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Lennox GS Deregistration Analysis Lennox Deregistration Analysis — summary

1. Lennox Deregistration Analysis —
summary

Ontario Power Generation (OPG) has requested paition of Lennox Thermal Generation Station
(TGS) be discontinued and that all generationitaslat Lennox be de-registered by October 1,
2008, for economic reasons. This study cover&xbmber 2008 to September 2009 perad
preliminary to December 2010 and was performedéatify the impact of deregistering Lennox
TGS units on the reliability of the IESO-controllgdd to:

» Accommodate expected peak flows to the Ottawa area,
* Accommodate expected peak flows towards Torontm fifee west,

* Provide sufficient reactive resources and adequatwitrol voltages in the Greater Toronto
area, and eastern Ontario including the Ottawa area

Lennox TGS is geographically located near Kings@mtario and represents over 50% of the total
generation capacity in the Eagbne - 2200MW out of 4396MW. Lennox TGS'’s eleatiocation
provides a variety of benefits to the IESO Con&olGrid:

» Generation capacity on the load side of the coegasansmission lines converging from
the west towards Toronto (interface FETT — FlowtHasToronto).

» Dynamic voltage control for the GTA, eastern Omtami general, and specifically the
Ottawa area.

* Reliable supply to the Ottawa area.

Two previous Lennox deregistration studies indiddteat currently the Ontario system requires all
four Lennox units for reliable supply of GTA andt&va under forecast conditions. It should be
noted that no significant changes are expecteagduihie first seven months (October 2008 to April
2009) of the following term so the requirementdfil.ennox units remains unchanged. Starting
spring 2009 three major projects: Goreway StatiwhRortlands Energy Center combined cycle
operation in GTA and the Quebec HVYDC connectionesitering commercial operation which
significantly reduces the system reliance on Lenmits for GTA and Ottawa local reliability
support. This study shows that some Lennox suppaytstill be needed during summer 2009. It is
recommended to contract all four Lennox units uséiptember 30, 2009 in case there’s any delay in
commissioning the new facilities and until suffitieexperience and data accumulates to confirm that
supply reliability does not suffer if some Lennaxta are deregistered. At the present time, urtaer t
firm resources scenario and demand forecast, iogarff justification was found for extending the
Lennox RMR contract beyond September 2009. Ifetliea material change in the load forecast or
the expected resource availability, this decisidhlve reviewed.

The combined data from January 1, 2005 to Marcl2@67 used for the previous analysis indicated
that Lennox units were in service, supporting systeliability for 4495 hours, (23% of the time)
with the plant at full capacity (4 units) for abatit7 hours (almost 4% of the time). Data from March

! East zone - as defined by the ten zone modeleoBifitario system (see Figure 1).

Issue 2.0 — September 15, 2008 Public 1



Lennox Deregistration Analysis — summary IESO_REP_0516

16, 2007 to July 10, 2008 shows that Lennox unégevin service for about 2688 hours (23% of the
time), with four units in service for 113 hours (I¥the time).

This current analysis considered the demand foteaeailability of hydro-electric generation and
outage plans registered with the IESO to dateubfighed on the Q2-2008 18 Month Outlook and a
preliminary forecast for the Ottawa zone endingddeiger 31, 2010. The results show that all 4 units
at Lennox are required for the purposes of religlduring the period Oct 2008 to Apr 2009. The
new generation capacities at Goreway Station amidbiads Energy Center, scheduled to go in
service in spring 2009, are expected to signifiyareduce the requirement for Lennox to control
flows from the west towards Toronto. The Hawtham&uebec DC connection can be used to
control the flows into the Ottawa area but whend®livering energy it does not offer the same
voltage control capability in eastern Ontario deafvely as Lennox. It should be noted that under
reliability must run contract Lennox generation &eify is available when needed to control eastern
Ontario voltages and support high flows into Ottawhile presently the planned resource scenario
does not rely on imports to satisfy internal religbrequirements.

Under the current limit structure, the transferatality to the Ottawa area is dependent on the
number of Lennox units in service. More than twdsiare required to realize additional benefits by
arming local load rejection. Extreme weather coadg in the Ottawa area can result in an FIO (Flow
Into Ottawa) as high as 1950MW and under certatagriconditions may require all four Lennox
units and at least 150 MW of load rejection arnre@itawa to reliably supply the zone. The
operating documents currently in force only all@ad rejection in Ottawa to be armed if Lennox
units are synchronized to the grid. A review afgh operating limits to recognize the new
connection to Quebec and its associated faciigiespected to result in an improvement in the
transfer limit and the effectiveness of allow argof load rejection in Ottawa when all Lennox units
are disconnected from the grid. As a result, Lersupport may no longer be required beyond
September 2009 to reliably supply the Ottawa zbsafficient load rejection can be armed.

— End of Section —
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2. Conclusions and Recommendations

2.1 Conclusions

From March 16, 2007 to July 10, 2008 Lennox unjitsrated for 2688 hours (23% of the time), with
all four units in service for 113 hours (1% of tirae). During this time the plant supplied aroud® 9
GWh of electricity to the Ontario grid.

The data shows that Lennox units supported the RBiTZ28 (2% of the time). During this period all
four units were required for FETT control for ab8utours (0.1% of the time). This happened in a
period of fairly mild summer weather when Torontme demand didn’t reach the highest possible
peak. Previous years experience shows that Lenrmgpost becomes more critical as the weather
approaches extreme. The new generation capaaiti@ereway Station and Portlands Energy Center,
scheduled to go in service in spring 2009, are ebgokto substantially reduce the requirement for
Lennox to control flows from the west towards Tdmrbut their combined capacity (1425 MW)

does not completely replace the Lennox capacity.

The Lennox units are providing key support for ioying the transfer capability to reliably supply
the Ottawa zone. Without Lennox support about 25 {4t maximum) of pre-contingency load
reduction would have been required in the OttawaeZor up to 54 hours in the period March
16/2007 to July 10/2008.

The transmission enhancements associated withiaemd HVDC connection with Transenergie
expected to go in service in spring 2009 is expewaeduce reliance on Lennox for Ottawa supply.
The last five months of the new term will provideetul information to understand how much support
the Ottawa area gets from the new facilities i tieze operations.

2.2 Recommendation

It is recommended to contract all four Lennox ufriesn October 2008 to September 200@ring

the first seven months Lennox is expected to glaysame role as before. The last five months cover
summer 2009 with potential high demand periodsaromto and Ottawa and September with its
possible lower demands but traditionally a highenhber of planned outages scheduled. Allowing for
this RMR to overlap the planned in-service datehefnew facilities will insure against potential
delays and to confirm their reliable operation vhhie consistent with the IESO principle of ensuring
new facilities are operationally robust before #rgsfacilities are potentially replaced. Under the
current firm resource scenarios and demand forgicasifficient justification was found for

extending the Lennox RMR contract beyond Septerdb@®. If there is a material change in the load
forecast or the expected resource availability, tigicision will be reviewed.

— End of Section —
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3. Introduction

3.1 Purpose

This study was performed to identify the impactaifring Lennox TGS units on the reliability of the
IESO-controlled grid to:

» Accommodate expected peak flows to the Ottawa area,
» Accommodate expected peak flows towards Torontm fifee west,

* Provide sufficient reactive resources and adequatwitrol voltages in the Greater Toronto
area, and eastern Ontario including the Ottawa area

3.2 Scope

The study assessed the need and identified thditsesferetaining Lennox GS for the period October
2008 to September 2009 and based on preliminaayugato the end of December 2010. This
document outlines the technical considerationsigfdtudy, the benefits of Lennox TGS for the local
area reliability, for reducing the congestion of[HHFlow East To Toronto) and the role of Lennox
GS in providing reactive support and reliable sypplthe Ottawa zone loads.

The study also provides a detailed analysis ofatjmral data from March 16, 2007 to July 10, 2008.

— End of Section —
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4.

Major Assumptions

This study covers the period October 2008 to Seip¢er2009 and preliminary up to December 2010,
and assessed the following conditions:

Extreme weather demand forecast for summer 20Q8ylaisshed in the latest 18 Month
Outlook, preliminary forecast for Ottawa zone te #nd of 2010;

All existing and committed generation and transimisprojects in service.
Generator outage plans as registered with the ©Sfate.
Hydro-electric generation availability forecastpes the latest IESO 18-Month Outlook.

Typical FETT limit of 4900 MW during the summer @ocount for transmission outages)

Operation of the IESO-controlled grid is illustrdtiey the ten-zone model shown in Figure 1 below
(Ontario Zones, Interfaces and Interconnections).

Ditehn ef— HOTCRREST Hortheast.
(PAE) 660 HVT | EWTE 1322 MO
675 MWT 1331 MW e i
250 W 2240 MV
EWTOT
(PAR)
_ ]
B2
Bruce Eesn Ottaw,
60 M7 1472 M 1906 MT
5 BT 1577 MO 1969 MW S
4900 MY T4 WWT 60 M (DT - fanme)
FARC  — s 20
{Eadial)
] L4} FIO
MELI FEIT CLAS
ELIY
West Sonthrmrest Tarorite Enst
3066 HOA 4992 HPT 9715 IR | 1514 MO
Michizan wie— 5o o S v 10329 MW7 1618 BT [ Chuchiec
3500 M7 7090 MW 3300 MW Fadial
(TAR) 4300 MW TEC r )
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Eetreme wreather peak demard Q61 AT
Cramaration - Lamox IS 1056 ey i}y Vork:
{Cemeration ) - Lerme 045 1675 MET

Figure 1: Ontario Zones, Interfaces and Interconnetions®

This analysis was performed to determine the impade-registering Lennox units on the transfer
limits of the FETT and FIO interfaces. The simuas were performed for the summer peak extreme
weather demand forecast, with zero imports intadtasOntario from Quebec and zero flow at St.
Lawrence. The results of these simulations werepewad against pre and post contingency limits of
the FETT and FIO interfaces. With all elementsdrviee the pre-contingency flows were checked
against continuous ratings and grid transfer lingtsst-contingency flows were checked against long-

2 Generation values are based on the most likepattit for summer 2009 extreme weather peak demand.
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time emergency ratings. With one element out ofiserthe pre-contingency flows were checked
against long-time emergency ratings.

Under the current limit structure the FIO limit da@ improved by 150 MW if two Lennox units are
in service. Subsequently, the FIO limit may beHartimproved by another 150 MW if the remaining
two Lennox units are in service and an equivalemunt of load rejection is armed in Ottawa. Itds t
be noted that under the current limit structurellogection in Ottawa helps improve the FIO limit
only if more than two Lennox units are in servi€his limit improvement can provide a safe margin
while transmission elements are taken out of serfac maintenance.

— End of Section —
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5.  Operational data analysis

5.1 General information

The previous Lennox de-registration analysis lockethe data starting January 01, 2005 to March
15, 2007. This study collected information from ktad6, 2007 to July 10, 2008 following the same
rationale as the previous studies.

The generation availability of the main units l@zheast of FETT is summarized below:

Table 1: Major generation availability:

Number of hours

Number of units| Lennox % Pickering % Darlingtpn %
1 2010| 17.3% 0 0.0% D 0.0%
2 382] 3.3% 244 2.1% D 0.0%
3 183| 1.6% 1936 16.7% 437 3.8%
4 113 1.0% 3942 34.0% 11153  96.2%
5| N/A N/A 3171 27.4% N/A N/A
6 | N/A N/A 2229| 19.89%4 N/A N/A

Total 2688| 23.0% 11592 100.0% 11592 100.0%

Total hours = 11592

During this time period the Ontario demand exce&#00 MW for 1381 hours representing 11.9%
of the time. Lennox units were in service for 1@@@hese hours, which would represent 30.6% of the
total number of hours Lennox units were in servidee rest of the time Lennox operated while the
Ontario demand was below 20000 MW indicating thatunit's support is not only required during
high demand but during a vast variety of operatiogditions::

Generation east of FETT - March 16, 2007 to July 10, 2008
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Figure 2: Pickering, Darlington and Lennox - output

The support of Lennox units was required durings@lisons to maintain the grid’s reliability when
units at Pickering, Darlington or transmission edes were taken out of service for maintenance.
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5.2 Capacity for Congestion Control — Interface FET T
(Flow East To Toronto)

Figure 1 shows that from the transmission systerspeetive interface FETT is connecting two
major regions of the province: First region locatexbt of FETT contains 36% of the load and about
50% of the existing generation. This region alsengzts to Ontario’s main external energy sources
in Michigan and New York. The second region, sidatast of FETT has 64% of the total province
load and 50% of the generation. The previous Lem@registration analysis indicated that northern
hydro-electric generation contribution (reflectadhe Flow South level) decreases over consecutive
high demand days due to increasingly reduced W&tels. This can change the balance of
generation east vs. west of FETT by about 400 @NSW/. Another problem that directly impacts
FETT flow is that Pickering over the last few sumgiead at least one unit unavailable for extended
periods. As a result, the available generation@aSETT can at any time be almost 1000 MW lower
than Figure 1 shows. The following table compamsegation and load in these two regions under
different assumptions, with Lennox in service (eutrsituation), with Lennox out of service (and
partially replaced by Goreway Station and Portla&dsrgy Center — summer 2009) and this last
scenario for low Flow South and one Pickering digesvice.

Table 2: Load and Generation comparison West vs. Baof FETT

(MW) West of FETT East of FETT
Demand Generation Load/Generation Demand Generation | Load/Generation
With Lennox 9930 14375 69% 17999 14384 125%
Without Lennox 9930 14875 67% 17999 13744 131%
Low Pickering and FS 9930 15875 63% 17999 12744 141%

The balance of power changes in such a way thafF&W increases. The following figure

compares the FETT spare capacity, calculated dsnimus flow and the same quantity adjusted to
discount Lennox output and imports from QuebecSind.awrence. The adjusted spare capacity goes
negative for 228 hours indicating that without Lermgeneration (and imports) east of FETT, load
reduction measures in GTA may have been requiredrtrol the flows:

FETT spare - Mar 16:07 to Jul 10/08

1} n 20 30 40 S0 B0 70 &0 30 00 M0 120 130 MO0 150 60 W 180 130 200 20 220 230 240 B0 260 270 230 230 300

Hours

| e FET T spate [limit-flow] =——=FETT spare - Lennog output - Guebe ¢ impart |

Figure 3: FETT spare — Mar 16/07 to Jul 06/08
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Previous assessments show that Lennox supportaqased mostly during the warm season when
the demand is high mainly due to air conditionedian southern Ontario. The data from March 16,
2007 to July 10, 2008 also confirms that Lennox used when Toronto demand was high,
especially in the above 8000 — 9000 MW range:

Lennox output vs. Toronto demand

23500
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L I e e e LD e e e e

. . ] i
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Figure 4: Lennox MW dependency on Toronto demand

During this period Toronto zone demand exceede® 80 for 92 hours. The reliance on Lennox
for Toronto supply is quite obvious taking into sateration that summer 2007 was fairly mild.

5.3 Dynamic Voltage Control for GTA

The high demand period also requires most of thetirge support that generators can provide.
Analysis of the new data shows that Lennox suppesd required for a demand range in the Toronto
zone starting at about 5000 MW and going up tartagimum. The capacity of all units was required
for demand higher than 9000 MW:

Lennox reactive output vs. Toronto demand
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Figure 5: Lennox reactive output as a function of dronto demand
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The reactive support from Goreway Station and Rod$ Energy Center will be provided, from a
transmission system perspective, right where #sded. In the event that there are material @sng
to the expected in service dates or availabilittheSe new facilities, or to forecast demand oeoth
material factors, the need for Lennox will be rexéel in early 2009.

54 Reliable supply to Ottawa

Lennox units also assisted in maintaining a rediaipply to Ottawa. The generation is effective in
controlling and maintaining voltage for the Ottasraa loads during high demand periods or if
transmission elements are out of service for maariee.

For the second year in a row Ottawa reached theektgpeak in summer (2007 & 2008) instead of
winter (2007-2008).

Ottaw a demand March 16, 2007 to July 10, 2008
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Figure 6: Ottawa demand from March 16, 2007 to July10, 2008

Due to the nature of the loads causing the pealkgaditioners in summer versus lights and heating
in winter) high summer demands require more readiypport. Figure 6 also shows that daily
demand variations in summer are significantly neyneamic than winter.

Ottawa demand, over this period aligns quite wéthwhe Ontario demand, which is known to be
highly correlated to the demand profile of south®mntario:

Ottawa vs. Ontario demand - March 16, 2007 to July 10, 2008 Ottawa vs. Ontario demand - March 16, 2007 to July 10, 2008
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Figure 7: Ottawa zone demand compared with Ontarialemand
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Operational data analysis

Ottawa demand represents anywhere between a minoh&fb up to maximum 8% of total Ontario
demand, too small to influence the overall profifegure 7 left shows how Ottawa profile (magnified
10 times for better visibility) follows closely tf@ntario demand. The right graph shows Ottawa
correlation with Ontario demand, confirming thathinm certain limits Ottawa behaved very similar

with southern Ontario.

Ottawawvs. Toronto demand - June 2007 to July 2008
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Figure 8: Comparison of Ottawa and Toronto zones deand

Further on, figure 8 shows how Ottawa (scaled vgethimes for clarity) compares against Toronto
zone demand from Jun 2007 to July 2008. This shbatshasically both zones (local areas) may

have required Lennox support almost simultaneously.

From March 16, 2007 to July 10, 2008 the Flow i@ttawa (FIO) required Lennox support for up to

four units for 54 hours:

FIO spare Mar 16, 2007 to Jul 10, 2008 (lowest 100 howurs)
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Figure 9: FIO spare from March 16/07 to July 10/08

The graph shows that without the Lennox improventieat~IO transfer limit would have been

exceeded for up to 54 hours and may have requigatireduction measures to be implemented.

The reactive support from Lennox was also requii@ihg high demand periods in Ottawa:
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Lennox reactive output vs. Ottawa demand
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Figure 10: Lennox reactive output vs. Ottawa demand March 16, 2007 to July 10, 2008

Without Lennox support up to more than 250 MW (aimum) of load reduction may have been

required in Ottawa zone.

— End of Section —
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6. Analysis of 2009 forecast

To identify the future need for Lennox TGS durihg period October 2008 to September 2009 and
potentially up to the end of 2010, this sectionewss the most significant factors affecting the
reliability need for Lennox to:

» Accommodate expected peak flows to the Ottawa (@ebable Supply to Ottawa);

» Accommodate expected peak flows towards Torontm filee west over the FETT (Flow
East To Toronto) interface;

* Provide sufficient reactive resources and adequatwitrol voltages in the Greater Toronto
area, and eastern Ontario including the Ottawa area
These factors are:

» Extreme weather peak demand forecast for the stadgd;
* Hydro-electric capacity and energy availability fbe study period;

» Availability of major generators east of Torontagluding Pickering, Darlington, and
Lennox;

* Imports into Ontario.

Some of these aspects were mostly covered in Ra@erational data analysis and the previous
Lennox TGS deregistration analysis for the periatoBer 2006 to September 2007 and October
2007 to September 2008. The analysis of 2009 ezlohpnary 2010 forecast focused on expected
changes over the current study period.

6.1 Capacity to Control flows from the west on FETT
(Flow East To Toronto) and Dynamic Voltage
Control for GTA

The previous Lennox GS deregistration analysisgmat 2007 to September 2008), indicated that all
four Lennox units were required to reduce the cetige over the transmission interface located west
of the GTA and ensure reliable supply for Torome@eawvhich was subsequently confirmed during
operations.

A comparison of the major factors in the previond present report reveals:

The latest forecast for 2008 indicates an extremather demand of 10829 MW for the Toronto
zone, which represents an increase of 157 MW atimvdemand forecast of 10762 MW used in the
previous Lennox analysis. The total Ontario demfan@009 is forecast to go as high as 27930 MW
under extreme weather conditions, which represed®6 MW increase over the similar 2008
forecast (27824 MW).

There are no transmission reinforcements schedatatie FETT interface over this study period so
the increase in forecast demand in the Torontowileacrease the requirements for MW flow into
the area, and increase the need for voltage cdnttbé area; both factors will require increased
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reliance on Lennox. During the first seven monththe following term no changes that can affect
the results of previous studies are expected. dheng in service of Goreway Station and Portlands

Energy Center will replace almost 68% of Lennoxrdbe last five months of the period and beyond,
but the difference should still come through FETT.

Northern hydro-electric generation helps reduciBJ F. The previous analysis showed that due to

reduced water levels its contribution decreasesitdsvthe end of the summer. The current data
shows the same tendency:

Flow South (F$} March 16, 2007 to July 10, 2008
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Figure 11: Flow South (FS) from March 16, 2007 touly 10, 2008

All previous studies assumed a Flow South valugboiut 1000 MW based on the hydro electric
forecast. Historical data analysis shows that¢hisbe achieved for short periods of time and if
required on consecutive days a number in the @®00 to 700 MW can be counted on for the
second or third day of a potential heat wave. Hegence also shows that demand tends to increase
during the second and third day of a heat waves fidduction of hydro-electric output in

combination with increased demand may call for niemenox support to control FETT.

As of now, there are no planned outages of Picgarmits planned for summer 2009. Historical data
analysis indicates that at least one Pickeringwa out of service at any time during the summer
indicating there’s a fairly high possibility to h@ene Pickering unit out in summer 2009 too.

The new generation east of FETT scheduled to genvice about half way through the current study
period:

» Goreway Station — 875 MW, expected in service M&@H9
» Portlands Energy Center — 550 MW, expected in serdune 2009

are adding 1425 MW to the Toronto zone (east of HEThis falls about 650 MW short compared to
the total Lennox output, so this difference mushedrom west of FETT where the new capacities at
Greenfield Energy Center and St. Clair Energy Geniktbe up and operational.

The following simulation results shows how FETT aadnponent circuits flow may change due to
this difference in output:
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Table 3: FETT - replacing Lennox with Portlands andGoreway

Interface  Lennox I/S (MW)

Lennox O/S (MW) ChangeMy! Change (%)

FETT 3875 4471 596 15%
- M570V 319 477 158 50%
- M571V 319 477 158 50%
- V586M 569 704 135 24%
- B560V 1090 1184 94 9%
- E8V 37 60 23 63%
- E9V 37 60 23 63%
- R14T 392 401 9 2%
-R17T 392 401 9 2%
- R19T 359 352 -7 -2%
- R21T 362 355 -7 -2%

The main benefit of the new plants consists inrtloiation: by generating inside GTA, instead of
more than 200 km east of GTA as Lennox does, thegducing the transmission losses in and
around the Toronto zone. The calculated lossdsambronto zone only, under these specified
conditions, are 142 MW with Lennox and 135 MW w@lbreway Station and Portlands Energy
Center in service. In this particular example, loseahe energy difference has to travel over a more
congested area, the overall system losses arasiogefrom 810 MW with Lennox in service to 840
MW with Lennox out of service (and Portlands Ene@gnter and Goreway Station in service).

To properly determine the impact of this capaciffedence the data from June 2007 to July 2008

was revised to incorporate the following changes:

 FETT was proportionally increased with the foreGastonto demand (only), considering

that summer 2009 will be similar to 2007;

» Portlands Energy Center and Goreway Station (P&Spsgailable at any time, their output

represents a MW for MW FETT reduction;

» Zero imports from Quebec (all circuits) and New K ¢ait St. Lawrence).

FETT spare - assumption for this study period based on Mar 16/07 to Jul 28/08 data
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Figure 12: FETT 2009 forecast

With Portlands Energy Center and Goreway Statiagemice FETT control could be necessary for
about 20 hours. A projection for 2010 is expecteld fairly similar to 2009 except the number of
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hours requiring Lennox support may slightly inceedsie to the expected demand growth but can

also decrease if the summer is milder compare®@3.2

Figure 3 section 5.2 shows that Lennox supportregsired to respect the FETT limit 228 hours.

Most of these hours were during the summer and slurieg fall/winter:

FETT spare (-QC-NY-Lennox) - June 2007 to July 2008
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Figure 13: FETT spare from June 2007 to July 2008

The period from June 2007 to July 2008 was seldotetthis graph to allow for consistent revision of
numbers over the similar period of 2009 when al¥ feecilities mentioned in this report are supposed
to be in service. Considering that Portlands En€ggter and Goreway Station are both available the
projected FETT spare for summer 2009 would chaogespondingly (values capped at 6000 MW):

FETT spare {-QC NY-Lennox+P&G) - summer 2009 forecast
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Figure 14: FETT spare summer 2009 & 2010 based o®@7 & available 2008 data
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Figure 14 shows that for FETT control may stillrbarginally required during summer 2009. If
summer 2010 is as mild as 2008 FETT control malpnger be required post September 2009.
FETT control within the same limited number of houray be required if summer 2010 is more
similar with summer 2007:

FETT spare (-QC-NY-Lennox+P &G) - summer 2009 & 2010 forecast
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Figure 15: FETT spare summer 2009 & 2010 based o®@7 data

Additional to the resources already mentionedping 2010 Halton Hills GS is scheduled to go in
service. The presence of this plant will bridge dlgout gap between Portlands Energy Center plus
Goreway Station and Lennox. As a result Lennox m@ajonger be required for FETT control during
summer 2010. Unexpected changes in the local respavailability or demand forecast may trigger
the need for additional studies to re-assess thgrement for Lennox past the end of the current
term.

6.2 Reliable supply to Ottawa

Under the current limit structure the Lennox uciés be used to improve the FIO limit by up to 300
MW. The first two units help improve the limit byp MW each, adding to 150 MW when both units
are in service. Further improvements can be ohddiyearming load rejection in Ottawa with support
from the other two Lennox units. For each unitta@5 MW of load rejection can be armed which
would improve the limit by another 150 MW. This imgement may be needed to reliably supply
Ottawa demand when transmission elements are takesf service for maintenance. This limit
structure is expected to change in anticipatioooofimissioning the new HVDC connection with
Hydro Quebec and its associated facilities.

The following table compares pre-contingency anstqgontingency voltages at several buses at
Ottawa (including Lennox) for several different@sptions. For the purpose of this study the most
limiting single-element contingency is normally tlbes one of the Lennox to Hawthorne 500 kV
circuits X522A, or X523A.

Scenarios:
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1. Lennox in service and at full capacity;

2. Lennox out of service, Goreway and Portlands iniser

3. 150 MW load rejection armed in Ottawa for scenati@nd 2;
4. 300 MW load rejection armed in Ottawa for scenati@nd 2.

All scenarios assume the new Hawthorne capacitosefivice with no flow on the DC line in or out
of Ontario for consistency.

Table 4: Post X522A contingency voltage deviatioromparison

Scenario: 1 2 3 4 1->2 3->4

Bus name: kV kV kV kV kV % kV %
HAWTHORN 500.00 546 527 546 523 18 3% 24 4%
HAWTHORN 220.00 248 245 248 245 3 1% 3 1%
HAWTHORN 118.05 126 125 126 125 2 1% 2 1%
MERIVALE 220.00 246 243 246 243 3 1% 3 1%
MER A1D1 118.05 123 122 123 122 1 1% 1 1%
MER A2T2 118.05 127 125 127 125 2 1% 2 1%
LENNOX  500.00 545 540 545 533 6 1% 12 2%
LENNOX  220.00 249 247 248 245 1 1% 2 1%

Scenarios:

1. - All elements in service, Lennox in service, Gaagvand Portlands out of service

2. — Post X522A contingency (post-tap change), Lerinservice, Goreway and Portlands
out of service

— All element in service, Lennox out of servicer&way and Portlands in service

— Post X522A contingency (post-tap change), Lermaof service, Goreway and
Portlands in service.

The post contingency values in table 5 were takiem ansformer automatic under-load tap changer
action. The calculated post-contingency voltagaat®n in both cases is within acceptable limits.

The IESO planning criteria requires that the maxmacceptable pre-contingency power transfer
must be the lesser of:

» A pre-contingency power transfer that is 10% lotixan the voltage instability point of the
pre-contingency curve and

» A pre-contingency transfer that results in a pastinigency power flow that is 5% lower
than the voltage instability point of the post-dngéency curve.

Table 4 base cases were used to generate theiful® curves:

18
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Hawthorne 500 kV bus voltage - Lennox in service
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Figure 16: Hawthorne 500 kV P-V curves - all elemds in service

Both scenarios show sufficient margin to allowable supply of the expected demand forecast,
although the post contingency reserve with Lenmoseirvice (99 MW) is about twice as high as
without Lennox (51 MW). The Ottawa peak shown iig imalysis is the highest forecast published in

the latest 18-month outlook.

This post contingency reserve is rapidly consurhede element is out of service for maintenance.
The following example shows the impact of L24A fr&n Lawrence to Hawthorne:

Hawthorne 500 kV bus voltage - Lennox in service
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Figure 17: Hawthorne 500 kV P-V curve - L24A out ofservice

Figure 17 shows that the 5% post contingency @oites no longer satisfied in both cases. With
Lennox in service this criterion is exceeded byWdd/ and with Lennox out of service by 139 MW.
The simulation shows that the criterion is excedued lesser amount with Lennox in service than

without Lennox.

The Ontario Resource and Transmission Assessméatig@rsection 7.1 — Load Security Criteria
allows for up to 150 MW of load rejection to be aahif two elements are (expected to be) out of
service. Load rejection exceeding 150 MW is periisonly to account for local generation
outages. There is very little generation in Ottand for these simulations it was all considered in
service. The total amount of load rejection that lsa armed in Ottawa adds to about 815 MW:
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Table 5: Load rejection availability in Ottawa zone

Station hame Peak load (MW)
Nepean 120
Albion 125
South March 95
Lincoln Heights 60
Hawthorne 110
Overbrooke 95
Russell 50
Longueuil 85
St. Isidore 75
Total 815

The current operational documents only permit llagection in Ottawa to be armed when Lennox
units are synchronized to the grid and the maxiraamount of load rejection that can be armed is 300
MW when all four Lennox units are in service. Agault, under the current limit structure, the load
rejection improvement with Lennox out of servicewh by the following figures can only be taken
advantage of in real time operations if the lintitisture is revised. For consistency, the simutetio
were performed with 150 MW and 300 MW load rejegtio

Voltage (P.U)

1.15

Hawthorne 500 kV bus voltage - Lennox in service
L24A out of service, 150 MW LIR

1.05

2438
I

0.95

— :
i S

0.85

2077
1
I
\JI\
I
I
1

|
|
1] 1
N 1
| I
1 1

075

1500

2000

2100 2200 2300 2400 2500

Ottawa load (MW)

2600 2700 2800 2900

Voltage (P.U1}

Hawthorne 500 kV bus voltage - Lennox out of service
L24A out of service, 150 MW L/R

115

2029 115 2168
2347
] | I
1.05 [} L 1
1 T |
i | \'\
. | < |
1 I~ |
1 I \\ I T
nes 1 ! \ I
07s

1800 2000

2100 2200

2300

2400 2500
Ottawa load (MW)

2600 2700

2800 2900

Pre X5224
— — 5% post

Post X522A
— — 5% post + LR

Post X522A + LR — — 10% pre
Ottawa peak forecast

Pre X522
— — 5% post

Post X5224
— — 5% post + /R

Ottawa peak forecast

Post X5224 + R — — 10% pre

Figure 18: Hawthorne 500 kV P-V curve - L24A out ofservice, 150 MW L/R

The criterion is not satisfied even if 150 MW ohtbrejection is armed in Ottawa. Figure 18 shows
that with Lennox in service the highest load ina@# is just 6 MW above the limit while with
Lennox out of service the limit is exceeded by 58/M

Voltage (P.U.)

1.15

Hawthorne 500 kV bus voltage - Lennox in service
L24A out of service, 300 MW LIR

Hawthorne 500 kV bus voltage - Lennox out of service
L24A out of service, 300 MW L/IR

2900

115
2077 2168 2276 2438 2029 2168 2219
2347
— | | i I I
! 1 [} 1 1
1.05 1.05
-~ 1 A _ 1 S !
\J\ | | s \ | | \|\
o8 I | 1 S s T I I
1 N 1 H 1 N~ i
| I I K I V[ ‘1 I T
oes ] | 1 065 1 I !
0.75 nwas
1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800
Ottawa load (MW) Ottawa load (MW)
Pre %5224 Post X522A Pre #5224 Post X5224

— — 5% post

— — 5% post + IR

PostX620A + LR — — 10% pre
Ottawa peak farecast

— — 5% post

— — 5% post + UR

Post X6224 + R — — 10% pre
Ottawa peak forecast

Figure 19: Hawthorne 500 kV P-V curve - L24A out ofservice, 300 MW L/R

If 300 MW of load rejection is armed the 5% posivbagency criterion is satisfied in both cases. A
detailed review of the operating limits for the @t area is currently underway, and it is antieipat
that a limit improvement using load rejection candghieved when Lennox units are out of service.
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A preliminary forecast for Ottawa from July 01, 30 December 31, 2010 was used to assess the
amount of time this local area supply may be exicegtthe 5% post-contingency

Ottawa demand forecast - July 01, 2008 to December 31, 2010 - duration
(highest 500 hours)
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Figure 20: Ottawa demand forecast from Jul 01/08 t@ec 31/10 - duration

Table 6: Hours exceeding the 5% post-contingency iterion

Scenario (L24A O/S) Hours
Lennox O/S, no L/R 217
Lennox I/S, no L/R 73
Lennox O/S, 150 MW L/R 37
Lennox I/S, 150 MW L/R 9
Lennox O/S, 300 MW L/R 1
Lennox I/S, 300 MW L/R 0

Table 6 shows the number of hours the 5% post+ogaticy criterion is exceeded for the four
scenarios studied. The hourly data was used tordigte the most likely time period these hours may

occur:
Ottawa demand forecast - July 01, 2008 to December 31, 2010 (peaks higher than 1800 MW)
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Figure 21: Ottawa demand forecast from Jul 01/08 t®ec 31/10 - duration

Figure 21 shows that most of the hours on Tab{ar&l Figure 20) are expected to occur during the
cold season. January 20, 2010 data was chosett¢o bederstand how these results would impact
the Ottawa supply:
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Ottawa demand forecast - January 20, 2010 (hours higher than 1800 MW)
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Figure 22: Ottawa - January 22, 2010

Depending on the scenario, load reduction meashatsvould last from about one hour to almost
five hours on the highest loaded day between hbér30 and hour 22:00 may be required if
insufficient margin is available to reliably supphe zone.

Section 5.4 indicated that over the last few y€&itawa peaked in the summer mainly due to milder
weather during the cold season. This trend mayirmeaiover the next few years, in which case the
number of hours this criterion is exceeded wilhimgch lower, but if (one of) the following two cold
seasons (is) are not as mild as the previous twndesupport may still be required to ensure
adequate supply for Ottawa.

The operating documents currently in force onlgwlload rejection in Ottawa to be armed if Lennox
units are synchronized to the grid. Incorporatibthe supporting facilities for the DC connectian t
Quebec is expected to result in a limit structurange that will allow arming of load rejection in
Ottawa when all Lennox units are disconnected frimengrid. As a result, Lennox support may no
longer be required beyond September 2009 for fgl@ipply the Ottawa zone if sufficient load
rejection can be armed.

Dynamic simulations were performed to identify hb@nnox retirement would impact the post-
contingency transient stability of the Ottawa zdheias determined that no significant impact would
result from de-registering Lennox over the posticgency dynamic stability of the system (results
in Appendix C).

— End of Section —
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Appendix A: Demand forecast

Table 7: Zonal demand forecast from January 2008 tecember 2009 — extreme weather, firm
resource scenario per the latest 18-month outlook.

Date Bruce East Essa Niagara  NorthEast NorthWest tawat SouthWest ~ Toronto West Ontario
Jan-08 97 1,866 1,614 810 1,769 814 2,102 4,890 8,255 2,490 24,707
Feb-08 94 1,835 1,600 784 1,710 771 2,072 4,838 8,186 2,421 24,309
Mar-08 87 1,675 1,472 745 1,624 778 1,904 4,624 7,886 2,362 23,158
Apr-08 58 1,353 1,203 737 1,499 636 1,597 4,202 7,949 2,408 21,643
May-08 58 1,453 1,344 841 1,344 677 1,701 4,669 9,070 2,750 23,906
Jun-08 66 1,600 1,506 1,017 1,359 723 1,976 5,237 10,266 3,264 27,015
Jul-08 62 1,617 1,550 1,061 1,327 689 1,958 5,368 10,746 3,364 27,741
Aug-08 65 1,613 1,564 1,061 1,381 686 1,981 5,295 10,574 3,372 27,593
Sep-08 66 1,522 1,402 978 1,423 642 1,938 5,107 9,822 3,116 26,016
Oct-08 92 1,725 1,489 753 1,691 784 1,968 4,728 8,070 2,358 23,656
Nov-08 93 1,748 1,523 777 1,678 768 1,992 4,829 7,999 2,447 23,852
Dec-08 94 1,798 1,555 808 1,777 795 2,048 4,927 8,249 2,547 24,598
Jan-09 102 1,926 1,685 808 1,811 800 2,168 5,023 8,444 2,538 25,306
Feb-09 99 1,895 1,676 782 1,761 766 2,139 4,975 8,362 2,469 24,924
Mar-09 93 1,727 1,548 748 1,710 769 1,974 4,756 8,065 2,417 23,806
Apr-09 62 1,388 1,301 767 1,364 681 1,663 4,401 8,241 2,495 22,362
May-09 61 1,456 1,382 835 1,345 663 1,714 4,731 9,134 2,765 24,086
Jun-09 68 1,600 1,534 1,007 1,353 710 1,975 5,310 10,340 3,273 27,169
Jul-09 65 1,618 1,577 1,056 1,331 675 1,969 5,434 10,829 3,375 27,930
Aug-09 66 1,615 1,598 1,056 1,379 672 1,992 5,356 10,645 3,385 27,764
Sep-09 67 1,523 1,435 971 1,449 671 1,940 5,159 9,866 3,123 26,205
Oct-09 62 1,340 1,204 838 1,388 648 1,714 4,677 9,135 2,733 23,740
Nov-09 95 1,733 1,538 766 1,677 747 2,011 4,879 8,007 2,451 23,904
Dec-09 99 1,793 1,591 795 1,758 749 2,093 4,980 8,277 2,535 24,670
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Lennox GS Deregistration Analysis Appendix B: PSS/E model used for simulations.

Appendix B: PSS/E model used for
simulations.

A summary of the two base cases used in simulatiershown below:

Table 8 : Summer 2009 extreme weather demand, Lenrd®/'S, Goreway and Portlands O/S

Zone Zone ID Total Generation (MW) Hydroelectric@eation (MW) Load (MW) Ties (MW) Demand
NORTHWST 1 853 552 620 180 672
NORTHEST 2 2239 1859 1215 910 1329
ESSA 3 344 325 1530 -1228 1573
OTTAWA 4 61 0 1926 -1904 1965
EAST 5 3798 1446 1561 2180 1618
TORONTO 6 7094 0 10675 -3738 10832
NIAGARA 7 1670 1670 1030 613 1057
SOUTHWST 8 3524 0 5245 -1954 5477
BRUCE 9 4908 0 50 4839 68
WEST 10 4292 0 3260 887 3405
STATNLD 11 0 0 954 -947 947
IESO 1 28946 5853 28066 0 27991

Table 9: Summer 2009 extreme weather demand, Lenn&/S, Goreway and Portlands I/S

Zone Zone ID Generation (MW) Hydroelectric GenematfMW) Load (MW) Ties (MW) Demand

NORTHWST 1 853 552 620 180 673
NORTHEST 2 2239 1859 1215 910 1329
ESSA 3 344 325 1530 -1228 1572
OTTAWA 4 61 0 1926 -1901 1962

EAST 5 1719 1446 1561 112 1606
TORONTO 6 8554 0 10675 -2272 10826
NIAGARA 7 1745 1745 1030 686 1060
SOUTHWST 8 3524 0 5245 -1972 5496
BRUCE 9 4908 0 50 4839 69
WEST 10 4868 0 3260 1431 3437
STATNLD 11 0 0 954 -947 947

IESO 1 28978 5928 28066 0 28024
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IESO_REP_0516

Appendix C: Dynamic simulation
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Figure 23: Hawthorne 500 kV bus voltage post X522And L24A contingencies with and

without Lennox
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Figure 24: Hawthorne 220 kV bus voltage post X522and L24A contingencies with and

without Lennox
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