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Highlights and Market Summary:
Energy Market

This report summarizes market outcomes in the second quarter of 2016.

The energy markets performed competitively and variations in wholesale pric
were driven primarily by changes in fuel prices, demand, and supply availabi

N i = A Average alin prices ranged from $23/MWh in the North Zone to $56/MWh in
v S NYC, down 4 to 23 percent in most regions from a year ago. (see slide 9)
| ';7 : ‘1 V  Capacity costs fell 9 to 21 percent in SENY zones but rose 8 percent elsewr

/ e\ which offset the reduction in LBMPs mentioned below in these regions.

1 ... A RTLBMPsfell 3 percentin the Capital Zone, 40 percent in the North Zone, ai
v to 17 percent in othareas.

V The primary driver was lower natural gas prices, which fell 31 percent in NY(
and 17 percent in Long Island, resulting largely from increasing production fr
Marcellus and Utica shales. (see slide 12)

Average load fell only 0.5 percent but peak load fell 7 percent. (see slide 11)

Hydro generation (see slide 15) and net imports from neighboring areas (se
39) rose by 550 MW combined, contributing to lower LBMPs as well.

V  However, these factors were partly offset by lower nuclear generation, whick

by over 1 GW because of lengthy maintenance outages. (see slide %(?I)()\H('
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Highlights and Market Summary:
Congestion Patterns

===l A DAM congestion revenues totaled $llion (seeslides 4553), up 30 percent
from the second quarter of 2015.

V Lower natural gas prices and reduced load levels resulted in decreased con
S < _ levels in most areas during the second quarter of 2016.

V However, transmissioautageseduced transfer capability and led to increasec
congestion irthe following areas:

- R I Across the Centratast interface in most of April and May;
I Onthe 230 kV system in the West Zone in April;
- _ i On the transmission paths from North to Central in April and May; and
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i On the transmission patirsLHV in May.

V Lower nucleageneratiorin LHV andhigher neexports tdSO-NE also
contributed tancreased congestion across the Cetiedt interface

A Congestiorprice differentials increased because of changes in the treatment
transmission shortages following implementation of the Graduated Transmis
Demand Curve (AGTDCo6P). project (see

A In the second quarter of 2016, WEshe constraints accounted for the largest
share oDA and RT congestion among all areas. POTOMAC
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Highlights and Market Summary:
West Zone Congestion

= A The pattern ofVestZone congestioaffectedby many significant market change
including (but not limited to): (see slides-30)

V (@) the implementation of GTDC in February 2016; (b) the retirements of coc
\¢ : units in December 2015 and in March 2016; (c) the implementation of a
= composite shift factor at Niagara plant in May 2016; (d) transmission upgrad
0% e May 2016; and (e) the S. Ripkunkirk 230 kV line and Warrekalconer 115
: kV line being taken OOS during most of 200Q&.

V In addition, volatildoop flowscontinuedio exacerbate congestion.
I <. A Thesechallenges increase the importance of efficient congestion managemel

V 0On 6/28, NYISO implementeenhanced loop flow assumptions that are desigt
to schedule resources more efficiently givercertaintyabout loopflows.

V Ultimately, efficient congestion management can reduce the need for transn
infrastructure investments. However, we continue to observe:

I Undekrutilization of 115kV circuits that are parallel to congested facilities,
i Inefficiently-high generation from units that exacerbate 230kkgestion,
I Undercommitment of West Zone units that relieve 115kV & 230kV congestic

I Shadow prices are not well correlated with the severity of congestion during
transmission shortages, which undermines scheduling incentives for im orte
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Highlights and Market Summary:
Capacity Market

UCAP spot prices fell in the zones in SENY but rose elsewhere from the sec
qguarter of 2015. UCAP prices: (see slides93])

V In New York City fell 22 percent to an average of $10.12/ikhth;

V Inthe GJ Locality fell 11 percent to an average of $7.22/k\ahth;

V On Long Island fell 19 percent to an average of $3.92/uvith;

V In Rest of State rose 11 percent to an average of $3.581&kth.
Average capacity spot prices fell in SENY primarily because:

V  The ICAP requirement fell 46VIW (4.7 percent) ilNYC, 117MW (2.0 percent )
in Long Island, and 109 MWO0.7 percentin the GJ Locality, because of:

I (a) Lower LCRs due partly to the TOTS projects that increased import capal
into SENY; and (b) lowepeak loadorecast.

V Anincrease of roughly 300 MW of internal ICAP supply in thd Gocality.

Average capacity sparricesrose inthe ROS primarily because of lower spot
prices in May 2015 (which resulted from high sales from NE in this month).

V However, spot prices were similar in April and June between 2015 and 201¢

I The slightly lower ICAP requirement in 2016 Q2 (reflectihg combined effects
of lower peak load forecast and a higle#) was offsetoy a similar decrease ir

: POTOMAC
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Highlights and Market Summary:
Uplift and Revenue Shortfalls

=i A Guarantee payments were $11M, down 34% from ZD25(see slides 792)
V Lower natural gas prices decreased the commitment costs-bfeghsnits; and

V  Supplemental commitments and OOM dispatches fell, attributable to lower I
AN o levels, transmission upgrades in Western NY, and NYC generation being mc
economic (relative to the rest of Eastern NY because of gas market conditio

A DAM congestion shortfalls were $25M, up $19M from 2@3. (see slides 48,5:

V Transmission outages were the primary drivever $17M of shortfalls were
assigned to the responsible transmission owners.

N ‘ V The remaining shortfalls accrued primarily on the West Zone constraints,
’ resulting largely from assumptions related to loop flows.

A Balancing congestion shortfalls were $8M, down $6M from 2Q25(see 49,53)

V Changego the modeling of the 901/903 lines in k&pril reduced shortfalls fron
RT congestion in the Valley Stream |loaoicket (relative to previous years).

V  The majority of shortfalls ($7M) accrued on the West Zone 230 kV facilities.

I $3M was attributable to the differences between DA assumptions and RT
outcomes in: (a) the operation of Ramapo, ABC, & JK PARs ($1.6M); anb€k
distribution ofoutputbetween 115 and 230 kV units at the Niagara gBhiBM).

" $4M resultedargely from assumptions related to lofipws ECONOMICS
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Energy Market Outcomes
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All-In Prices

The first figure summarizes the total cost p&Vh of load served in the New York
mar ket s by sihmowipnrgi ccehet hhaatl i ncl udes:

| V An energy component that is a leagighted average retime energy price.
AN " V A capacity component based on spot prices multiplied by capacity obligations
4 V The NYISO cost of operations and uplift from other Rate Schedule 1 charges

; i ";)’ "‘l: A Average allin prices ranged from roughly $23/MWh in the North Zone to $56/MW¥
L) New York City this quarter, down significantly from a year ago in most regions.

| V LBMPs fell 3 percent in the Capital Zone, 40 percent in the North Zone, and ¢
& N 17 percent in other areas.

I The reductions were due primarily to lower natural gas prices (see slide 12), v
were, however, offset by significantly lower nuclear production (see slide 15).

I LBMPs did not fall significantly in the Capital Zone because of increased
congestion across the CentEdst interface (see slide 51).

I LBMPs fell most in the North Zone primarily because of extreme congestion fc
total of 7 hours spread across 9 days in April and May (see slide 51).

V Capacity costs fell 9 to 21% in SENY zones. (see slide3391
i In SENY, the reductions were driven primarily by lower ICAP requirements.

i Increased internal ICAP supply was also a contributor foGH3d ocality. pOTOMA(
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All-In Energy Price by Region
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Load Levels and Fuel Prices

The next two figures show two primary drivers of electricity prices in the quar

V The first figure shows the average load, the peak load, and thethdayg peak loac
forecast error on each day of the quarter.

V The second figure shows daily coal, natural gas, and fuel oil prices.
Averageload (L7.2GW) for the quarter fell slightly (~0.5 percent) from a year &

V However, average load rose 2 percent in June, offsetting the reductions in Af
percent) and May (3 percent).

V The peak load level was 7 percent lower than last year, which had hotter wee
on several days in the month of June.

Average naturaas pricedell notably from a year ago most of East NY (e.g.,
31 percentin NYC and 17 percent in Long Island) but were little changed in c
regions. Compared to the second quarter of 2015:

V Average gas spreads between New England and East NY increased, which
contributed to higher exports to New England. (see slide 39)

V Average gas spreads between East NY and West NY fell, which led to lower
dispatch costs to manage congestion across the CEastlnterface.

V Although average coal prices (not including transportation charges) fell 19 pe

coalfired generation was still uneconomic during most of the period. POTOMA(
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Load Forecast and Actual Load
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Fuel Price ($/MMBtu)
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Coal, Natural Gas, and Fuel Oil Prices

2015Q2 2016Q1 2016Q2

—— Ultra Low-Sulphur Kerosene $16.56 $10.10 $12.63

Ultra Low-Sulphur Diesel Qil $13.60 $7.71 $9.91

—— Fuel Oil #6 (Low-Sulphur Residual Oil] $9.16 $4.83 $6.32

- == Natural Gas (Tennesse Z6) $2.30 $3.23 $2.39

—— Natural Gas (Iroquois Z2) $2.72 $2.89 $2.26

""""" Natural Gas (Transco Z6 (NY)) $2.39 $2.80 $1.65

----- Natural Gas (Tx Eastem M3) $1.58 $1.85 $1.55

— — Natural Gas (Dominion North) $1.45 $1.22 $1.47

— Central Appalachian Coal $1.73 $1.51 $1.40

e~ 7 N— e
~ P e A e ~
NI
. Vs — 1"
n o~ ——— ~ |
:—‘; =, "
+/\ 7 1\ ~a _ L~
Ll': _g\,__,_,‘\-’:‘-a-}*‘*— T O -~ ottt DT o siais
RN
April May June  POTOMA(
-12- ECONOMICS




RealTime Generation by Fuel Type

The following two figures summarize fuel usage by generators in NYCA and
impact on LBMPs in the second quarter of 2016.

A The first figure shows the quantities of riale generation by fuel type in the

AN , NYCA and in each region of New York.
[ \B A The second figure summarizes how frequently each fuel type is on the margi
] = 1 setting reatime LBMPs in these regions.
% A\ V  More than one type of generator may be on the margin in an interval, particL
when a transmission constraint is binding. Accordingly, the total for all fuel t

A N | may be greater than 100 percent.

i For example, if hydro units and gas units were both on the margin in every
interval, the total frequency shown in the figure would be 200 percent.

V  When no generator is on the margin in a particular region, the LBMPs in tha
region are set by:

I Generators in other regions in the vast majority of intervals; or

I Shortage pricing of ancillary services, transmission constraints, and/or ener
small share of intervals.

A The fuel type for each generator is based on its actual fuel consumption repc

POTOMA(
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RealTime Generation and Marginal Units by Fuel Type

= A Gasfired (46 percent), nuclear (27 percent), and hydro (21 percent) generatic
accounted for most of the internal generation in the second quarter of 2016.

| V Average nuclear generation fell by more than 1 GW from the second quartet
s 2015 because of more generation outages.

I Two units in the Central Zone and Lower Hudson Valley were out of service
monthslong maintenance during the quarter.

N\ T ] V  Average hydro generation rose 270 MW (primarily in the West Zone) from a
T ago, partly offsetting the reduction in nuclear generation.

- Coal generation continued to fall, reflecting the retirements of several coal u
W W . in theWestZone sinceéhe second quarter @D15.

V Gasfired generatiorrose in East NY (largely in response to reductions in nucl
production), mostly in Lower Hudson Valley and NYC where gas prices were
lower than in other eastern regions.

A Gasfired and hydro resources were on the margin the vast majority of time ir
second quarter of 2016.

V  Most hydro units on the margin have storage capacity and offer based on th
opportunity cost of foregone sales in other hours (i.e., when gas is marginal)

V  However, hydro units in the West Zone were on the margin less frequently ir
June, due partly to less frequent congestion on the 230 kV facilities.popo)A(
- 14- ECONOMICS
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Sub-Regioin Generation (GW)

RealTime Generation Output by Fuel Type

— Quart Average Internal Generation by Fuel Type in NYCA (GW) 21
uarter
Nuclear Hydro Coal NG-CC NG-Other  Qil Wind  Other | Total
2016 Q2 4.03 3.08 0.10 4.96 1.87 0.02 0.36 0.30 | 14.72 18
2016 Q1) 5.00 3.13 0.16 4.79 0.74 0.14 0.60 0.29 | 14.85
2015Q2 5.08 2.81 0.15 4.97 1.36 0.01 0.43 0.32 | 15.13
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Fuel Types of Marginal Units in the RealTime Market
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Day-Ahead and RealTime Electricity Prices

= A The following three figures show: 1) loakighted average DA energy prices; z
loadweighted average RT energy prices; and 3) convergence between DA a
prices forsix zones on a daily basis in teecond quartesf 2016.

\J : A Average dayahead prices ranged framughly $21/MWhin theCentral Zongo
K A $29/MWhon Long Island, dowd to 17 percent from theecond quartesf 2015.

2 V The decreases were driven primably lowernatural gas prices (see slitl2).

<[ P I Lower load levels for most of the quarter were also a contributor (see slide 1

| I However, the reductions were partly offset by significantly lower nuclear
& TR generation due to lengthy maintenance outages (see slide 15).

V Long Island exhibited the largest (17 pergeatiuction.

I In addition to lower loads and higher Neptune imports (see slide 39), change
the modeling of the 901/903 lines in laAgril also reduced the severity and
volatility of RT congestion in the Valley Stream load pocket.

V Unlike in other areas, LBMPs fell only modestly in the West Zone (1 percent
the Capital Zone (4 percent).

I Congestion across the CeniEast interface was more frequent, resulting in
higher LBMPs in the Capital Zone during congested hours. (see slide 51)

I LBMPs in the West Zone were affected by congestion through the West Zor
(which is discussed in more detail in slides/j. W—

-17- ECONOMICS
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Day-Ahead and RealTime Electricity Prices

Prices are generally more volatile in the emle market than in the deghead
market because of unexpectaants.

V  For example, from 5/30 to 6/2, LBMPs were elevated intiea largely because
AN | actual load was higher than forecast by an average of 1.5GW due to unexpe
hot weather on these days.

: l ‘ i Load was undescheduled in the DAM (90 percent of RT load on average).

Random and otherwise unforesdactors can cause large differences between
; and RT prices on individual days, while persistent differencesimiagatea

B o systematic issue. The table focuses on persistent differences by averaging ¢
J ‘ entire quarter.

V  AverageDA priceswere generally within 1 to 2 percent of averagedRées in
most areas this quarter.

A AL
T>

I Although a small average DA premium was generally desirable in a competi
market, small RT premiums occurred in some areas because large RT spike
few days(due to unexpected RT eventajtweighed small DA premiums on oth
days.

I The West Zone exhibited persistent RT premiums, although these have bee

: POTOMAC
reduced compared to prev[()ltég guarters. ECONOMICS




Day-Ahead Electricity Prices byZone

$130 | | | | | | | | |
$120 Load-Weighted Average Prices ($/MWh)
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RealTime Electricity Prices by Zone

$130 5 Load-Weighted Average Prices ($/MWh)
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a

Convergence Between DaAhead andReal Time Prices

Load-Weighted Price ($/MWh)
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Ancillary Services Market
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Ancillary Services Prices

=== A The following three figures summarize DA and RT prices for six ancillary sen
products during the quarter:

A V 10-min spinning reserve prices in eastern NY;

N\ ‘ V 10-min nonspinning reserve prices in eastern NY;
T\ V' 10-min spinning reserve prices in western NY;
& ‘L. . 1 | V Regulation prices, which reflect the cost procuring regulation, and the cost frc

;;( e moving regulation units up and down.

I Resources were scheduled assuming a Regulation Movement Multiplier of 13
per MW of capability, but they are compensated according to actual movemer

V 30-min operating reserve prices in western NY; and
V 30-min operating reserve prices in SENY.

A The figuresalso showthe number of shortagetervals in reatime for each
ancillary service product.

V A shortage occurs whenrequirement cannot be satisfied at a marginal cost le
than 1its ®demand curve

V The highest demand curve values are currently set at $775/MW.

POTOMAC
-23- ECONOMICS




Ancillary Services Prices

— sl A The differences in daghead prices between different reserve products becam
much smaller following the rule changes (Comprehensive Shortage Pricing
Project) made in Novemb&015. In the second quarter @016,

N < V The largest average differential was only $0.43/MWh (between eastenm10
‘ spinning prices and western-8tin total prices), down from $4.52/MWh last yec

I This is because the statewideBfhute requirement accounted for most of the
~l. K | ' operating reserve scheduling costs in the DAM.

V Day-ahead western 3@inute reserve prices, rose from $0.94/MWh in the secc
quarter of 2015 to $4.85/MWh in this quarter despite lower natural gas prices
load levels.

I The primary driver was rule changes that were implemented as part of the
Comprehensive Shortage Pricing project. (see slid€¥Z8r a detailed
discussion)

A The number of regulation shortages in 1@k rose significantly from a year agc

V The increase was also due to the rule changes in November 2015, which red
the lowest demand curve value from $80 to $25/MWh.

V However the average RT regulation prices f&l 10percentconsistent with
lower natural gas prices and loagels this quarter.

&, 5 A
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Day-Ahead and RealTime Ancillary Services Prices
Eastern 13Minute Spinning and Non-Spinning Reserves
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Day-Ahead and RealTime Ancillary Services Prices
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West 10- |2015Q2 $3.56 $0.88  $2.98 3
Min Spin  [2016Q2 $4.96 $1.33 $4.30 0
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Capacity|2015Q2 $7.87 $7.85  $1.73 135
2016Q2 $7.00 $7.08 $1.88 923
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Day-Ahead and RealTime Ancillary Services Prices
Western and SENY 36Minute Reserves
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West30-Min Price  Price  Diff Intervals $15§
Reserve Prices _ |2015Q2 $0.94 $0.01 $0.94 3 3
West30-min- 01602 $4.85 $0.10 $4.75 89 o0 3
_[2015Q2 $0.94 $0.01 $0.94 O a
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NYCA 30-Minute Reserve Offers in the DAM

===l A The next figure evaluates the drivers of increasemBlute reserve prices by
summarizing dayahead reserve offers that can satisfy the statewiaei@dte
reserve requirement.

These quantities include both-biinute and 3@ninute and both spinningndnon
spin reserve offers. (However, they are not shown separately in the figure)

Only offers from dayahead committed (i.e., online) resources available offline
quick-start resourceare included in this evaluation, since other resources do r
directly affect the reserve prices.

The stacked bars show the amount of reserve offers in selected price ranges
West NY (Zones A to E), East NY (Zones F to J), and NYCA (excluding Zone

I Long Island is excluded because the current rules limit its reserve contributior
the broader areas (i.e., SENY, East, NYCA) to itsr80ute reserve requirement.

i As aresult, Long Island reserve offers have little impact on NYCA reserve pri

The two black lines represent the equivalent averagaiOte reserve
requirements for areas outside Long Island in the second quarter of 2015 anc

I The equivalent 30ninute reserve requirement is calculated as NY CAnBtute
reserve requirememinus30-minute reserves scheduled on Long Island.

I Where the lines intersect the bars provides a rough indication of reserve price

. POTOMAC
(however, opportunity costs are not reflected here). RCONOMICS



NYCA 30-Minute Reserve Offers in the DAM

== A The increase in 3finute reserve prices from a year ago was primarily driven
the implementation of the Comprehensive Shortage Pricing project.

V The increase of the NYCA 3finute reserve requirement from 1,965 MW to
\ 2,620 MW; and

V The limitation on scheduling reserves from Long Island resources.

. I An average of 423 MW of 3finute reserves was scheduled on Long Island in
L KA | \ second quarter of 2016, down 183 MW from the second quarter of 2015.

V Taken together, these two factors increased the need-foird@e reserves outsic
Long Island by 840 MW (compared to a year ago).

A Increased offer prices in West NY was a contributing (yet less significant) fac

V Most reserve offers were priced between $4 and $6/MWh in the second quar
2016, while most were between $0 and $2/MWh in the same period of 2015.

V We reviewed this offer change and found no significant competitive concerns

A Theamount oflow-priceoffers rose modestly in East NY thgsarter, helping to
offset the other factors.

A RT 30-minute reserve prices are much lower than DA prices because units th
dispatchablenust have availability bids of $0 in RT.

:v‘vz_f \; 3 x>
O ANG Tt 3
{ ! o
2

o
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Day-Ahead NYCA 30-Minute Operating Reserve Offers
From Committed and Available Offline Quick-Start Resources

Average Offer Quantity (MW)
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Energy Market Scheduling
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Day-ahead Load Scheduling

The following figure summarizes the quantity of DA load scheduled as a
percentage of RT load in eachsafverregions and stateide.

V Net scheduled load = Physidailaterals+ Fixed Load + Pric&€€apped Load
+ Virtual Loadi Virtual Supply

V The table also summarizes a syst@ide net scheduled load that includes virtus
imports and virtual exports at the proxy buses.

For NYCA, 94 percent of actual load was scheduled in the DAMI(ding virtual
imports/exportsduring peak load hours in 20482, slightly lower than 20182.

V DA load scheduling in each subgion waggenerally consistentith prior periods.

Average net load scheduling tertdse higher in locationshere volatile real
time congestion is moreommon.

V Netload scheduling was generally higheNC and Long Island becaufieey
were downstream of most congestet@rfaces.

V Netload schedulingvashighest in the West Zonwartly because ofolatile RT
congestioron the West Zone 230kV system.

Load was typically undescheduled in the North Zone by a large margin prima
in response to the scheduling patterns of wesburces and imports from Canac
V In 2016Q2, large negative RT LBMPs, which were hard to predict in the DAV

occurred in the North Zone on several days, reflecting transmission outages

implementation of GTDC (see §gg_es-69). l‘}()(())l\%\i\l}é%



DA Scheduled Load (% of RT Load)
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Avg DA Net Scheduled Load (% of RT Load)
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Zone NY Zone 5 (GHI) ) K) TLosed orras) (Load Zones +
(A) (BCE) (D) Extemal )
2016 Q2| 121% 86% 38% 82% 77% 102% 108% 95% 94%
2016 Q1| 118% 90%  58% 90% 80% 100% 112% 97% 95%
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Virtual Trading Activity

The following two charts summarize recent virtual trading activity in New Yorl

The first figure shows monthly average scheduled and unscheduled quantitie
gross profitability for virtual transactions at the load zones in the past 24 mon

N V The table shows a screen for relatively large profits or losses, which identifies

} virtual trades with profits or losses larger than 50% of the average zone LBM

~l | I Large profits may indicate modeling inconsistencies between DA and RT mar|
/ A and large losses may indicate manipulation of theatsgad market.

A The second figure summarizes virtual trading by geographic region.
V The load zones are broken into seven regions based on typical congestion p:
V Virtual imports and exports are shown as they have similar effects on schedu

I A transaction is deemed virtual if the DA schedule is greater than the RT sche
S0 a portion of these transactions result from forced outages or curtailments b
NYISO or another control area (rather than the intent of the participant).

V The top portion of the chart also shows averageatenad scheduled load (as a
percent of reatime load) at each geographic region.

POTOMAC
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Virtual Trading Activity

The volume of virtual trading did not change significantly in the second quart:
2016, generally consistent with prior periods.

V The pattern of virtual scheduling was similar as well.

\ K . I Virtual traders generally scheduled more virtual load in the West Zone and
downstate areas (i.e., NYC and LI) and more virtual supply in other regions.

I This was consistent with typical DA load scheduling patterns discussed earlie

o~ / 1 \ similar reasons.
- A Overall, virtual traders netted a profit of $0.9 million in the second quarter of
2 N | V Virtual transactions were profitablgiiggestinghat they have generally improvec

convergence between DA and RT prices. (For example, profitable virtual sug
tends to reduce the DA price, bringing it closer to the RT price.)

V However, the profits and losses of virtual trades varied widely by time and
location, reflecting the difficulty of predicting volatile RT prices.

A The quantities of virtual transactions that generated substantial profits or loss
were generally consistent with prior periods.

V These trades were primarily associated with high price volatility that resulted
unexpected events, which do not raise significant concerns.

POTOMAC
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by Month

Virtual Trading Activity at Load Zones

6000
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Virtual Trading Activity at Load Zones & Proxy Buses

by Location
150%
DA Scheduled Load (% of RT Load) @ Virtual Load
100% m Virtual Supply
+ VS Profit
50% i
m VL Profit
0%
2000 Virtual Supply Virtual Load Virtual Import Virtual Export $16
Year |Cleared Proft Cleared Profit Cleared Proft Cleared Profit
1500 (MW/) ($/MWh)  (MW/h) ($/MWh)  (MWh) (S/MWh)  (MWh) (SIMWH)| o5
< 2016 Q2| 2525 -%$0.01 1236  $0.29 419 $0.24 151 -$0.05 §
= 1000 2016 Q1| 2677 $1.11 969 $0.80 481 -$0.67 155 -$0.85 8 S
2 2015Q2| 2361 $0.07 958 $1.05 643 $0.38 135  $1.98 &
< >
2 500 l! $4 2
i i o §
S a
)
O -500 -$4
-1000 -$8
AM I [AM Il AMI] (aM[a] aAMIa] aMa] [amia] lAM3] (aM[a] [aAMIa] AM]I
West entral |North | (Capitall | LHV NYC LI ntario NE PJM All
NY rimar rimary, | Other
Load Zones External Proxy
Note: Virtual profit is not shown for a category if the average scheduled quantity is less than 50 MW. POTOMAC
- 37- ECONOMICS



N : \
PN \ U
47

Net Imports Scheduled Across External Interfaces

The next figure shows averaBd net imports to NYCA across ten external
interfaces (two HQ interfaces are combinid)eak hours (B pm).

Overall, net imports averaged rougRlyp GW(serving nearlyl5 percent of the
load) during peak hourgap nearly 30MW from thesecond quartesf 2015.

Imports from Hydro Quebec am@ntario averaged roughly 2,100 MW during pe
hours, accounting for 80 percent of total imports this quarter.

V Imports from HQ rose 330 MW from 2015 Q2 due to fewer transmission outa

V Imports from Ontario fell notably from previous quarters because of {330
interface limits and West Zone congestion, which were exacerbated by
transmission outages. (see slidesA&dor more discussion)

Net imports from PJM and net exports to New England across their primary
interfaces rose from a year ago.

V These changes were generally consistent with variations in natural gas price
spreads between the three markets.

V Net imports from PIJM and net exports to NEngland were highest in April whe
spreads were also highest (NE > NY > PaMjing thequarter.

i For similar reasons, average impddd.ong Island across the Neptune Imse
roughly 170MW from a yearago. POTOMA(
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] SusiE Avg. Real-Time Scheduled Imports (MW) N
Neptune CSC 1385 VFT OH HQ PIJM NE HTP | Total
2016 Q2| 578 240 76 24 753 1352 146 -547 17 2637
2016 Q1| 618 139 30 200 1120 1279 296 -679 O 3002
2015Q2 | 411 242 108 -39 1008 1022 -240 -166 7 2353
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Intra -Hour Scheduling with PJM and NE
Coordinated Transacti on

— ==l A The next table evaluatéise performance of CTS with PJM and NE at their
primary interfaces during theecondjuarter of2016. The table shows:

V Thepercent of quartenour intervals during which the interface flows were
A\ adjusted by CTS (relative to the estimated hourly schedule).

V The average flow adjustment from the estimated hourly schedule.
V The production cost savings that resulted from CTS, including:

T~ = l \ I Projected savings at scheduling time, which is the expected production cost s
at the time when RTC determines the interchange schedule.

I Net overprojected savings, which is the portion of savings that was inaccurate
projected because of PJM, NYISO, and {88 price forecast errors.

I Unrealized savings, which are not realized due to: ajtiraal curtailment ; b)
interface ramping; and c) price curve approximation (which applies only to the

NY/NE CTS as NYISO transfers thepoint supply curve forecasted by ISCE
into a stepfunction curve for use in the CTS process ).

I Actual savings (= ProjectaddOver-projected Unrealized.

V Interface prices, which are forecasted prices at the time of RTC scheduling a
actual reakime prices.

V Price forecast errors, which show the average difference and the average ab
difference between actual and forecasted prices across the interfacegypo)i(
- 40- ECONOMICS
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Efficiency of CTS Scheduling with PJM and NE

The interchange schedulere adjusted during7 percent of all quartenour
intervals (fromour estimated hourly scheduk)theNE/NY interface, higher thar
the58 percentatthe PIM/NY interface.

V Thiswas partly attributable to the fact that the amount ofpoiwe CTS bids was
substantially higher at the NE/NY interface than at the PIMmMtfface.

Ouranalyses show th&0.8million and$0.6million of production cost savings
were projected at the time of scheduling atNIE#NY and PJM/NYinterfaces.

V However only anestimatedf $0.4million of savings were realized at the NE/N
interface and0.2 million were realized at tH&JM/NY interfacelargelybecause
of price forecast errors.

I Itis important tanote thabur evaluatiormay underestimateboth projected and
actualsavings, becaugheestimated hourly schedul@sy usingactualCTS bidg
may includesome of the efficiencies that result from the (F&cess.

I Nonethelessthe results of our analysis are still useful for identifying some of th
sources of inefficiency in the CTS process.

Projectedsavings were relatively consistent with actselings when the forecasit
errors were moderate (e.g., less than $20/)\While the CTS procegsoduced
much more inefficientesults wheriorecast errors weiarger.

V' Therefore, improvementa the CTS process should focus on identifying source
of forecasterrors. a1 F(‘()l\‘()ﬂ\f}é‘%
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Efficiency of Intra-Hour Scheduling Under CTS
Primary PJM and NE Interfaces

Average/Total During Intervals w/ Adjustment

CTS - NY/NE CTS - NY/PIM
Both Forecast| Any Forecast Total Both Forecast| Any Forecast Total
Errors <= $20| Error > $20 Errors <= $20| Error > $20
% of All Intervals w/ Adjustment 80% 7% 87% 52% 6% 58%
_ . 7 (N 10 (Net 11 (Net 10 (N
Average Flow Adustment (MW) 771(('\c§2s/s) 285 ((Icglrizs/) 73((0?:))32) 52 EGreo)sg) 125 ((G(:o)s/s) 650 ((Grggs/)

Projected at Scheduling Time $0.5 $0.3 $0.8 $0.2 $0.4 $0.6

Net Over- NY Market $0.03 $0.0 $0.0 $0.0 -$0.2 -$0.2

Production| projection by: | Neighbor Market | -$0.05 $0.0 -$0.1 -$0.010 -$0.1 -$0.2
ng/’;;g Unrealized Ramping -$0.03 $0.0 $0.1 -$0.01 -$0.02 $0.03

(% Millior) | Savings Due|  Curtailment $0.00 $0.00 $0.00 -$0.003 $0.0 $0.0

to: Price Curve $0.0 -$0.1 -$0.2 N/A N/A N/A

Actual Savings $0.4 $0.0 $0.4 $0.2 $0.1 $0.2
Actual $21.72 $46.59 $23.64 $20.22 $51.71 $23.52

Interface | NY Market
Bricos Forecast $21.71 $30.02 $22.35 $20.02 $40.76 $22.10
@Mwh) | Neighbor Actual $22.27 $24.90 $22.47 $21.25 $48.31 $24.07
Market Forecast $22.50 $19.39 $22.26 $21.84 $44.45 $24.12
Pice | Ny Market Fcst. - Act. -$0.01 -$16.57 -$1.29 -$0.21 -$12.71 -$1.51
Forecast Abs. Val. $3.13 $33.70 $5.49 $3.07 $41.75 $7.11
Errors Neighbor Fcst. - Act. $0.22 -$5.51 -$0.22 $0.59 -$5.73 -$0.07
($MWh) | Market Abs. Val. $3.63 $47.51 $7.01 $2.70 $38.76 $6.47
POTOMAC
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Congestion Patterns, Revenues, and Shortfalls

=== R The next four figures evaluate the congestion patterns in thattsad and real
time markets and examine the following categories of resulting congestion cc

V Day-Ahead Congestion Revenug® collected by the NYISO when power is
N« —— scheduled to flow across congested interfaces in theklegd market, which is
- ’ the primary funding source for TCC payments.

2 V Day-Ahead Congestion Shortfaliecur when the net deghead congestion
<l Bl \ revenues collected by the NYISO are less than the payments to TCC holders

. I Shortfalls (or surpluses) arise when the TCCs on a path exceed (or is below)
- transfer capability of the path modeled in the DA market in periods of congest

I These typically result from modeling assumption differences between the TCC
auction and the DA market, including assumptions related to PAR schedules,
flows, and transmission outages.

V Balancing Congestion Shortfabisise when dayahead scheduled flows over a
constraint exceed what can flow over the constraint in theirealmarket.

I The transfer capability of a constraint falls (or rises) from DA to RT for the sim
reasons (e.gderatingsand outages of transmission facilities, inconsistent
assumptions regarding PAR schedules and loop flows, etc.).

I In addition, payments between the NYISO and PJM related to the M2M proce
also contribute to shortfalls (or surpluses). POTOMAC
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Congestion Patterns, Revenues, and Shortfalls

The first figure summarizes daahead congestion revenue and shortfalls, and
balancing congestion shortfalls over the past two years on a monthly basis.

A The second figure examines in detail the value and frequency ey and
AN " realtime congestion along major transmission paths by quarter.

V The value of transfers is equal to the marginal cost of relieving the constraint
shadow price) multiplied by the scheduled flow across the transmission path.

V In the dayahead market, the value of congestion equals the congestion reven
collected by the NYISO.

PP %12 A The third and fourth figures show the dalyead and balancing congestion rever
- ' shortfalls by transmission facility on a daily basis.

V Negative values indicate dahead and balancing congestion surpluses.
A Congestion is evaluated along major transmission paths that include:
V West Zone Lines: Primarily 230 kV transmission constraints in the West Zone

V West to Central: Including transmission constraints in the Central Zone and
interfaces from West to Central.

0 v‘vz > \\;‘ ) b
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AN AN &
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V Central to East: The Centrahst interface and other lines transferring power fi
the Central Zone to Eastern New York. POTOMAC
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Day-Ahead and RealTime Congestion

(cont. from prior slide)

V NYC Lines: Including lines into and within the NYC 345 kV system, lines lead
. into and within NYC load pockets, and groups of lines into NYC load pockets
\ are modeled as interface constraints.

V Long Island: Lines leading into and within Long Island.

< s R V External Interfaces Congestion related to the total transmission limits or ramf
<l Bl : limits of the external interfaces.

V All Otheri All of other line constraints and interfaces.
A Day-ahead congestion revenue totaled $94 million this quarter, up 30 percen
the second quarter of 2015 despite lower natural gas prices and load levels.

V Transmission outages were a significant driver, which reduced transfer capal
and caused increased congestion in the following areas:
I Across the Centrétast interface in most of April and May;
I On the 230 kV system in the West Zone in April;
I On the transmission paths from North to Central in April and May; and
I On the transmission paths from Hudson Vallepptmwoodiein May.

V Average nuclear generation fell by 750 MW in LHV (see slide 15) and averag
exports to ISENE rose by 380 MW (see slide 39), which also contributed to

i i i POTOMAC
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Day-Ahead and RealTime Congestion

S===u A West Zone constraints accounted for the largest sha@ngestion (389BA,

28%RT, measureds a share dDA/RT congestion valueh 2016Q?2.

V There were notable changes from a year ago in the pattern of West Zone
A congestlon driven by various factors, including (but not limited to):

>
EA
Sich

o

The implementation of GTDC in February 2016. (see slide8%5

The retirements of the last Dunkirk unit in December 2015 and two Huntley ur
March 2016, which had relieved West Zone congestion (averaging ~20 to 30 |
of flow relief on frequently congested 230 kV lines in 20Q3).

The implementation of a composite shift factor at Niagara plant in early May 2
(see slides 664 for more discussion)

The addition of two series reactors on the Packardtley 230 kV #77 and #78
lines in midMay 2016, which can be used to divert a portion of flows from 230
facilities to parallel 345 kV and 115 kV facilities.

The S. RipleyDunkirk 230 kV line and Warrefalconer 115 kV line were taken
OOS during most of 201Q2 for 115kV transmission security, but these also
reduced flows on frequently congested 230 kV lines.

V Reductions of the BMS limits of frequently binding constraints averaged 10 V
in 2016Q2, down from an average of 47 MW in 26Q2, which contributed to a
substantial reduction in the frequency of RT congestion. (see slides @91&82
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Day-Ahead Congestion Shortfalls

— === A Transmission outages accounted for a large share of shdrtéades $17 million
(out of $24.6 million) was allocated to the responsible TO in 2026

V Roughly $8 million of shortfalls accrued on the 230 kV lines in the West Zone

\ B I Multiple 230 kV lines along the NiagafackardSawyerHuntley path were out of
S servicein April, accounting for roughl$3 million of shortfalls.

| I Inconsistencies between the TCC auctions and the DAM in the assumed
<[ P distribution of Niagara generation (230 kV vs. 115 lki¢tountedor: (a) $1.2
T million of shortfalls before the modeling change of Niagara plant on 5/4; and (
$1.2 million of surplus afterwards.

4 | i Of the remaining $5nillion of shortfalls, a large portion wadtributable to
| different loop flow assumptions between the TCC auction and the DAM.

V Nearly $6 million of shortfalls accrued on the parallel transmission path
(categorized as ONorth to Central b
from early to mid April and from late May to early June.

V Another $5.5 millionof shortfalls accrued on the Centezdist interface, most of
which was attributable to the following transmission outages:

I TheEdic-Fraser 34%ine wasOOSfrom late April to late May.
I TheMarcy-Coopers 34%ine wasOOSin most ofApril.

I The Ramapdrock Tavern 345 line was OOS in most of April and Mayy o)A
-48- ECONOMICS
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Balancing Congestion Shortfalls

Balancing congestion shortfalls totaled nearly $8 million in the second quarte
2016, down $6 million from a year ago.

’ A West Zone 230 k\¢onstraints accounted for the majority of shortfalls (~$7
N million), most of which occurred in June.

V Differences between the assumed distribution of Niagara generation betweer

~ l., : 1 115kV and 230 k\Vunits in the DAM and the actual distribution contributed $1.
T ET million of shortfalls.
E V Theoperationof Ramapo, ABC and JRARs contributeédnother $1.6nillion of
shortfalls.

I However, the operation generated $1.8 million of surpluses on the Ceastal
interface mostly in April and May, offsetting these shortfalls.

V Among the other factors that accounted for an additional $4 million of shortfal
unexpecteahanges in loop flowgras a key contributor.

POTOMAC
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Day-Ahead Congestion Revenue Shortfalls
by Transmission Facility

$1.2 Total
Category Shortfall ($M)
West Zone Lines
R > m Niagara Modeling Assumption $0.01
g $1.0 0 Loop Flow, Outage, & Other Assumptions $8.2
\ = B |North to Central $5.8
== = 0 O |Central to East $5.5
IR o S £ $08 = [North Zone Lines $1.1
=t ? B (Dunwodie Lines $2.1
» L A l © B |Long Island Lines $1.1
% R\ S I B [NYC Lines $1.0
- \ 0 $0.6
o & ' I |All Other Facilities -$0.2
5 c
i o
o $0.4
o
[
8
T $0.2
)
<
®
9
()]

$0.0

-$0.2 ‘

T TR HHH TR

April May June POTOMAC
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Balancing Congestion Shortfalls
by Transmission Facility

$2.0 | | | | |
Catego Total
= gory Shortfall ($M)
S West Zone Lines
A = $1.6 | Niagara Modeling Assumption $1.3
\ . = m Ramapo, ABC & JK PARs $1.6
s = = Loop Flows, Outages and Other Factofs ~ $4.0
& Central to East i
L B e o c_:cs $1.2 ] Ramapo, ABC & JK PARs -$1.8
i L T2 \l ' ) O | Outages and Other Factors $0.3 -~
g} , i \ g m |North to Central $1.1
o N x I |All Other Facilities $1.0
e S $0.8 : I
= _
Q
o
c
S |
= $0.4
c
o
C L
<
©
M $0.0 wﬂﬁy—mﬁ-
S T T T T T T T I
April May June
Note: The BMCR estimated above may differ from actual BMCR becausiégtive is partly based on redime schedules  P()T()MA(’

rather than metereealues. _53.- ECONOMICS



Operations under M2M with PJM

Coordinated congestion management
two types of coordination:
V Redispatch Coordination If one of the predefinedflowgatesbecomes
\ , congested in the monitoring RTO, the Aoonitoring RTO will redispatch its
Nl ” generation to help manage congestion when economic.

N V' Ramapo PAR Coordinatidnlf certain predefinedflowgatesbecome congested
T ‘l in one or both RTOs, the Ramapo PARs are adjusted to reduce overall cong

The following figure evaluates the operation of Ramapo PARSs this quarter, w
\ compares the actual flows on Ramapo PARs with their M2M operational targ
Qe . V The M2M target flow has the following components:

I Share of PIMNY Over Ramapd Based on the share of PJINV flows that were
assumed to flow across the Ramapo Line.

I 80%RECoLoadi 80 percent of telemetered Rockland Electric Company loa

I ABC & JK Flow Deviationg The total flow deviations on ABC and JK PAR
controlled lines from schedules under the normal wheeling agreement.

I ABC & JK Auto CorrectiorFactorsi T h e s e r payly & dW\ngenerated

from cumulative deviations on t#eBC or JK interface from priodays.
A The figure shows these average quantities over intervals when M2M constra
for Ramapo Coordination were binding on a daily basis (excluding days with
fewer than 12 binding intervals). 54 ]‘}{01\%\1\[[}&

TR
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Operations under M2M with PJM

Active Ramapo Coordination (i.e., when M2M constraints were binding) occL
in 19 percent of intervals, higher than in the second quarter of 2015.

V The increase reflected more frequent congestion across the ¢kagtahterface.

AN ol V Average actual flows exceeded the Target Flow by 450 MW, resulting in a vi
small amount of M2M payments (~$12Kpm PJIM toNY this quarter.

I The low Target Flow resulted primarily from still large cumulative negative
~l | \ deviationson the JKPARs (represented by JK auto correction).

; A The operation of the Ramapo PARs und@M with PIM has provided significar
I N benefit to the NYISO in managing congestion on coordinfidedgates.

V Thebalancing congestion surplusesultedirom this operatioron the Central
Eastinterface indicate that it reduced production costs and congestion.

V However, these were partly offd®t shortfalls,an indicationof PAR operations
that increase production costs amhgestioron the West Zone lines, which are
currently not undethe M2M JOA.

I TheNYISO improved itsoperating practice in November 2015 to limit the use
Ramapo Coordination process to periods when the NYISO does not expect
constraints in Western New York to be active

D249 ' van e .
“H \ ¥
N ) -
{ /
)
—

I Nonetheless, it will be difficult to optimize the operation of the Ramapo line

without a model to forecast the impacts of tap adjustments in RT. POTOMAC
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Actual and Target Flows for the Ramapo Line
During the Intervals with Binding M2M Constraints

% of | PIM > NY Average Flow Quantity on Ramapo PARs (MW)
1200 Quarter | Market | Payments | 80% Share of ABC Auto JK Auto AB\A%& JlK Tarset| Actual
Intervals | (million$) | RECO PJM-AC Comection Correction Deviz':iaon arget) Actua
A 2015Q4 10% $0.07 144 -178 0 -377 -23 -434 | 126
\ ‘ ‘ 800 2016 Q7 19% $0.01 115  -18 12 -200 -16 -107 | 346
n‘k_ : v ¢ / j
g'l&k\\j”*'wz —~ 400 ¢/\ \}
E
- LL 0
[
&
- 3
< -400
800 mm Share of PIM-NY Over Ramapo E380% RECO Load
EmABC & JK Wheel Deviations EmABC Auto Correction Factor
—JK Auto Correction Factor ——Actual Flow
——M2M Target Flow
-1200
o’
April May ‘ June i .
Note: This chart does not show the days during which M2M constraints were binding in less than 12 intervals. POFOM\(
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West Zone Congestion and Clockwise Loop Flows

Clockwiseloop flowscontribute to congestion on transmission path4&/estern
New York, particularly in the West Zone.

A A The following figure illustratebow and to what exteitwop flows affected
Sl congestion on West Zone 230 kV constraintthe quarter.

V Thebottom portionof the chart showihe average amount of:

i Lake Erie clockwise looflows (the blue bar); and

A

i Changesn loopflows from the prior Eminute interval (the red line) during
congested intervals in refime. The congested intervals are grouped based c
different ranges of congestion values.

I Forcomparisonthese numbers are also shown for the intervals witVest
Zone congestion.

V In the top portion of the chart,

I Thebar shows theortion oftotal congestion values that each congestion valu
group accountetbr during the quarter; and

I Thenumber in each bar indicates how frequently each congestion value gro!
occurred during the quarter.

POTOMAC
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West Zone Congestion and Clockwise Loop Flows

A correlation was apparent between the severitye$t Zone congestion
(measured by congestion value) @nel magnitude abop flows and the
occurrence of sudden changes from the prior interval.

N\ . A There was no West Zone congestion in 96.5 percent of intervals in the quarte

V Both the average amount of clockwise loop flows and the average change fr
the prior interval were low in these intervals.

25 l\\. \ A However West Zone congestiomasmore prevalent wheloop flows arose or
| happenedo swing rapidly in the clockwise direction.

= A , V  The congestion value on the West Zone constraxdtseded $50,000 in just 0.7
Bs ' percent of alintervals in the second quarter of 2016.

I However, thesetervals accounted f@8 percent of the total congestion value
the West Zone

I In previous quarters, a small number of intervals accounted for relatively larg
share of the total congestion, this has been accentuated by the implementat
the GTDC. (see slides &®)

V In these intervalsynscheduled clockwideop flows averagedearly 165MW
and clockwise changes in unscheduled loop flows avenaggdy 40MW.

POTOMAC
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Avg Clockwise Loopflow (MW)

West Zone Congestion and Clockwise Loop Flows

200
180
160
140
120
100

During the Second Quarter of 2016

40% o
35% grs
Numbers Indicate % of All 5-Minute Intervals 30% 3
For Each Congestion Value Category 2506 S
20%
15% o
|_
% u=
2.2% 23@ 5
0 0 0 0 X
I 0.7% 0.2% 0.1% 0.2% 0.2% 006
mEm | ake Erie Loop Flow (LEC) MW
== Share of Total Congestion Value
-+-5-Minute Change in LEC MW
< $10K $10K - $50K - $100K - $200K - > $300K
50K 100K 200K 300K
UnCongeste Congestion Value R
Intervals During Congested Intervals POTOMAC
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| West Zone Congestion and Niagara Generation Modelin

@8 R Transmission constraints on the 230kV network in the West Zone have beco
more frequent in recent years, limiting the flow of power towards Eastern NY

V Niagara units on the 115kV system tend to relieve these constraints, while o
S b the 230kV system exacerbate this congestion.

V These impacts are not considered optimally by the optimization engine, whic
treats Niagara as a single bus for pricing and dispatch.

p= N % l \ I Assumption before May 4, 2016: Output injected at the 230kV bus.

I Assumption sincéay 4, 2016:Output distributed among 115kV and 230kV
2 NI buses consistent with last telemetered distribution.

V  NYISO procedures still use manual instructions to shift generation among th
individual units at the Niagara plant to alleviate congestion when appropriate

A The next two figures evaluate how congestion in Western NY is affected by t
modeling of the distribution of output from the Niagara plant.

V  The first figure illustrates the impact of shifting generation among Niagara ut

I The figure shows average estimated LBMPs for the West Zone, Niagara 23!
Bus, Niagara East 115 kV Bus, and Niagara West 11Bk&/

I Additional Niagara Generation Potentiahdditional generation (in MWhs) that

would be deliverable if capability of 115kV circuits was fully utilizedPOTOMAC
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| West Zone Congestion and Niagara Generation Modelin

= _ AlthoughLBMPs at the Niagara 115 kV and 230 kuseswvere very similar wher
3 West Zone congestion was not present, LBMP differences were significant d
periods of congestion. In the second quarter of 2016:

\ \ cadis V  West Zone 230 kV congestion occurredib percent of all intervals; and

T V On average, LBMPs wef&183to $218 per MWhhigher at the Niagara 115 kV
‘ Buses than at the Niagara 230 kV Buses during these intervals

VR I Negative LBMPs suggest ovatilization of 230kV units at the Niagara plant.
A If the 115KV circuits were fully utilized by shifting output to the 115kV buses:

V  Production costs would have been reduced by an addiédrnillion in the
second quarter of 2016 (assuming no changes in the constraint shadow cos
However this does notonsider:

I Production cost savings: (a) from reducing ewtlization of the 230kV units anc
(b) from improved turbine efficiency during intervals with no congestion, and

I The capital upgradeosts required to fully optimize.

V An additionall3 GWh (or 170MW on average) of Niagara generatmould have
beendeliverable during these intervals. Thisuld have had significant LBMP
effects outside the west zone, since sudden reductions in Niagara output

sometimes require expensive generation to be dispatclisasiriNY. POTOMAC
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West Zone Congestion and Niagara Generation Modelin
LBMPs by Generator & Under-Utilization of 115kV Circuits

$160 I I I I I I |
$140 Average LBMP ($/MWh) —\West Zone
= Location CI:otngeslted NoT-Songlested —Niagara 115 W
. 2 $120 usitels e vk —Niagara 115 E
; 5 West Zone | $280.12 $18.23 Niagara 230
\\\\,': o $100 Niag 115 W| $105.11 $17.29 9
‘ % $80 N!ag 115E| $139.80 $17.35
4 ] . - |[Niag 230 -$78.39 $17.54
=N 7 > - @
&”L % l > $60
oo < —
> 5 I o
TN \ z $40 ») h
| $20 W) Y oA |/ - AL N
$0 YYYNYYTYTYNYYTYTYNYYTYTYNTNYYTTY'W,?TTYTTT’\TTYTYTTTTYTTTTTTT**\'ITTTTTTTYTTT
Production  Additional Niagara 2,500 =
Quarter | Cost Savings Generation Potential Additional Niagara 2,000 =
($ Million) (GWh) Generation =3
2016 Q2 $15 13.1 Potential 1,500 .5
1,000 5
o
500 O
T ’ .
April | May | June POTOMA(
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| West Zone Congestion and Niagara Generation Modelin

= A The second figurdlustrateshow modeling assumptions related to the system
impacts of the Niagara plant differ from the actual impacts of the plant.

V  The scatter plots shotlieimpact on constrained facilities in the West Zone:
\ H i The horizontal axis shows tfeT D m o akumedl smpact;

| + 0 e I The vertical axis reflectwhereoutput wasactually increased (or decreased) at
_ai s ‘l plant (assuming perfect dispatch performance relative to-thimbte signal).

Hence, a point on the diagonal line indicates consistency between modeled
and actual impact.

o
-—

o

AN V  The table summarizes the average absolute value for both quantities as wel
| average differential between the modeled impact and the actual impact.

A Consistency between the modeled and actual impacts was poor in both peric
which contributes to transient price volatility.

V The average differential between modeled and actual impacts was large rele
the average modeled impact. (2.3 v 2.8 MW in 2016 & 5.4 v 10.3 MW in 20:

V Under the old modeling approach, RTD generally eestimated the impacts
from re-dispatching Niagara.

V Under the new modeling approach, RTD generally wegdémates the impacts

i i i POTOMAC
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West Zone Congestion and Niagara Generation Modelin
Modeled Impact vs. Actual Impact

20
15 - i o ;
s RN R N
¢ év/ 5 A ..,°.°..’ "“
N = R T3, w2 oD
z S LN
A e 0 R b f‘:'.".
= - @ DA i LA
TR N
S $-10 R IR
g Ce
-15 )
-20 - | + :
-20 -15 -10 -5 0 5 10 15 20 -20 -15 -10 -5 0 5 10 15 20
Modeled Constraint Flow (Delta MW) Modeled Constraint Flow (Delta MW)
Average Constraint Flow Impact (Delta MW)
Absolute Value of: 2016-02 2015-02
Modeled Impact 2.8 10.3
Actual Impact 4.2 6.9
Modeled v Actual 2.3 5.4
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Congestion Management with the GTDC

== A The NYI SO | mpl emented the Graduate
on February 12 to improve market efficiency during transmission shortages.

V Efficient shadow prices facilitate efficient operations by providing incentives
A i market participants to schedule generation and external transactions efficier

Wik V Ideally, constraint shadow prices would reflect the importance and severity ¢
transmission constraint when flows exceed the BMS limit in RTD.

T~ “1 l \ I The BMS limit is used by RTD to limit flows in eachnfinute interval.

A The GTDC project changed the scheduling and pricing methodology during
| N 1 shortages. (Se2015 SOM ReporAppendix Section V.H. for details.)

V Key changes include: (a) replacing the $4000 penalty wite@ GTDC, and (b)
reducing the constraint relaxation limit adjustment from +8 MW to +0.2 MW.

A The next three figures compare market performance before and after the chs

V  The first figure summarizes shadow prices, shortage quantities relative the E
limit (adjusted for the CRM), and RT congestion value by constraint group.

V  The second figure shows this information for individuahihute intervals.

-

V  The third figure shows shadow prices and shortage quantities relative to the
seasonal limit (adjusted for the CRM) for West Zone constraints. POTOMAC
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Congestion Management with theGTDC

Shadow prices during shortages have increased since the GTDC was impler

V  This isfrom the reduced limit adjustme(#0.2MW) since most (~70%) shortag
are still resolved usinthe constraint relaxatiomethod (rather than the GTDC).

V  Constraint relaxation can lead shadow prices to be higher or lower than the GT
I InNYC & Long Island, shadow prices were generally lower than the GTDC.

I Inthe West Zone, the results were mixed (shadow prices averaged $908 v $3¢
shortages of <5 MW and $1957 v $2350 for shortages of 5 to 20 MW).
Transmission shortage quantities have fallen since the GTDC was implemen

V Higher shadow prices provide stronger incentives for external transactions (_
other nondispatchableesources) to avoid schedules that exacerbate congest

i Efficient prices provide incentives that are neither too strong nor too weak.

V However, the shortage frequency increased in NYC & Long Island partly bec
the GTDC makes RTC less likely to start a GT to manage a brief shortage.

In the West Zone, volatile loop flows and difficulty managing congestion can
operators to reduce the BMS limit below the seasonal limit.

V  BMS limits and modeled flows have been much closer te¢lasonaimits (i.e.,
higher) thisyear in the West Zone partly because the GTDC project has impr

the ability of RTS to manage flows. POTOMAC
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Congestion Management with theGTDC
Constraint Summary, 2015Q2 vs. 20160Q2

 Location of # of Average Average RT Congestion Value ($M)
Constrained Transmission| Constraint- | Shortage | Shadow Price Original Adjusted Using
Shortage Intervals (MW) ($/MWh) g GTDC Directly

Facility

2015 2016] 2015 2016| 2015 2016 | 2015 2016] 2015 2016

1928 662 0 0 | $148 $107 | $12 $3 $12 $3
924 = 487 | 27 8 | $679 $1,587| $31 @ $33 | $131 @ $32

West Zone

Y New York City 1195111171 0 | 0 | $26 _ $37 | $8 $10| $8 | $10

238 763 | 17 = 12 | $356 $484 ( $2 7 $18 $32

7198 3222 O 0 $66 = $30 | $12  $2 $12 $2
186 302 | 18 10 | $464 $293 | $2 $2 $10 $8

‘ Long Island

All Other 6074 7727 O 0 $74 = $30 | $44  $36 | $44 $36

156 177 | 15 24 | $488 $1,339 $9 $34| %27 $39

< ZI<ZI<ZI<Z2
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Congestion Management with the GTDC
Transmission Shortage Pricing2015Q2 vs.2016Q2
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