the normally open line from bus 6 to bus 10 in the
example) to ensure that service to the distribution stations
will remain unlnterrupted Care should be taken not to
over-constram the OPF here | |

WAy




| Determi‘n'ing'Ap'propriate
Sub-systems to Monltor

The geograph|c range of a solutlon should
‘--be considered when doing OPF |
solutions. The computatlonal and data-

management overhead of monitoring o
- distant systems may not be jUStlfled |
"when analyzmg a Iocal system |




Zonal Price in 2006 Real $/MWh

2018 - .

T SRR :"'W:.-* Vil wmg
Sioiout NYR AddliResoircen &
Heat Rate Capaclty (MW)

Area
7,000 . 1,000 E
7,000 600 G .
9,000 . 230 J
9,000 230 J

NYCA Zone 2012 2015 _ ‘

-0 0 T'without NYRI] With NYRI Without NYRI] With NYRI | Without NYRE] With NYRI

TA $ 60.60 $ 61.20 §$ 6769 $§ 6839 §$ 76.42 $ 73.20

B 3. 6220 $ 6330 $. 6963 $ 7091 $ 7833 $ ° 79.04

C § ~ 6318 § 6420 $ 7092 $§ 7208 § 79.86 $ 80.44

D. $ 6352 $§ 6460 $ 7135 $ - 7258 § 8043 § . 81.14.

E $ 6420 $ 6502 $ ‘7198 $ 7292 § 80.90 $ 81.51

F $ 6468 '$§ 6520 $ 7268 $ 7337 § 8215 $ 8267

G- .$% 70.72-$ 70.03 - $ 7868 $ 7767 $ 87.26 $ 8510

H $ 7213 $ 7150 $ -8039 $§ 7952 $ 88.55 $ 87.01.

1 $ 7198 $ 7145 $ 8033 $ 7961 $ 8922 $ 8824

S 7861 $ 7810 $ . 8648 $ .8567 $ 9279 $  90.82

T K. $ 7843 $ 7803 $ 8623 $ 8555 $ 92.76 $  91.05
Note: ’ ) ‘

Same generation for 2012 and 2015 pre- and post-NYRI cases.
in 2018 the following generation resources were added to both pre- and post NYRI cases to avoid load curtailment.

7|

9,000
- 9,000
9,000
9,000

Heat Rat‘e& Capaclty (MW)

9,000 °

230 G-
230 G

. 230 |
230 r
230 J




2012 Zonal Price in 2006 Real $/MWh . Name Definition

NYCA Zone Without NYRI S NYRI NoCC NYRI With NYRI Without NYRI Without NYRI Case

A $ 6060 $ 6120 § 5780 § 57.09 SameGen NYRI Add NYR! on Without NYRI Case
B $ 6220 $ 6330 $ 6176 § €023 NoCC NYRI Add Wind on SameGen NYRI Case
C $ 63.18 § 6420 $§ 6262 $ 61.08 . With NYR) Add 1000MW CC on NoCC NYRI Case
D $ 6352 § - 6460 $ 63.08 § 6147

E $ 6420 $ 6502 § 6358 § €1.91

F ] 64.68 $ 6520 $ 6379 § 6231

G $ 7072 % 7003 $§ 6946 $ 69.14

H . $ 7213 § 7150 $§ 7093 § 7046

| 3 7198 § 7145 $. 7109.% 7093

J $ 7861 $ 7810-$ 78144 § 7859

K $ 7843 $ 7803 $ 7799 3 78.38

2012 Zonal Price in 2006 Real $/MWh

[=e=without NYRI =8k=SameGen NYRI  NoCC NYRI ====With NYR! |




2012 Production Cost In 2006 Real $ (Milllons) Name Definition
[NYCA Zone Without NYRI _SameGen NYRI _NoCC NYRI __ With NYRI Without NYRI Without NYRI Case
A - $ 632543 63577 $ 603.46 [ $ 593.59 ' SameGen NYRI Add NYRI on Without NYRI Case
B $ 50.53 1% 50.70 | $ 50.49 | $ 50.25 NoCC NYRI Add Wind on SameGen NYRI Case
Cc 3 561.33($ 56429 $ . 55867 (93 552.83 With NYRI Add 1000MW CC on NoCC NYRI Case
D $ 3628198 3649 ($ 36.66 | $ 36.43 : . . '
E $ 69.65| 8 7004 1.8 70791 % 316.44 Production Cost Savings $(Millions)
F $ 1,009.75| $ 1012021 % .986.11 $ 969.30 Without NYRI - SameGen NYRI . $ 15
G $ 238.71|$ 23521 (8 21381 % 177.24 Without.NYRI - NoCC NYRI -$ 19
H $ 134408 13438 | $ 13435|$ 134.33 Without NYRI - With NYRI . $ 116
| $ 001]$ 0.01]8% 0.01|$ 0.01 '
J $ 2,43862]% 2427481% 235040 (%  2,266.35
K 3 468.54 | $ | 4584813 4442913 428.09
|Tolal $ 56404 § 56249 $ 54490 § 5,524.8
2012 Production Cost in 2006 Real $ (Millions)
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2015 Zonal Price in 2006 Real $MWh

_Definition

Without NYRI Case

Add.NYRI on Without NYRI Case -
Add Wind on SameGen NYRI Caso
Add 1000MW CC on NoCC NYRI Case

. Name

NYCA Zone Without NYRI_SameGen NYRI - NoCC NYRI With NYRI Without NYRI
A $ 6769 § 6839 § 6411 $§ 63.08 SameGen NYRI
B $ . 6963 $ 7091 § €948 .§ 67.33 NoCC NYRI
c $ 7092 $ 7208 $ 7067 $ 68.46 With NYRI
D $ 7135 $ 7258 § 7120 § 68.96

E $ 7198 $ 7292 $ 7163 § 69.33

F $ 7268 $ 7337 $ 7206 $ 69.99

G $ 7868 $ 7767 § 7721 $ 76418

H $ 80.39 $ 7952 § 7901 § 7809

] $ 80.33 § 7961 § 7932 $ 7864

J $ 86.48 $ 8567 $ 8591 $ 8584

K $ = 8623 § 8555 $ 8577 § 85.66

2015 Zonal Price in 2006 Real $/MWh
90

£75 4

s L

B0

360 +

c o

G H | J

[=#=without NYRI =8=SameGen NYRI

NoCC NYRI ====With NYRI




2015 Production Cost In 2006 Re

al § (Milllons)

Name Definition

NYCA Zone Without NYRI . S Gen NYRI -NoCC NYRI _ With NYR! Without NYRI Without NYRI Case
A $ 680.40 | $ 682.89 | $ 652.34 | $ 640.90 SameGen NYRI Add NYRI on Without NYRI Case
B $ 5162|$% 518013 51.58 |.$ 51.24 NoCC NYRI Add Wind on SameGen NYRI Cass
o $ 587.05(% 59049 | $ 586.12 | $ 576.79 With NYRI Add_1000MW CC on NoCC NYRI Case
D $ 3744 | % 3769 |8 378818 37.51 .
E $ ‘733918 7369 | % 744518 358.28 Production Cost Savings $(Milllons)
F $ -1,07829)% 1,079.12 | § 1061.03|$ 104594 Without NYRI - SameGen NYRI . $ 24
G $ 30325} % .295.72|$ 26729 (% 229.47 Without NYRI - NoCC NYRI . $ 197
H $ 13433 | $ 13430($ 13428 | $ 134.24 - Withaut NYRI - With NYRI $ 111
| $ 001|3% 001)8 0018 0.01 * : .
J $ 2,759.26 | $ 2,74710|$  2,66162|$ 256156
K $ 57724 |3 565.66 | $ 558.90 | $ 535.62
Total $ 6,202.3 § 6,258.5 § 6,085.5 $ 6,171.6
2015 Production Cost in 2006 Real $ (Millions)
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2018 Zonal Price in 2006 Real $/MWh

NYCA Zone Base Case NYRICase Change

% Change
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2018 Production Cost in 2006 Real $ (Millions)

NYCA Zono Base Case _ NYRI Case Change % Change
A $ 724.82| 8% 70852 (% (16.3) -2.2%
8 $ 53.26|% ' 5336)% 0.1 0.2%
c $ 62267 (% 624628 19 0.3%)
D $ 39431% 3991 |8 05 1.2%
E $ 4279118 43200 ( $ 4.1 1.0%
F $ 1178548 1,16564 ($ (12.9) 1%
G $ 44546 | $ 33069(% (14.38) -25.8%
H $ 13467 |8 1346118 (0.1) 0.0%
| $ 001[$ 7669 | $ 76.7 980194.8%
J $ 284975|8 263687 |8  (2129) -1.5%
K $ 643.81 1% 602648 (41.2) 6.4%
Totat $ 74203 $ 6,8056 §

(314.8) —4.4%
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This tab summarizes the overall production cost savings impact of 100% EEPS
The remaining tabs show the price and production cost savings results by
NYCA zones for years 2012, 2025, and 2018

Production Cost Savings $(Milllons)
Year Base Case 100% EEPS
2012 $° 1913 $ 194.0
2015 $ 1968 $ - 204.1
2018 § . 3148 % 1T




Zonal Price in 2006 Real $/MWh

NYCA Zona Without NYRI 100% EEPS Without NYRI With NYRI 1005 EEPS With NYRI
A $ 6060 $ . 5812 $ 57.80 $ . 55.34
B $ 62.20 $ 5982 § 61.76 $ 59.31
c $ 63.18 $ 60.76 $ 6262 '$ - . 60.15
D $ 6352 $ 6117 '$ 6308 § 60.60
E. $ 64.20 $ 6196 $§ 6358 §$ 61.23
F $ 64.68 § 6244 $ 6379 $. 61.55
G $ 7072 $ 6849 § 6946 $ 67.65
H $ 7213 § "69.94 $ 7093 $ 69.04
| $ 7198 3 6973 § 7109 $ - 69.24
J $ 7881 $ 76.80 $ 7814 $ 76.83
K $ 78.43 $ . 7657 $ 7799 $ 76.62
2012 Zonal Price in 2006 Real $/MWh
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. _Production Cost In 2006 Real $ (Millions)

WithoUt NYRI - With NYRI - $ W
100% EEPS Without NYRI - 100% EEPS With NYR $ 194

{NYCA Zone Without NYRI 100% EEPS Without NYRI _With NYRI 100% EEPS With NYRI
A $: 63254 | $ 605.71 | § 60346 | $ 574.55
B $ 5053}1$ 50.191$ 50.49 | $ 50.12
C $ 561.33($ 55161 | $ 558.67 | $ 549.04
o] $ 362819 36.12 | $ 36.66 | $ 36.52 .
E BE 69653 6879 |$ 7079 $ 7043 | Production Cost Savings §(Miltions)
F $ 100975|$ 979.11 | § 986.11 | $ 948.29
G $ 238718 180.15 | § 21381 | $ 160.93
H $ 13440 (S 13431 | 13435 [ § 134,27
i H 001($ 0018 0013 - 0.01
J $ 2438628 2245258 235040 | $ 2,159.03
K $ 468.54 | $ 42369 1% 44429 | § 398.01
Total $ 56404 $ 52749 $ 54490 $ 5,080.9
Production Cost in 2006 Real $ (Millions)
$3.000 . |
25 +=~======2= . oy it o T S o R e M el e e e
B
O f == e s mmm e s e e e EE e E é
A
$150 ==mmm== .‘__..-------___________________________
i b
“
1%
31000 4 f
1
%
St
f
A
%
D ) E F 6 H |
|ﬂlWlthoul NYRI [100% EEPS Without NYRI OWith NYRI 0100% EEPé With NYR] ]




Zonal Price in 2006 Real. $/MWh

. INYCA Zone Without NYRI 100% EEPS Without NYRI_With NYRI _100% EEPS With NYRI
A $ 6769 $ 6186 $ 6411 § © 5864

B $ 6963 § 6439 § 6948 $  64.12
C $ 7092 - % 6551 $ 7067 $ 65.17
D $ 735 § 6597 $§ 7120- % 65.79
E $ 7198 § 66.89 $ 7163 § 6637

F $ 7268 $ 6747 § 7206 $ 66.74
G $ 78.68 $ 78115 7721 8 72.59
H $ 8033 § 7498 3 7901 $ 74.36
| $ 8033 § 7503 $ 7932 % 7464
J o $ 86.48 $ 8185 $§ 8591 § 82.18
K $ 8623 % 8157 § 8577 % - 81.82

A2015 Zonal Price in 2006 Real $/MWh
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Cost In 2008 Real § (Millions)

100% EEPS Without NYRI - 100% EEPS With NYRI

NYCA Zone Without NYRI_100% EEPS Without NYRI_ With NYRI 100% EEPS With NYRI
A - $ 660.40 [ $ 627.13|$ 652.34 | $ | 591.51
B s 5162 ($ 508013 5158 | § '50.74
c s 587.05 (| $ 566.68 | $ 586.12 | $ 564.06
ja] $ 3744 |8 36.79($ 37888 a2
E $ 7339 |8 ‘71.35|8 7445($ 72.64 Production Cost Savings $(Milllons)
F $ 107829 | $ 1027.23|$ 1061038 996.31 Without NYRI - With NYRI
G $ 30325($ 17076 | $ 2672918 156.60
H $ 13433 ($ 13411 $ 134.28 | $ 134.09
| $ 0013 001§ 0.01|$ 0.01
J $ 2,759.26 | $ 2,34694.|3 266162 |$ 2,250.18
K $ 577.24 | § 466.24 | § 55690 |3 440.56
[Totat $ 62823 § 5,498.0 $ 60855 §$ 52939 .
Production Cost in 2006 Real $ (Millions)
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Zonal Price in 2006 Real $/MWh

NYCA Zone Without NYRI_100% EEPS Without NYRI_With NYRI__100% EEPS With NYRI |
A $ 76.42 § 7094 § 7320 $ 67.94
B’ $ 7833 §$ 7345 § 79.04 § 7417
c. $ 79.86 $ 7475 $ 8044 § 75.40
D $ 8043 $ 7541°§ 8114 § 76.26
E - $ 80.90 $ .7596 § 8151 § 76.70
F $ 8215 $ 7712 $§ 8267 § 77.99
G $ 87.26 § 8220 $ 8510 $ 80.69-
< [H $ 8855 § 8351 § 8701 §$ 82.14
| $ 89.22 § 8412 § 8824 $ 83.28
J $ 9279 § 88.20.§ 9082 § 85.97
K $ 92.76_$ 8822 $§ 9105 § 86.36

2018 Zonal Price in 2006 Real $/MWh
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duction Cost in 2006 Real § (Milllons)

100% EEPS Without NYRI - 100% EEPS With NYRI

[NYGA Zone Without NYRI_100% EEPS Without NYR_ With NYRI___ 100% EEPS Wilh NYRT
$  72a82[% 69442]§ 708523 671.91
B $ 5326 |8 5247 5336 | $ 52.59
c $  62267|$ 600.19[$  624.62($ . 603.10
D $ 39.43|s 3866 | $ 39.91 |$ 39.47
E $ 4279118 40434 | $ 432,00 | §° 407.82 Production Cost Savings $(Millions)
F $ 1,17854 s 112450|$s 116564 ] 1,090.61 Without NYRI - With NYRI
G $  44546(S$ 30246|$ 33069 |$ 221.21
H $° 13467]$ 13446 | s 134.61 | § 134.41
l H 001{s 001 76.69 | S 68.41
J $ 284975]$ 2439795  2636.87 |§ 2,226.74
K s esspls 51675 § 602.64 | $ 474.38
Totat $ 71203 § 53080 § _ 68056 § 5,990.3
Production Cost in 2006 Real $ {Millions)
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