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1. INTRODUCTION
1.1 MANDATE CONTEXT

In preparation for the Quebec Energy Strategy Committee planned
for early 2005, the Quebec Government would like to prevail itself
with the appropriate tools to shed some light on the Department of
Natural Resources and Wildlife (MRNF) analysis with regards to
determining the potential contribution of Wind Energy to the Quebec
electrical energy supply.

To this end, the Department considers that an inventory of the
Quebec’s Wind Energy potential, as well as an evaluation of the
Hydro-Québec’s network integration capability with respect to Wind
Energy Farms, constitutes the basis for an enlightened decision-
making within the context of the Government’s overall Wind Energy
development strategy. Mandates for such have therefore been
awarded to Quebec firms within the context of call for tenders issued
by the Ministry.

The present report submits the results of a study performed by RSW
inc. (RSW) with regards to the evaluation of the Hydro-Québec
network integration capability with respect to Wind Energy Farms
additions.

The original version of the January 2005 report was revised in June
2005 in order to incorporate additional information received from
Hydro-Québec.
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1.2 MANDATE SCOPE

The RSW mandate pursuant to the contract award resultant from the
call for tenders no. 0404005 includes the following deliverables:

e Evaluation of the Hydro-Québec main network integration
capability, more specifically with respect to Wind Energy Farms
additions. This deliverable must indicate the network’'s Wind
Energy Farms integration capability in MW (including the planned
2004-2008 investments) under three scenarios: without
reinforcements, with reinforcements and with the addition of new
infrastructures.

e A study that will allow estimation of the maximum ratio of Wind
Energy to the network power flow or with respect to Hydro-
Québec’s total generation. The results to be presented in
accordance with the first deliverable’s three scenarios.

1.3 REPORT FORMAT

The two deliverables under the RSW mandate are included in the
present document.

Further to a summary and synopsis of the study’s main elements, the
first chapter reviews the present accomplishments, the identified
problems and probable tendencies of such on networks where it
represents a significant penetration level in order to define the
Quebec context with respect to the world’s wind energy rapid
evolution.

The next chapter that explains the study methodology describes the
Hydro-Québec generation and transmission systems as well as the
parameters likely to have an impact on the wind energy integration.

RSWINC. -2- June 2005
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The reinforcement and infrastructure addition usage principles are
also defined.

The integration potential by administrative region, the first
deliverable, is summarized in the next chapter by region. The detailed
network integration modes are presented in the appendix in tabular
form for each region.

The last chapter contains the second deliverable elements.

1.4 NETWORK DATA

Hydro-Québec TransEnergie has supplied the transmission network
data and information required for the mandate.

The Hydro-Québec Generation and Distribution divisions have
indicated their vision of the wind energy generation addition impact
on their respective activities.

RSWINC. -3- June 2005
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2. SYNOPSIS

Two aspects of the wind energy generation factors likely to have an
impact on the Hydro-Québec network have been analysed. The first
aspect being related to the installations location with respect to the
network, potentially having a “regional” impact, and the other, of a
“global” nature, being related to the impact of a substantial addition
of such generation type on the Hydro-Québec transmission network
and generation facilities security and operation requirements.

The regional integration capability depends essentially on two
parameters; the sub-network equipment and transmission lines
thermal capacity where the integration actually takes place, and the
stability limit of the portion of the 735 kV network to which the sub-
networks are connected. Insofar as the present network is concerned,
the second limitation is estimated at 2,000 MW with some limited
impact reinforcements. This applies to the whole of the 735 kV
network, except for the Montreal region loop, where it is not
limitative, and the segment between the Manicouagan area and the
Labrador border, where it is null if one considers the planned (but
not-committed) integration of the 1,500 MW from Complexe la
Romaine . Based on the previous criteria, the integration potential is
high for the greater Montreal region and varies between 550 and
2,000 MW for the other regions. Furthermore, the total integration
potential for all regions except for the Montreal area cannot exceed
2,000 MW. Finally, the total integration potential, including the
Montreal region, cannot exceed a certain limit set by the constraints
relative to the global level as mentioned hereafter.

With the addition of a 735 kV line, the individual and cumulative
integration level of the sub-networks exclusive of the Montreal region
can be increased by up to 3,000 MW.
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The results obtained for each administrative region are indicated in
the tables included within the report’s appendices. Considering the
methodology used, these figures are to be considered as order of
magnitude to guide the choice on the regions susceptible to be more
favourable, whilst recognising that a specific integration study must
be performed for each site being considered.

The network wind energy generation global integration capability
depends on several parameters, the main ones being the generation
reserve, the network stability and voltage holding capability, the
frequency regulation and load following and the network operation at
minimum load. A reasonably reliable estimate of the limit can only be
accomplished by means of an economical and technical study
beyond the scope of the present mandate and which would be
difficult to accomplish without having actual operation data specific
to the Hydro-Québec network for recent technology wind energy
farms.

Hydro-Québec TransEnergie currently estimates that a 10%
penetration of the 36,000 MW network peak is possible without
causing undue constraints on the network operation. The present
study vyields no indication that would allow asserting that a
noticeably higher level of penetration could be reached. The
feasibility and impact of a higher penetration could only be achieved
through the above mentioned studies. Higher penetration levels
would most probably require network modifications and changes to
the operation policies, the cost of which would increase with the
penetration level.
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3. REPORT SUMMARY

Fundamentally, the integration limits of new generation sources into
a network are at two levels:

= At the integration zone level, the limits are mainly related to the
network’s generated energy transit to the load centres capability
and to the planned generation type specific behaviour. These first
level limitations are evaluated within the first part of the present
study.

= For the complete network, these limitations are much more
difficult to identify as they are related to a number of parameters
relative to the overall structure and mode of operation of the
network and the specific mode of operation of the considered
generation type. These limitations are evaluated within the second
part of the present study.

Whereas the regional limitations can be relatively precisely defined
based on purely technical considerations, the overall network
considerations must for a great part be established on the basis of
the experience gained from the specific or equivalent network
operation.

Insofar as the specific case of wind energy generation integration is
concerned, the variable and uncontrollable nature of the resource
and the types of technology currently available to transform the wind
energy into electrical energy make it much more complex to establish
the integration limits than is the case for more commonly used
conventional generation.
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Whilst taking into account that the addition of wind energy
generation implies a minimum number of interventions on the
network, the integration potential has been defined for two levels of
development, more specifically i) reinforced network or ii) network
with added infrastructures. Network reinforcement works are defined
as works that can be normally accomplished within a period of no
more than two years, which means the amount of time required for
implementing a wind energy farm. The new infrastructures notion
corresponds to major works such as new transmission lines or new
substations whose realisation is among other things subject to public
hearings that can result in extensive time delays.

3.1 REGIONAL INTEGRATION LIMITATIONS

The criteria required to enable estimation of the regional integration
capacity have been defined. These criteria cover i) the constraints
related to the integration to the sub-network to which the generation
is connected and ii) the energy flow constraints from these
generation installations on the main 735 kV network.

Insofar as the sub-networks integration is concerned, the generally
most restricting criterion is the transmission lines thermal limit. This
limit depends on the voltage level, the number of circuits and
accounts for the degraded mode operation requirements (loss of one
element of the network). Hydro-Québec standard values have been
used to establish these limits.

The transmission network limitations have been supplied by
TransEnergie and are related to the network’s transient and dynamic
behaviour.
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The first set of identified capabilities corresponds to the 2008
network, reinforced as required. The reinforcements may consist of
protection and telecommunication devices additions, voltage support
equipment, sub-network substation equipments and series
compensation level reinforcement for the 735 kV segments that are
already equipped with such.

The capability impact of certain infrastructures additions is then
evaluated. These infrastructures consist of new 735 kV lines (having
an impact on the main network), and new lines or new substations
for specific regional networks.

The established values correspond to the best estimate that can be
obtained under the limited scope of the mandate. Simplifying
assumptions have been made insofar as energy flow on various
portions of the network is concerned, based on the wind farms
locations. These may have somewhat penalized the acceptable level
of integration. No estimates have been made insofar as the
infrastructures or reinforcement costs are concerned.

The major conclusions resulting from the regional level integration
without infrastructures study are:

= The 735 kV network between La Grande and Montreal and
between Manicouagan/Micoua and Montreal constitute a major
obstacle with respect to the integration of major amounts of wind
energy generation within most of the regions whose sub-networks
are connected to such, with a total capacity margin of 2,000 MW.
No region can integrate more than 2,000 MW. This figure may be
less if the region’s sub-networks total capacity is less than this
value.

RSWINC. - 8- June 2005
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= Considering the planned integration of the La Romaine complex,
the 735 kV network between Labrador (Montagnais substation)
and Manicouagan and Micoua has no integration potential at all; a
2,000 MW integration potential for direct integration into the last
two substations mentioned is however available with the addition
of transformers.

= The network’s major load being located in the greater Montreal
region, the energy from sites within the region (including the
Montreal, Laval and Montérégie administrative regions) is not
subject to the above limitation; a theoretical 38,400 MW
connection potential is identified for this large region that is
provided with well developed regional sub-networks; however,
only a portion of such may be integrated considering the network
operation constraints.

» The Outaouais, Lanaudiere and Laurentides regions, delivering
their energy through the 735 kV ring around Montreal, not
subjected to the 2,000 MW limit, represent a theoretical
integration potential of 8,670 MW, of which only a portion may be
integrated considering the network operation constraints.

= The above figures are not cumulative, and the total capacity of the
735 kV integrated sub-networks cannot exceed 2,000 MW; as
discussed below, the greater Montreal region sites are limited by
the global network capacity.
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If infrastructures additions are considered, it is possible to increase
the 735 kV network integration limits by erecting new transmission
lines at that voltage level. As long as the sub-network capacity allows
for such, the addition of a new transmission line between La Grande
and Montreal would enable adding 3,000 MW to the connected
regions subjected to the 2,000 MW limit, with the exception of the
Manicouagan/Micoua-Lévis segment that would remain limited to
2,000 MW, and of the Montagnais-Manicouagn/Micoua segment,
whose integration capacity would remain null. The addition of a new
735 kV line between Montagnais and Montreal would have the same
effect on the complete network, except for the La Grande-
Abitibi/Chibougamau zone which would remain limited to 2,000 MW.

Similarly, the impact of transmission lines and substations additions
within the regions where the sub-network integration capacity is less
than 2,000 MW (Bas-St-Laurent, Outaouais, Abitibi-Témiscamingue,
Gaspésie) has been indicated. Certain other regions have also been
included, more specifically the Nord-du-Québec, where the addition
of 315 kV transformers in the 735 kV substations not provided with
such, jointly with the addition of a 735 kV transmission line, would
permit a significant additional integration potential.

However, the current integration potential or the potential resulting
from the infrastructures additions are more or less virtual as they are
subject to the operational limits established below.

RSWINC. -10- June 2005
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3.2 LIMIT RELATED WITH TOTAL GENERATION CAPACITY

The overall limitation to a massive integration of wind generation to
the Hydro-Québec network is dependent on four major factors,
namely:

= The generation reserve;

= The voltage control and network stability;

= The frequency control and load following;

» The network operation under low load conditions.

Regarding the generation reserves, the wind energy farm global
integration capability is only limited by economical considerations;
each wind energy installation addition must be associated with the
necessary generation reserve addition.

Insofar as the voltage control and network stability are concerned,
the number of scenarios and parameters involved requires a
sensitivity analysis. Such study would determine the “soft” limits
that could be increased by available means (e.g. synchronous
compensators) and the “hard” limits that cannot be increased
because of the Hydro-Québec network size and the fact that it is not
synchronously interconnected.

As far as the frequency control and the load following are concerned,
here again, the number of scenarios and parameters involved
requires a detailed analysis. Such study would determine the “soft”
limits that could be increased by available means (e.g. automation)
and the “hard” limits that cannot be increased because of the Hydro-
Québec network size and the fact that it is not synchronously
interconnected.
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In the case of network operation under low load conditions, it would
be possible to integrate approximately 3,600 MW in 2004 by
imposing export during certain periods, without significant
constraints being imposed to the operations. This value could be
around 4,000 MW in 2015. Providing that increasingly more stringent
power plant operation restrictions are imposed with the increased
penetration, higher values could well be acceptable.

Summarising, at the present time, the global integration limit is
relatively “vague” and requires both technical and economical
considerations. Extensive simulation studies could define more
precisely some of the factors susceptible to have an impact on this
limitation and identify solutions that might enable an increase in the
wind energy generation penetration. Certain other factors having an
influence on the penetration limit are related to strategic and cost
considerations, mainly insofar as the generation reserve is
concerned.

The European experience could possibly serve as a potentialy
applicable methodology benchmark. There, network operators face
ever increasing problems related to country networks as well as
interconnections not planned for heavy energy flows and difficult to
control. If the 75 GW wind energy capacity is reached as planned in
2010, it will be close to 20% of the UCTE interconnected network
peak, the later having a more favourable topology than that of
Hydro-Québec and a significantly higher minimum load / maximum
load ratio.

Over and above the network reinforcement and imposition of more
severe wind generator electrical behaviour criteria, it may well
become necessary to impose a more rigid control of the network

RSWINC. -12- June 2005
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operators insofar as the wind energy production level is concerned in
relationship with the network status.

Hydro-Québec TransEnergie presently considers that a 10% limit may
be reached without major problems. In order to facilitate such
integration, HQT has established in December 2004 new
requirements for the wind energy farms behaviour. In addition, the
operator considers that a controlled strategic development would
allow a gathering of additional data about wind energy farm
behaviour data within a context specific to the province and its own
network. Analysis of such data would enable identification of
potential problems and reposition the integration strategy as
required.

The HQT approach is prudent and probably conservative. Simulation
studies could possibly define a higher limit. Whereas all operators
are continuously raising the integration capacity question, no precise
answer can be given at the present time. The 60% penetration
reached on the Danish network is not a valid reference as this small
network has a large interconnection potential with a strong network.

Recognizing on the one hand the present uncertainties with regards
to the wind energy generation characteristics in the Province of
Quebec and, on the other, the insufficient amount of studies currently
available with regards to voltage regulation, network stability and
real time balancing under heavy penetration of such type of
generation, it is not possible at this juncture to ascertain that the
network is presently capable of integrating an installed wind energy
capacity higher than approximately 10% of the network peak, i.e.
about 3,600 MW in 2005, 4,000 MW in 2015.
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Assuming that the above mentioned studies would permit
concluding to the possibility of reaching a higher level of penetration,
with or without additional devices on the network, the light load level
operation requirements and the usage of the complementary reserve
would bring about economic constraints that would increase with the
level of penetration. Among others, the producers should expect to
be imposed generation ceiling levels dependant on the installed
capacity, and they will be responsible for evaluating the impact of
such ceilings on the proposed site return. The costs associated with
the additional equipment that could possibly be required to increase
the integration capacity beyond the previously mentioned limit must
also be taken into account.
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4. WIND ENERGY DEVELOPMENT CURRENT ENVIRONMENT
4.1  WIND ENERGY EXPANSION

Wind energy currently represents the fastest growing energy source.
In 2003 only, the world total installed wind energy capacity has made
a 26% leap from approximately 31 GW to more than 39 GW (1 GW =
1,000 MW). The most favoured sites benefiting from an important
and relatively reliable, on a annual basis, renewable energy potential,
the development of such type of energy constitutes an efficient
approach to meet the Kyoto gas emission reduction objectives, and
more and more countries intensify their efforts in order to identify
favourable sites and facilitate integration of such type of installations
to their networks. In parallel with this, industry develops more and
more efficient equipment in order to sustain such development.

With a total capacity reaching 29 GW in 2003, Europe currently is the
leader insofar as the installed wind energy generation is concerned
as well as to the ratio of such energy in relationship with the
networks peak demand. The European countries with the largest
installed capacity are Germany (close to 15 GW installed in 2004 with
an 80 GW demand and planned 25 GW in 2010), and Spain (more
than 6 GW with a demand close to 55 GW and planned 12 GW in
2010). Denmark’s installed capacity (over 3 GW on the Eltra network)
representing over 60% of its network’s maximum demand is also to
be noted.

According to the American Wind Energy Association (AWEA), the
USA average annual growth of wind energy capacity has been 28%
between 1999 and 2003. This capacity has reached 6.4 GW at the end
of 2003, the main producer being California (2 GW), followed by
Texas (1.3 GW) and Minnesota (0.6 GW).
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According to the Canadian Wind Energy Association (CanWEA), the
Canadian figures are more modest with a mid-2004 installed capacity
of 439 MW, with Quebec in second position (113 MW) behind Alberta
(269 MW). The existence of renewable hydro energy is one of the
factors explaining the low start of wind energy utilisation.

4.2 INTEGRATION AND TECHNOLOGIES

The intermittent nature of the resource constitutes the main obstacle
towards a harmonious integration of the wind energy generation into
the electrical networks. The generator electrical characteristics may
also render their behaviour more difficult under certain operating
conditions.

4.2.1 Resource’s Fluctuations

Only when the wind speed is typically between 5 m/s and 25 m/s, can
current technology wind generator produce electricity. Furthermore,
the available power at any moment is largely dependant on the wind
speed. As the wind speed varies continuously at different degrees
and in an uncontrollable and difficultly predictable fashion, the
installation’s available power at the point of interconnection will vary
accordingly. The generated power having at any moment to be equal
to the network’s consumed power, the operator must ensure that the
power fluctuation of such installations is compensated by other
energy sources. Substantial contribution from wind energy can
complicate such balancing task and increase the cost by, amongst
others, requiring an additional available capacity and requiring from
conventional generation an operation in ranges that may not
necessarily correspond to their optimal efficiency.
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4.2.2 Current technologies

Essentially, three categories of machines are presently available to
convert wind energy into electricity. One category is based on
constant speed turbines whilst the other two are based on variable
speed turbines.

The so called “constant speed” units (the speed is actually variable
over a reduced range) use asynchronous type generators (induction
generator) with squirrel cage rotor, their stator being directly coupled
to the network. The turbine rotor is connected to the generator rotor
via a speed gearbox. These simple and robust construction
generators only allow for a few percent speed variations about their
nominal speed. The use of variable pitch blades allow for some
additional settings.

The more recent technology variable speed units may use
asynchronous or synchronous generators. The asynchronous
generators are of the wound rotor type; the rotor is connected via an
ac/dc/ac converter to the stator terminals. These “double fed” type
machine can operate over a much wider speed range than a squirrel
cage machine, typically from 75% to 125% of the nominal speed. As
synchronous machines can only be directly connected to networks
with the frequencies varying in accordance with the speed of
rotation, they are connected to the network via an ac/dc/ac converter
that allow adjustment between the frequency variations at the
generator terminals proportional to the speed, and the fixed network
frequency. Contrary to the “double fed” generators using a gearbox,
these machines are usually directly coupled, thereby simplifying the
mechanical design but requiring very large diameter generators.
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Each generator type has a different electrical behaviour. The squirrel
cage machine continuously consumes reactive power and the
terminal voltage cannot be controlled, the relationship between the
rotation speed, the active and reactive power and the terminal
voltage being fixed. The voltage regulation requires the installation of
additional equipment, including capacitors, in order to supply and
adjust the reactive power required to control the voltage. This type of
machine is susceptible to cause rapid voltage variations (“flicker”
phenomenon) resulting from rapid wind fluctuations, especially when
the network’s short circuit level is low at the connection point. In the
advent of a short circuit, the machine will accelerate and consume
substantial reactive power that can only be supplied by the network.
When the network has recovered, the higher speed generates excess
power that can result in an overcurrent tripping prior to the voltage
reaching its nominal value. Such a phenomenon can bring about
voltage instability, particularly under prolonged fault and when the
machine is connected to a low short-circuit level network.

The variable speed units are more easily controllable through their
electronic converters allowing terminal voltage regulation by
modulating the generated reactive power within the converter’s
power capabilities. Cost considerations however limit the maximum
current that can be sustained by the converters, thereby resulting in
very rapid tripping under short circuit. After a fault, such an approach
results in a network stability risk due to the disconnection of a large
amount of wind energy generation following a fault.

It can be said that most of the incoming installations will be equipped
with variable speed machines whose characteristics make it easier to
integrate to the network.
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4.2.3 Network Requirements

The network integration can obviously only be accomplished if the
transmission lines and substations used to carry the wind farm
energy have sufficient thermal capacity for such additional load. Such
requirement, which must be satisfied for each and every additional
generation, applies to all areas of the network through which the
energy will flow from the point of the wind energy farm connection
to the complete network.

Another network parameter to be considered is the short-circuit
power available at the connection point. It must be of sufficient level
to supply the required reactive power to avoid machine tripping
when induction generators are used. The criteria is less stringent for
machines equipped with converters but the short-circuit level must
be sufficient to allow proper operation of the converters’ thyristor
valves.

4.3 CONTRIBUTION LIMITS

Based on the present knowledge and technology, an industry
consensus appears to be that around an installed power of
approximately 15% of the network’s peak demand, the wind energy
contribution does not significantly affect either the electrical networks
reliability or cost if properly managed. The Eltra case in Denmark,
whose system operates in a manner considered acceptable with a
60% wind energy penetration (but with robust connections), indicates
that penetration levels higher than 15% are conceivable if a number
of adjustments are made insofar as infrastructures and mode of
operation are concerned. Insofar as the German experience is
concerned, references 1 and 2 provide an interesting insight.
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The previous comments are however essentially based on European
experience, that is characterized by a generation that is mainly of
thermal nature (nuclear or fossil fuel) and tightly meshed networks
with various interconnection capacities. It should also be noted that
the European synchronous network demand is of the order of 340
GW. Insofar as Quebec is concerned, the network topology, with
generation installations remotely located from the load centres, the
generation, essentially of hydroelectric nature, and the absence of
synchronous interconnection with neighbouring networks constitute
a different context. Moreover, climatic limitations (current technology
limits the wind turbine operation at -30°C) bring about additional
constraints that can have an impact on the maximum wind energy
penetration. Some degree of prudence should therefore be used with
the 15% figure within the context of the province of Quebec, where
the network’s maximum demand is presently approximately 36 GW.
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5. METHODOLOGY
5.1  GENERAL APPROACH

In order to clarify the “reinforcement work” and the “infrastructures
additions” notions, the following aspects which were established in
consultation with Hydro-Québec must be considered:

Regarding reinforcement work :

Any wind energy generation necessitates the erection of a
transmission line between the wind farm site and the Hydro-Québec
TransEnergie (HQT) network. Such line may either be connected to a
substation or directly connected to an existing line (providing some
eventual restrictions and excluding the 735 kV lines). The
transmission line length will vary depending on the wind farm
location with respect to the network. Depending on the voltage level
and the line length, it is possible that the works implementation
duration causes it to be on the project’s critical path. Additional
installations will also be required in HQT substation(s) adjacent to the
connection points in the area of high voltage equipment, protection
and telecommunication systems. Such system modifications are
generally also required in other substations on the network.

In addition to these, other network interventions will probably be
required to ensure its proper operation with the presence of wind
energy generation by increasing its capacity, robustness and
receptivity. Such works may well include for example an increase in
series compensation in existing installations, synchronous of static
compensators addition, transformer additions, breaker additions, etc.
Most of these works may be accomplished within the time frame
required for the wind energy farm project executions.
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Regarding infrastructures additions :

The above terminology refers to major reinforcement works, that
may include the addition of transmission lines, substations or new
series compensation on such transmission lines, etc. The time delay
required to accomplish such works is generally longer than the time
required to complete the wind energy project, especially if permits
must be secured.

As any wind energy generation addition necessitates a minimum
network reinforcement and, as on the other hand, the nature and
scope of these works depends on a number of parameters (location
with respect to the network, size of the individual wind farms, wind
turbine technology, etc.), the present study will make reference to
two levels for integration capability evaluation:

e with reinforcement works

e with infrastructures additions

As will be explained below, three major factors contribute to the
network’s integration capability:

e the regional network transmission lines thermal limit;
e the short-circuit level available at the interconnection point;

e the 735 kV transmission network capacity.

As will also be seen later, in most cases, except for the Montreal
region, the transmission network capability is the network integration
limitation.
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The scenario with “infrastructures additions” will therefore
essentially make reference to 735 kV lines additions to the present
network.

However, for the regions where the sub-network capacity limits the
integration level (Gaspésie-lles-de-la-Madeleine, Bas-St-Laurent,
Abitibi-Témiscamingue, Nord-du-Québec), the sub-network
infrastructure additions impact will also be dealt with. The Nord-du-
Québec region, sharing a marginally larger integration potential to
that of the 735 kV network, will also be similarly treated.

For the greater Montreal region, the infrastructures addition impact
has not been reviewed, considering that:

e the integration potential is already very large;

e it is not very likely that a fast increasing wind energy development
will occur within an urban region with limited potential with
respect to other regions within the province.

5.2 HYDRO-QUEBEC INSTALLATIONS CHARACTERISTICS AND PARTICULARITIES

5.2.1 735 kV Transmission Network

The Hydro-Québec 735 kV network is essentially a “V” shaped
longitudinal network made up of two major arms, each about 1,000
km long. These two axes transmit the power and energy from large
generation centres (La Grande, Churchill Falls, Manicouagan)
towards regional sub-networks to supply the loads. The 735 kV
network and its regional sub-networks are designed in such a way as
to be able to simultaneously transit the maximum installed
generation and supply the complete load in the absence of the most
restricting element such as a transmission line, a transformer, etc. (so
called “N-1" criterion).
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In order to achieve such a goal and to reduce the number of 735 kV
transmission lines, Hydro-Québec has made use of series
compensation. The Hydro-Québec network is compensated to about
40 %, which makes it possible to substantially increase its capacity.

Due to its configuration (generation remotely located from the load
centres), the Hydro-Québec 735 kV network limitations are that of
stability as opposed to thermal limits as is the case for most
networks. The Hydro-Québec network stability (ability of the network
to loose its most stringent element without jeopardizing its security)
requires that a minimum of generation units be in service at the
remote generating stations.

The transmission network has another particularity in that it is not
operated in synchronism with neighbouring transmission networks,
be they Canadian or American. As will be seen later, this particularity
has a non-negligible impact on its operation, particularly when
generation sources with time and location fluctuations such as wind
energy generation are added.

5.2.2 Regional Sub-Network

The regional energy distribution is accomplished via a number of
sub-networks supplied from the 735 kV network or via regional
generating stations. The sub-networks are also designed and
operated in a way such as to be capable of integrating the maximum
generation from the connected generating stations and of supplying
all of the connected load in the absence of the most critical element
such as a transmission line or a transformer (N-1 criteria), and such,
without exceeding the equipments thermal limits.
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Furthermore, a more stringent criterion (loss of two lines, a “N-2"
criterion) is adopted for sub-networks on which a loss of generation
greater than 1,000 MW may occur.

Since the greater Montreal region load is more than 50% of the total
load to be supplied, Hydro-Québec has designed its network so as to
be able to feed this load from a 735 kV loop around this large region.
The loop is fed from the 735 kV network.

Most of the sub-networks are supplied through transformation from
735 kV to 315 kV, 230 kV, 161 kV or 120 kV.

The wind energy farm sub-network integration limits are essentially
characterized by line and substation equipment thermal limits and
the stiffness of the network connection (short-circuit power) at the
point of integration.

5.2.3 Generation system

Hydraulic generation makes up 95% of the Hydro-Québec generation
system. A portion of the generating stations, run-of-river generating
stations, must produce 100% of the time and another portion of the
generating stations with small or yearly reservoirs must produce
according to the current hydrological conditions. This “must run”
obligation which is similar to that of wind energy generation
(although easier to manage) is added to the “must run” obligation of
the generating stations required in order to maintain the network
stability. All of these “must run” generating stations create operation
limitations and/or constraints on the Hydro-Québec generation
system during spring flooding or low loading days in the summer.
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In order to be able to supply the load and protect itself against
production losses, the Hydro-Québec generation system must have
some form of reserve. Accordingly, based on the long term demand
forecast, the generation system must have sufficient capacity to
ensure that the load shedding probability resulting from insufficient
generation remain below 2.4 hours per year. This NPCC (reference
no. 3) members accepted criterion at the time of the three-yearly
Hydro-Québec assessment of the adequation of its resources dictates
the normal generation reserve to be installed on a long term basis in
order to ensure customer supply security. In view of the nature of the
generation type (95% hydraulic), the reserve is presently at
approximately 10 to 11%, compared to 18 to 20% for networks where
thermal generation is predominant.

In view of its intermittent nature, the addition of wind energy
generation capacity only slightly increases the reserve. For an
increase in demand of 1,000 MW, approximately 110 MW of reserve
must be added to the generation base. Assuming that 100 MW of
wind can guarantee between 10 to 20 MW of additional power at all
times, the difference (between 90 and 100 MW) must be supplied
from additional conventional generation facilities.

On a short-term basis, up to 24 hours in advance, Hydro-Québec
must ensure that enough generation reserve is available in order to
cope with the unforeseen generating units unavailability and
unforeseen demand.

Hydro-Québec must also ensure that there is sufficient spinning
reserve in order to maintain frequency at 60 Hz during network load
increase and reduction.
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In addition, Hydro-Québec must ensure that it has a sufficient
spinning reserve (10 minutes), equal to the largest generation
contingency (1,000 MW), and a standby reserve (30 minutes) or
spinning reserve equal to 50% of the second most stringent
generation contingency (500 MW), in order to meet the NPCC
frequency and operation security quality criteria (reference no. 4).

Finally, Hydro-Québec must ensure that 1,000 MW of its spinning
reserve are well distributed amongst the remote generation locations
to ensure network stability.

Therefore, 24 hours in advance and in accordance with the load
forecast, the following reserves are necessary:

10 minutes reserve 1,000 MW
30 minutes reserve 500 MW
stability reserve 1,000 MW (included in the first)

Reserve for unforeseen conditions:

e Generation 300 MW
e Winter load 800 MW ( summer: 500 MW)
e Automatic Generation Control (AGC) 500 MW

In real time, except for exceptional circumstances such as discrete
peaks, on an hourly basis, the 10 minutes, 30 minutes and stability
reserves must be available at all times.
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5.3 735 KV TRANSMISSION NETWORK LIMITS

Recognising the wind energy farms characteristics and recognising
that the Hydro-Québec network must absorb all the electrical energy
generated by these generating stations, the Hydro-Québec
generation and transmission systems must be able to simultaneously
integrate the wind energy farms’ maximum available power with the
same reliability criterion as for conventional generation, whether it is
during a peak period or a low load period.

The Hydro-Québec network is designed to transit to the load centres
the maximum installed generation power. In view of the short time
available to accomplish the present mandate and the complexity of
the required studies and analysis to determine the present 735 kV
network available margin, the wind energy farms integration limits
used herein are those provided by Hydro-Québec TransEnergie.
These limits are established by increasing the amount of series
compensation on the existing transmission lines. The amount of
series compensation thereby installed would move from 40% to 50-
60% of the line. HQT considers that the resultant line load level would
be optimum with respect to profitability, reliability and network
security. RSW considers that the criteria used to establish these limits
in conformance with criteria used in the American North-East region
(reference no. 3) are realistic and acceptable.

Therefore, whilst taking into account Eastmain (1,200 MW) and La
Romaine (1,500 MW), a non-simultaneous limit of 2,000 MW has
been selected for the La Grande/Montreal loop and the
Manicouagan/Montreal loop axis. In so far as the Churchill Falls axis
(between the Montagnais and Manicouagan and Micoua substations)
is concerned, there is to this date no transit availability for additional
generation beyond the transit capacity required for the La Romaine

RSWINC. - 28- June 2005
P44 0496 E005 COR.EX



QUEBEC GOVERNMENT
DEPARTMENT OF NATURAL RESOURCES AND WILDLIFE (MRNF)
Hydro-Québec Integrated Network Integration Capability
with Respect to the Addition of Wind Energy Generation
Report
5. Methodology

project (1,500 MW) presently under study. The HQT studies on that
segment of the 735 kV network have indicated that any new
generation transit in addition to the La Romaine project would
necessitate the addition of new transmission lines. As a matter of
fact, any wind energy integration within any 735 kV substation sub-
network on these axes has the same effect as adding new generation
on the transmission network and is limited to 2,000 MW, except for
the Arnaud and Montagnais substations to the east of the
Manicouagan generation complex, for which the value is zero. On the
other hand however, as the additional power does not have to be
transmitted by either of the transmission network axes, wind energy
integration into the sub-networks supplied from the 735 kV loop
around Montreal is only limited by the short-circuit capability and the
equipment thermal capacity.

5.4 REGIONAL SUB-NETWORK LIMITS

5.4.1 Assumptions

In order to properly set the results and proceed with an analysis of
the wind energy integration capability of the Hydro-Québec regional
sub-networks, a number of assumptions have been established:

e The transmission line thermal capacity is 200 MW for a 120 kV or
161 kV integration, 400 MW for a 230 kV integration and 1,000 MW
for a 315 kV integration. Some Hydro-Québec identified
exceptions have also been taken into account. These exceptions
are documented under appendix no. 6 of the call for tender A/O
2004-02 (included under appendix C of the present report).

e The regional sub-networks must be capable of integrating the
wind energy farms maximum power under low load conditions.
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For sake of simplification, the load supplied by such sub-networks
is considered to be null.

e The resultant maximum integration values do not take into
account any substation or transmission line physical constraint
that could make it difficult to add the necessary integration
equipment.

e In order to ensure reliable and efficient operation, some wind
energy farm technologies require a very robust network (usually
measured in terms of short-circuit power), whereas some other
technologies require a less robust network. The network stiffness
problems may be reduced by using newer wind generator
technologies or by network additions and/or modifications. For
prudence sake and because the analysis would yield large
amounts of capacity, the maximum integration capacity have
been limited to a third of the short-circuit level at the Hydro-
Québec network interconnection substation. The factor of 1/3
allows among other things for taking into consideration the fact
that the network interconnection may be away from the
substation, therefore greatly reducing the available short-circuit
level.

e With the exception of those supplied from the Montreal loop, the
networks simultaneous integration capacities are limited by the
Hydro-Québec 735 kV transmission network capacity of 2,000 MW
without infrastructures additions.

e The transmission lines and sub-network substations supplied
from and/or supplying private electrical networks within Quebec
or outside of Quebec do not contribute any capacity.
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e Except for those identified by HQT within appendix 6 (present
report appendix C), the portions of the sub-networks that are used
for the integration of the Hydro-Québec generating stations do not
contribute any capacity.

e For the purpose of the present study, as a first contingency loss of
production of 1,000 to 1,500 MW could bring about some load
shedding depending on the Hydro-Québec network load level, it
has been assumed that a wind energy farm loss of production
within the sub-networks under a first contingency would be less
than or equal to 1,000 MW.

The resultant integration capacities are approximations and must be
verified on a case-by-case basis through appropriate technical studies
performed by Hydro-Québec TransEnergie.

5.4.2 Non Cumulative Results

The sub-network analysis in order to determine the wind energy
farms integration has been performed on a line-by-line, substation-
by-substation basis in 200 MW increments for each of the sub-
networks. It is therefore necessary to clarify that the lines’ total
capacity for a sub-network or an administrative region is not
cumulative in order to establish the maximum integration capacity at
a substation. Similarly, the substations’ maximum integration
capacities are not cumulative in order to establish the sub-network’s
or administrative region’s maximum capacity.

In the same fashion, when a sub-network supplies more than one
administrative region, the network’s maximum integration capacity
does not correspond to the sum of the maximum capacities available
for the specific administrative regions.
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6. INTEGRATION POTENTIAL BY ADMINISTRATIVE REGION

In order to meet the mandate requirements, the integration capacity
was derived for each of the seventeen administrative regions of the
Quebec province. A single administrative region may have many sub-
networks, and a single sub-network may cover more than one
administrative region. In the case of the latter, only the capacity for
the sub-network portion location within the region is taken into
account for such.

Each transmission line and each substation integration potential is
indicated in the attached tables, appendices A1 to A17. A summary of
the corresponding results for each administrative region is included
in the paragraphs below. As previously indicated, these values
correspond to a reinforced network as required but without
infrastructures addition. The impact of infrastructures addition to the
735 kV network and some sub-networks is indicated at the end of the
present section.

6.1 BAS-ST-LAURENT ADMINISTRATIVE REGION — 01

The Bas-St-Laurent administrative region is supplied by four 315 kV
series compensated transmission lines from the 735/315 kV Lévis
substation. The region’s sub-network then supplies the Gaspésie-iles-
de-la-Madeleine administrative region (region 11) via 230 kV lines
between the Matane and Goémon substation and also via 315 kV
lines between the Rimouski and Matapédia substations. Two
interconnections with the New-Brunswick network allow for energy
import or export. In accordance with the stated underlying
assumptions, these last two lines are not included in the analysis and
the power and energy exchanges are considered to be null.
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The Lévis substation exiting sub-network analysis enables evaluation
of a maximum wind energy farm integration capacity of 550 MW
(2,000-1,450). It must be mentioned that this capacity includes
550 MW already identified within the Gaspésie-iles-de-la-Madeleine
region, as well as with the capacity of the Chaudiere-Appalache
region that may transit on the Riviére-du-Loup/Lévis 315 kV lines.
These values do not take into account the wind energy installations
presently committed by Hydro-Québec, namely, 700.5 MW for the
Bas-St-Laurent region and 742.5 MW for the Gaspésie-iles-de-la-
Madeleine region. As the integrated additional generation transits via
the 735 kV network between Quebec and Montreal, the sum of the
integration capacity of the Bas-St-Laurent and the Gaspésie-iles-de-
la-Madeleine regions is limited to 2,000 MW.

6.2 SAGUENAY — LAC-SAINT-JEAN ADMINISTRATIVE REGION — 02

The Saguenay-Lac-Saint-Jean administrative region is supplied from
the 735/161 kV Saguenay substation, from the Alcan private network
and from two interconnection lines (one at 315 kV and one at 230 kV)
between the Hydro-Québec network and the Alcan network. In
accordance with the stated underlying assumptions with respect to
private networks and interconnection lines, only the supply from the
735/161 kV Saguenay substation is being included in the analysis.
This analysis yields a maximum integration capacity of 2,700 MW for
the Saguenay-Lac-Saint-Jean administrative region. As the additional
integrated generation transits on the 735 kV network, the maximum
integration capacity is limited to 2,000 MW.

6.3 CAPITALE-NATIONALE ADMINISTRATIVE REGION — 03

The Capitale-Nationale administrative region in supplied mainly from
the 735/315 kV Laurentides substation, the 735/315 kV Jacques-Cartier
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substation and via six 315 kV lines from the Bersimis generating
stations. This region also feeds the Mauricie region through three
315 kV lines. In accordance with the stated underlying assumptions,
the six lines integrating the Bersimis generating stations power are
not considered. The analysis yields a 3,650 MW maximum integration
capacity for the Capitale-Nationale administrative region sub-
network. As the additional integrated generation transits on the 735
kV network, the maximum integration capacity is limited to 2,000
MW,

6.4 MAURICIE ADMINISTRATIVE REGION — 04

The Mauricie administrative region is supplied mainly from the
generating stations in the Mauricie region, from three 315 kV lines
from the Capitale-Nationale region and from two 230 kV lines from
the Montérégie region. The Mauricie region, in turn, feeds the
Lanaudiere region via two 315 kV lines. In accordance with the stated
underlying assumptions, most of the 230 kV and 120 kV lines used for
the Mauricie generating stations integration and the Montérégie
Gentilly and Bécancour generating stations integration are not
included in the analysis. Only the 315 kV lines are taken into account.

The analysis yields a maximum integration capacity of 4,000 MW for
the region’s sub-network. In view of the fact that a large portion of
the integrated additional generation transits on the 735 kV network
between Quebec and Montreal, the maximum integration capacity is
limited to 2,000 MW.

The maximum integration capacity of 4,000 MW for the region is
shared between the Capitale-Nationale, the Montreal and the
Lanaudiere administrative regions.
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6.5 ESTRIE ADMINISTRATIVE REGION — 05

The Estrie administrative region is mainly supplied from the des
Cantons 735/230 kV substation. The region’s sub-network analysis
yields a maximum integration capacity of 2,200 MW. As the
additional integrated generation transits on the 735 kV network, the
maximum integration capacity is limited to 2,000 MW.

6.6 MONTREAL ADMINISTRATIVE REGION — 06

The Montreal administrative region is mainly supplied from the
Montreal 735 kV loop substations, namely, the Duvernay 735/315 kV
substation, the Boucherville 735/315 kV substation, the Hertel 735/315
kV substation, the 315 kV lines from the Mauricie and Lanaudiere
substations, the 120 kV lines originating from the Chomedey (Laval)
substation and the 120 kV lines integrating the Beauharnois
generating station generation. In accordance with the stated
assumptions, the Beauharnois lines will not be included in the
analysis. The Montreal administrative region sub-network analysis
yields a maximum integration capacity of 10,800 MW. There is no
limitation due to the 735 kV transmission network as all supply
substations are part of the Montreal loop.

6.7 OUTAOUAIS ADMINISTRATIVE REGION — 07

The Outaouais administrative region is mainly supplied from the two
Chénier substation (Laurentides region) 315 kV lines, from the
Outaouais generating stations, from the two Mont-Laurier
(Laurentides region) 120 kV lines, one of which is connected to the
Paugan generating station and the other to the MaclLaren private
network. Some 120 kV and 230 kV interconnection lines allow for
interconnection of some of the sub-network’s generating stations to
the Ontario network. In accordance with the stated underlying
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assumptions, the lines connecting the generating stations to the sub-
network, the MaclLaren private network interconnection lines and the
Ontario network interconnection lines are not included in the
analysis. However, HQT has already established that the Paugan,
Mont-Laurier and High Falls substation lines thermal limit was
50 MW (call for tender A/O 2004-02 - appendix 6, appendix C of the
present report).

The Outaouais region supply network analysis yields a maximum
integration capacity of 1,000 MW. There is no limitation due to the
735 kV transmission network as the 735/315 kV Chénier substation is
part of the Montreal loop.

The 1,000 MW maximum integration capacity for the region is shared
with the 1,000 MW maximum integration capacity of the two Chénier-
Vignan 315 kV lines from the Laurentides administrative region.

6.8 ABITIBI-TEMISCAMINGUE ADMINISTRATIVE REGION — 08

The Abitibi-Témiscamingue administrative region is mainly supplied
by two 315 kV transmission lines from the Abitibi substation (Nord-
du-Québec) and by regional generating stations integrated in the sub-
network.

Some 120 kV interconnections allow the connection of some
generating stations with the Ontario network.

In accordance with the stated underlying assumptions, the
transmission lines connecting the generating stations and the
interconnection with the Ontario network are not included in the
analysis. However, HQT has established that most of the generating
station lines have a thermal limit of 50 MW, with the exception of the
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Rapide-2 and Rapide-7 integration lines which are limited to 10 MW
(call for tender A/O 2004-02 — appendix 6, appendix C of the present
report).

The Abitibi-Témiscamingue administrative region supply network
analysis yields a maximum integration capacity of 1,000 MW. As the
additional integrated generation transits on the 735 kV network
between La Grande and the Montreal loop, the maximum integration
capacity is limited to 2,000 MW.

The 1,000 MW maximum integration capacity for the region is shared
with the 1,000 MW maximum integration capacity of the two Abitibi-
Lebel 315 kV lines from the Nord-du-Québec administrative region.

6.9 COTE-NORD ADMINISTRATIVE REGION — 09

The Co6te-Nord administrative region is mainly supplied by the
Manicouagan and Micoua 735/315 kV substations, 735/161 kV Arnaud
substation, and 735/315 kV Montagnais substation. Almost all of its
315 kV network is used to integrate the generating stations and a
portion of the 161 kV network is used to integrate private generation
(McCormick to the Hauterive substation and Gulf Power to the
Arnaud substation). In accordance with the stated underlying
assumptions, the 315 kV transmission lines integrating the C6te-Nord
generating stations and the 161 kV lines integrating the private
generating stations are not included in the analysis.

The Cote-Nord administrative region supply network analysis yields a
maximum integration capacity of 3,300 MW. However, as the
additional integrated generation is transited over the 735 kV network
between the Montagnais, Manicouagan and Micoua substations, the
maximum integration capacity without new infrastructures addition
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is null taking into account the La Romaine generating stations
projects (1,500 MW). The addition of transformers at the Micoua
and/or Manicouagan substation could enable integration of up to
2,000 MW at these substations, that could transit towards Quebec.

6.10 NORD-DU-QUEBEC ADMINISTRATIVE REGION — 10

The Nord-du-Québec administrative region is supplied from the
735/315/161 kV Abitibi and the 735/161 kV Chibougamau substations.
All other 315 kV transmission lines are used to integrate the
generating stations to the transmission network. In accordance with
the stated underlying assumptions, the 315 kV transmission lines will
not be included in the analysis.

The Nord-du-Québec administrative region supply network analysis
yields a maximum integration capacity of 2,120 MW. As the
additional integrated generation transits on the 735 kV network
between La Grande and the Montreal loop, the maximum integration
capacity is limited to 2,000 MW.

The maximum integration capacity of the 315 kV line between the
Abitibi and the Lebel substation is shared with the 1,000 MW
maximum integration capacity of  Abitibi-Témiscamingue
administrative region.

6.11 GASPESIE-ILES-DE-LA-MADELEINE ADMINISTRATIVE REGION — 11

The Gaspésie-iles-de-la-Madeleine administrative region is supplied
by two 230 kV lines from the Matane substation and two 315 kV lines
from the Rimouski substation. Two 230 kV interconnection lines with
the New-Brunswick network allow energy import and/or export.
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In accordance with the stated underlying assumptions, the later two
transmission lines will not be included in the analysis and the power
and energy exchanges are considered to be null. Based on the sub-
network’s maximum capacity, the Gaspésie-lles-de-la-Madeleine
administrative region maximum integration capacity is 1,060 MW
(1,800-740). One must however take into account the fact that all the
region’s production as well as that of the Bas-St-Laurent region must
transit on the 315 kV lines between Riviere-du-Loup and Lévis, whose
integration capacity is limited to 550 MW. A portion of the Chaudiere-
Appalaches region could also transit through these lines. The
combined integration capacity of the Gaspésie-iles-de-la-Madeleine
with that of the Bas-St-Laurent and the Chaudiere-Appalaches
regions that transit on the above lines are thereby limited to 550 MW.

As the additional integrated generation transits on the 735 kV
network between Quebec and Montreal, the Bas-St-Laurent region
integration capacity added to the Gaspésie-iles-de-la-Madeleine
region is limited to 2,000 MW.

6.12 CHAUDIERE-APPALACHES ADMINISTRATIVE REGION — 12

The Chaudiere-Appalaches administrative region is supplied by the
735/230 kV Appalaches substation and the 735/230kV Lévis
substation. This region also feeds the Bas-St-Laurent administrative
region from the Lévis substation via four 315 kV lines. The Chaudiere-
Appalaches administrative region supply network analysis yields a
maximum integration capacity of 7,560 MW.

As the additional integrated generation transits on the 735 kV
network between Quebec and Montreal, the maximum integration
capacity is limited to 2,000 MW.
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The maximum integration capacity of 550 MW for the four 315 kV
Lévis-Riviere-du-Loup lines is shared with the 550 MW from the Bas-
St-Laurent and the Gaspésie-iles-de-la-Madeleine administrative
regions.

6.13 LAVAL ADMINISTRATIVE REGION — 13

The Laval administrative region is supplied by the 735/315 kV
Duvernay substation, by two 315 kV lines from the Chénier substation
(Laurentides region), by one 315 kV line from the Lanaudiere
substation (Lanaudiere region) as well as four 120 kV lines integrating
the Carillon generating station to the Chomedey substation.

The region feeds the Saraguay (Montreal region), Notre-Dame
(Montreal), Montreal-Est (Montreal) substations via seven 315 kV
lines, the Fleury (Montreal) substation via four 120 kV lines, as well as
the Terrebonne, Mascouche and Repentigny substation in the
Lanaudiére region via three 120 kV lines. In accordance with the
stated underlying assumptions, the 120 kV transmission lines
integrating the Carillon generation will not be included in the
analysis. The Laval administrative region supply network analysis
yields a maximum integration capacity of 5,950 MW. As the
additional generation is integrated to the Duvernay 735/315 kV and/or
the Chénier 735/315 kV substation, and since these are part of the
735 kV Montreal loop, the 735 kV network limitation does not apply.

6.14 LANAUDIERE ADMINISTRATIVE REGION — 14

The Lanaudiere administrative region is supplied from the 315/120 kV
Lanaudiere substation via three 315 kV lines from the Duvernay
(Laurentides region), the Bout-de-lIlle (Montreal region) and the
Mauricie (Mauricie region) substations and by three 120 kV lines from
the Duvernay substation.
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The Lanaudiere administrative region supply network analysis yields
a maximum integration capacity of 3,000 MW. As most of the
additional generation will be integrated into the 735/315 kV Duvernay
and /or the 315 kV/120 kV Bout-de-I'lle substations, and as these are
part of, or supplied from, the Montreal 735 kV loop, the 735 kV
network limitation does not apply.

The Lanaudiere administrative region 3,000 MW maximum
integration capacity is shared with the Mauricie, Montreal and Laval
regions.

6.15 LAURENTIDES ADMINISTRATIVE REGION — 15

The Laurentides administrative region is supplied from the
735/315 kV Chénier substation, the 735/120 kV Grand Brilé substation
and five 120 kV lines from the Carillon generating station. In
accordance with the stated underlying assumptions, the five lines
integrating the Carillon station power will not be included in the
analysis.

The Laurentides administrative region supply network analysis yields
a maximum integration capacity of 5,670 MW.

As most of the additional generation will be integrated into the
735/315 kV Chénier substation, and as it is part of the Montreal 735 kV
loop, the 735 kV network limitation does not apply.

The Laval and Outaouais regions share 2,000 MW of the 5,670 MW
Laurentides administrative region maximum integration capacity.
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6.16 MONTEREGIE ADMINISTRATIVE REGION — 16

The Montérégie administrative region is supplied from the 735/315 kV
Chateauguay, 735/315 kV Hertel, 735/230 kV Carignan, 735/315 kV
Boucherville, 735/120 kV Montérégie substations and 120 kV lines
integrating the Beauharnois generating station power and two 120 kV
lines supplying the Yamaska and Acton substations from the Centre-
du-Québec region.

In accordance with the stated underlying assumptions, the 120 kV
lines integrating the Beauharnois station and the 230 kV lines
integrating the Tracy generating station will not be included in the
analysis. The Montérégie administrative region supply network
analysis yields a maximum integration capacity of 21,650 MW. The
2,000 MW restriction imposed by the 735 kV network is only
applicable if the wind energy generation is integrated via the
Carignan and Montérégie substations.

6.17 CENTRE-DU-QUEBEC ADMINISTRATIVE REGION — 17

The Centre-du-Québec administrative region is mainly supplied from
the 735/230 kV Nicolet substation. This region feeds the Mauricie
region via a 230 kV lines to the Trois-Rivieres substation. In
accordance with the stated underlying assumptions, the 230 kV lines
integrating the Gentilly and the Bécancour generating station power
and the 120 kV lines integrating the Chute-Hemmings generating
station will not be included in the analysis. The Centre-du-Québec
administrative region supply network analysis yields a maximum
integration capacity of 3,000 MW. In view of the fact that the
integrated additional generation transits on the 735 kV network
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between Quebec and Montreal, the maximum integration capacity is
limited to 2,000 MW.

6.18 CONCLUSIONS

The main conclusions resulting from the regional integration without
infrastructure analysis are as follows:

» The 735 kV network between La Grande and Montreal and
between Manicouagan/Micoua and Montreal constitutes a major
obstacle towards integrating large amounts of wind energy type
generation within most of the regions whose networks are
connected to it; this with a 2,000 MW total capacity margin. None
of the regions may integrate more than 2,000 MW, and this figure
may be lower if the total region sub-networks capacity is lower.

= If the planned La Romaine complex integration is taken into
consideration, the 735 kV network between Labrador (Montagnais
substation) and the Manicouagan and Micoua substations has no
integration potential at all; the Cote-Nord region integration
potential to the East of these substations is therefore null under
the present configuration. A 2,000 MW integration potential for
direct integration into the last two substations mentioned is
however possible based on transformer additions.

» The major portion of the network load being located within the
greater Montreal region, energy from sites located in this region
(which  includes the Montreal, Laval and Montérégie
administrative regions) is not restricted by the above limitation; a
theoretical 38,400 MW integration potential has therefore been
recognised for this large region equipped with well developed
regional networks, but of which only a fraction can be integrated
due to network operational constraints.
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» The Outaouais, Lanaudiere and Laurentides region networks
transiting their energy via the 735 kV loop around Montreal are
not subjected to the 2,000 MW limitation and thereby represent a
theoretical integration potential of 8,670 MW. Only a fraction of
such can be integrated due to network operational constraints.

» The previous figures are not cumulative and the total capacity of
the sub-regions integrated on the 735 kV network cannot exceed
2,000 MW. The greater Montreal region sites are an exception to
this, but limited by the network’s global capacity as discussed
later.

6.19 INTEGRATION CAPABILITY WITH INFRASTRUCTURE ADDITION

6.19.1Transmission Network Infrastructure Additions

As the greater metropolitan region is mainly supplied from the
Montreal 735 kV loop, no infrastructure addition is required to make
available the identified additional integration capacities (with
reinforcement). Within the other administrative regions, a 18,630 MW
(20,630-2,000) and 3,300 MW (Co6te-Nord Eastern zone) potential
remains available at the sub-network level, which could be accessed
by increasing the 735 kV network transit capacity, currently limiting
this potential to 2,000 MW.

The above paragraphs previously mentioned 2,000 MW integration
capacity of the 735 kV network is secured by reinforcing the network
through an increase in the existing lines series compensation up to a
level of 50 to 60%. In order to make available the additional
integration capacity of the regions limited by the 735 kV transmission
network, new 735 kV lines must be added between La Grande and
Montreal and/or between Montagnais and Montreal.
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The addition of a transmission line between La Grande and Montreal
would increase the 735 kV transmission network’s global capacity by
approximately 3,000 MW, with the exception of the Montagnais-
Manicouagan/Micoua segment, remaining at its present limit, which
is null, and of the Manicouagan/Micoua-Lévis segment, that would
remain limited to 2,000 MW. With the exception of the regions
integrated between the Montagnais and Lévis substations, where the
capacity would remain unchanged, all the regions that are currently
limited by the transmission network would yield an additional
integration capability of 3,000 MW.

Except for the La Grande-Abitibi/Chibougamau zone, where the limit
would remain at 2,000 MW, the addition of a transmission line from
Montagnais to Montreal would increase the 735 kV transmission
network’s global capacity by approximately 3,000 MW, including the
Montagnais-Manicouagan segment. Except for the regions connected
to the La Grande-Abitibi/Chibougamau zone, where the limit would
remain at 2,000 MW within the regional network allowable limits, an
additional integration capability of 3,000 MW would be made
available to all the regions that are currently limited by the
transmission network.

6.19.2 Sub-networks Infrastructure Additions

The table below indicates examples of infrastructures additions
required in order to increase the integration capacity of the
administrative regions whose integration capacity is limited by the
sub-networks.
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Region

Addition

Additional capacity

Bas-St-Laurent

One 315 kV line from
Lévis to Riviere-du-loup

+ 1,000 MW

Outaouais

One 315 kV line from
Chénier to Vignan

+ 1,000 MW

Abitibi-Témiscamingue

One 315 kV line from
Abitibi to
Lebel/Quévillon

+ 1,000 MW

Nord-du-Québec

735/315kV Transformer,
addition to the Abitibi
substation (2 x 510 MVA)
735/315 kV
Transformers,

(2 x510 MVA) in
substations with no
transformation or in
735 kV substations
integrating generating
stations

+ 1,000 MW

+ 1,000 MW /
substation

Gaspésie-lles—de-la-
Madeleine

One 315 kV line from
Lévis to Matapédia

One 315 kV line from
Lévis to Rimouski and
two 230 kV lines from
Rimouski to Goémon

+ 1,000 MW

+ 800 MW
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7. TOTAL ENERGY LIMIT EVALUATION
7.1 INTRODUCTION

The first part of the report mainly addressed the analysis of the local
impacts in order to identify the maximum integration capacities, such
as power flows, voltages, short circuit levels, networks connections,
etc. The transmission network level impacts have also been analysed,
more particularly those related to the transmission network stability
limits. In order to establish the network’s global integration capacity
limit, that portion of the report analyses the integration impact of
large quantities of wind energy farms on the whole of the Hydro-
Québec generation system and transmission network.

The voltage regulation and network stability and frequency
regulation and load following impacts of massive installation of wind
energy farms must be evaluated, as the wind energy generation
fluctuates and is not easily controlled, and because the wind energy
farms do not have the same characteristics as conventional
generating stations. Moreover, since the Hydro-Québec network is
not operated in synchronism with the adjacent networks, the impact
of large quantities of wind power on the network under light loading
conditions will also be examined.

It should be noted that, prior to proceeding with the analysis of
different potential problems likely to have an impact on the global
limit, the generating stations integration to the Hydro-Québec
transmission network technical requirements must be brought up to
date regularly and taken into account.
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7.2 NETWORK STABILITY AND VOLTAGE CONTROL

The new generation variable speed wind energy farms can be
designed to be able to regulate voltage (i.e. continuously,
dynamically and rapidly contribute to the network voltage
regulation). Whilst, using capacitors, those that are not designed to
be able to regulate voltage, can maintain a unity power factor. As
voltage regulation is essential to maintain the Hydro-Québec network
stability, it is possible, through operational requirements, to
determine the minimum or maximum quantities of each type of wind
energy farms necessary to maintain an optimal regulation, regardless
of the quantity of wind energy farms being integrated into the
network.

Depending on their characteristics and/or their location, large scale
implementation of wind energy farms may at times have a positive,
neutral or negative impact on the network’s transient and/or dynamic
stability. However, in the case of a network such as that of Hydro-
Québec, there is a limit to the replacement of conventional
generation by wind energy generation.

An indication as to the global integration capacity with regards to
such an aspect can only be achieved through a sensitivity analysis
encompassing the different scenarios and parameters involved.

7.3 FREQUENCY CONTROL AND LOAD FOLLOWING

As the wind energy generation is difficultly predictable, variable in
time and essentially not controllable, the conventional generation
must ensure the supply/demand balance. As the ratio of wind energy
with respect to conventional generation increases, the more it will
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become necessary to utilise and/or add conventional generation
reserve to ensure the equilibrium at all times.

On a short-term basis, 24 hours in advance, the necessary
conventional generation reserves must be planned for such
equilibrium. The documents reviewed with respect to the current
practice indicate that, for networks with significant wind energy
generation, reserve levels may vary from 30 to 80% of such
generation. The greater the implementation, the higher is the
tendency to protect against the worst-case scenario thereby reaching
levels of 80%.

In order to maintain supply/demand balance and consequently the 60
Hz frequency, the conventional generating stations production is
increased or decreased in real time. The wind energy generation will
add or subtract to the load variations. The correction to be performed
by the conventional generation will be greatly increased when
maximum load variations occur at the same time as maximum wind
energy production variations (e.g., load increase concurrent with
wind reduction at the end of the afternoon during the winter).
Today’s peak network can cope with a 4,000 MW per hour production
variation (ramp). Assuming that 4,000 MW of wind energy were
installed and that the production would vary by 50% in one hour, the
ramp could reach a magnitude of 6,000 MW. The same possibility
would exist under load reduction and increased wind power
generation. A much more involved study would be required in order
to evaluate the possibility of coping with such ramps and
determining the means to be put in place and the achievable limits. It
should be noted again that the Hydro-Québec network is not
interconnected in synchronous mode and that it requires
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concurrently voltage control actions due to the length of the 735 kV
lines that it consists of.

In summary, insofar as the generation reserves are concerned, the
wind energy farms integration global limit should be considered as
being one of economical limitation. However, insofar as the real-time
balancing is concerned, an upward or downward ramp correction
limit of the generation with respect to the load does exist and can
only be established via more in depth studies.

7.4  LIGHT LOAD NETWORK

The Hydro-Québec network peaks during the winter season. In the
summer months, the minimum network load might be around 33% of
the winter peak. During these times of minimum load, Hydro-Québec
must maintain in service a minimum amount of hydraulic generation
in order to meet generation constraints such as the run of the river,
minimum flow, reservoir management, etc. Hydro-Québec must also
maintain a minimum amount of units in service at remote locations
in order to ensure the electrical network security and stability. The
same phenomenon can be observed during the spring flood, i.e. time
period during which the Hydro-Québec generating stations must
evacuate surplus upstream water. The recent years minimum
production level has been in the neighbourhood of 10,000 to
11,000 MW.

Recent HQT studies have demonstrated that under light load
conditions, it is currently possible to integrate 2,000 MW of wind
energy generation. Considering the current territorial diversities and
the wind conditions under light load conditions, such a level of
production could correspond to approximately 3,600 MW of wind
farm energy, i.e. 10% of the peak. Assuming that the low production
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level corresponds to approximately 30% of the peak, and an annual
load increase of 1%, the minimum load will grow by approximately
1,200 MW by 2015. Recognizing that the currently committed
additional “must run” production from non wind energy is
approximately 1,000 MW, an additional production of about 200 MW
can be associated to the wind energy generation. Based on the same
diversities and wind conditions as above, these 200 MW would
correspond to 360 MW of additional installed capacity that could be
integrated and added to the current 3,600 MW. As a result, by 2015, a
wind energy generation of approximately 4,000 MW could be
integrated, corresponding to 10% of the peak at that date

(40,000 MW).

There is no real technical solution to reaching beyond the 10% cap
imposed by the network operation under light load conditions. One
solution could be to stop as necessary either wind energy or
conventional generation not required insofar as the network security
or reliability is concerned. The number of idle hours would increase
with the amount of wind energy generation on the network, with an
economical impact increasing with such number.

7.5 IMPACT ON THE GENERATION RESERVE UTILISATION

Assuming an increase in demand from a 36,000 MW peak in 2005 to
40,000 in 2015, and taking into account the NPCC criteria with respect
to the programmable reserve required to ensure network stability
(11% of the peak as far as the Hydro-Québec generation system is
concerned), a 4,440 MW programmable reserve will have to be
installed before 2015 in order to ensure a reliability level equivalent
to the current one.
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The introduction of wind energy farms will, to a certain extent,
contribute to the required additional capacity. In the absence of
operational statistics specific to the Quebec province environment,
the level of wind farm energy that can be considered as
programmable reserve is difficult to evaluate. At the present time,
this level is estimated to be around 10 to 20% of the installed power.
For example, under an optimistic scenario, 1,000 MW of wind energy
generation could guarantee a maximum of 200 MW of programmable
reserve. In order to reach the above mentioned 4,440 MW, 4,240 MW
of conventional generation capacity would have to be added and
would have to be available at all times. Under the presently
committed 933 MW (see table 2.2, reference 6) of non wind energy,
an additional contribution of 3,307 MW is required.

Quebec’s annual energy consumption corresponds to an average
production of approximately 58% of the peak demand. A 4,000 MW
peak increase corresponds to a yearly consumption of 4,000 x 0.58 x
8,760 = 20.3 x 10° MWh (20.3 TWh). Based on a 35% availability level,
a 1,000 MW segment of wind energy would supply 1,000 x 0.35 x
8,760 MWh or 3.1 TWh. The committed 933 MW will supply 7.2 TWh
(see table 2.2, reference 6). The additional complementary
conventional generation will supply the required additional 10 TWh,
which corresponds to a 34.5% utilisation factor.

A similar calculation can be done for varying levels of wind energy
generation penetration. As an example, the table below indicates the
parameters corresponding to such generation penetration rates
reaching 5%, 7.5%, 10% and 12.5% of the 2015 peak.
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Installed wind energy power (MW) 2,000 3,000 | 4,000 | 5,000
Wind energy penetration rate 5% 7.5% 10% | 12.5%
Committed capacity (MW) 933 933 933 933
Additional conventional power required (MW) | 3,107 2,907 | 2,707 | 2,507
Generation (TWh)

e From wind energy 6.1 9.2 12.3 15.3
e From committed capacity 7.2 7.2 7.2 7.2
e From additional conventional generation 7.0 3.9 0.8 0
Additional conventional generation utilisation| 25.6% | 15.3% | 3.5% 0%
factor

This example illustrates the impact of an increasing wind energy
generation penetration on the economic return of the installed
additional programmable conventional generation power required
for the network reliability, the impact being directly related to the
utilisation factor. The power and energy figures indicated here for
2015 may differ slightly from those indicated within the Acquisition
Plan submitted to the Energy board in the fall of 2004, but still
represent adequate orders of magnitude permitting to comprehend
the situation facing the producer in order for him to ensure network

reliability.
7.6  CONCLUSION
The overall limitation to a massive integration of wind generation to
the Hydro-Québec network is dependent on four major factors,
namely:
e The generation reserve;
e The voltage control and network stability;
e The frequency control and load following;
e The network operation under light load conditions.
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In the case of generation reserves, the wind energy farm integration
global limit is only limited by economical considerations; each wind
energy installation addition must be associated with the necessary
generation reserve addition.

Insofar as the voltage control and network stability are concerned,
the number of scenarios and parameters involved require a
sensitivity analysis. Such study would determine the “soft” limits
that could be increased by available means (such as synchronous
compensators) and the “hard” limits that cannot be increased
because of the Hydro-Québec network size and the fact that it is not
synchronously interconnected.

As far as the frequency control and the load following are concerned,
here again, the number of scenarios and parameters involved require
a sensitivity analysis. Such study would determine the “soft” limits
that could be increased by available means (such as automation) and
the “hard” limits that cannot be increased because of the Hydro-
Québec network size and the fact that it is not synchronously
interconnected.

In the case of network operation under light load conditions, it would
have been possible to integrate approximately 3,600 MW in 2004 by
imposing export during certain periods without significant
constraints being imposed to the operations. This value could be in
the 4,000 MW range in 2015. Providing that increasingly more
stringent operation restrictions are imposed to wind farms with the
increased penetration, higher values could well be acceptable.
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Summarizing, at the present time, the global integration limit is
relatively “vague” and depends on both technical and economical
considerations. Extensive simulation studies could define more
precisely some of the factors susceptible to have an impact on this
limitation and identify solutions that might enable an increase in the
wind energy generation penetration. Certain other factors having an
influence on the penetration limit are related to strategic and cost
considerations, mainly insofar as the generation reserve is
concerned.

The European experience could well serve as a potentially applicable
methodology benchmark. There, network operators face ever
increasing problems related to country networks as well as
interconnections not planned for heavy energy flows, and difficult to
control. If the 75 GW wind energy capacity is reached as planned in
2010, it will be close to 20% of the UCTE interconnected network
peak, the later having a more favourable topology than that of Hydro-
Québec and significantly higher minimum load / maximum load ratio.

Over and above the network reinforcement and imposition of more
severe wind generator electrical behaviour criteria, it may well
become necessary to impose a more rigid control of the network
operators insofar as the wind energy production level is concerned in
relationship with the network status.

Hydro-Québec TransEnergie presently considers that a 10% limit may
be reached without major problems. In order to facilitate such
integration, HQT has established in December 2004 new
requirements for the wind energy farms behaviour. In addition, the
operator considers that a controlled strategic development would
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allow a gathering of additional data about wind energy farm
behaviour within a context specific to the province and its own
network. Analysis of such data would enable identification of
potential problems and reposition the integration strategy as
required.

The HQT approach is prudent and probably conservative. Simulation
studies could possibly define a higher limit. Whereas all operators
are continuously raising the integration capacity question, no precise
answer can be given at the present time. The 60% penetration
reached on the Danish network is not a valid reference as this small
network has a large interconnection potential with a strong network.

Recognizing on the one hand the present uncertainties with regards
to the wind energy generation in the Province of Quebec and, on the
other, the insufficient amount of studies currently available with
regards to voltage regulation, network stability and real time
balancing under heavy penetration of such type of generation, it is
not possible at this juncture to ascertain that the network is presently
capable of integrating an installed wind energy capacity higher than
approximately 10% of the network peak, i.e. above 3,600 MW in 2005,
4,000 MW in 2015.

Assuming that the above mentioned studies would permit
concluding to the possibility of reaching a higher level of penetration,
with or without additional devices on the network, the light load level
operation requirements and the usage of the complementary reserve
would bring about economic constraints that would increase with the
level of penetration. Among others, the producers should expect to
be imposed generation ceiling levels dependant on the installed
capacity, and they will be responsible for evaluating the impact of
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such ceilings on the proposed site return. The costs associated with
the additional equipment that could possibly be required to increase
the integration capacity beyond the previously mentioned limit must
also be taken into account.
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APPENDIX A1

BAS-ST-LAURENT



Integration Capability without Infrastructure Additions by Administrative Region

Appendix A1 - Region 01 — Bas-St-Laurent

Substation Transmission Lines Integration Comments
capacity
(MW)
Lévis (12-01) Supply substation, outside the region
735/315 kV 315 kV lines to :
Riviere-du-Loup (01-01) 550 2,000 MW (N-2) less 1,450 MW installed or planned wind
energy
Riviére-du-Loup (01-01) 550 2,000 MW thermal limit less 1,450 MW planned wind
315/230 kV energy, including 200 MW at Riviére-du-Loup.
315 kV and 230 kV lines to:
Rimouski (01-02) 0 1,000 MW thermal limit less planned 1,250 MW (N-2
beyond 1,000 MW)
Rimouski (01-02) 960
315/230 kV 315 kV lines to:
Matapédia (11-01) 710 1,000 MW lines thermal capacity, less 100.5 MW at I’Anse-
a-Valleau, 80 MW at Copper Mountain and 109.5 MW
230 kV lines to: planned for Carleton
Les Boules (01-03) 250
Les Boules (01-03) 250
230 kV 230 kV lines to:
Matane (01-04) 50 1,000 MW thermal limit (N-2 beyond 1,000 MW) less wind
energy east of Matane and the three wind farms at
Méchins, 150 MW, at St-Ulric, 150 MW and at Baie-des-
Sables, 109.5 MW.
Matane (01-04) 250 800 MW thermal limit less 370 MW planned on 230 kV,
230 kV 230 kV lines to: half of the wind farm planned for Copper Mountain, and
Goémon (11-08) 250 100 MW for Nordais.

Notes: The Bas-St-Laurent administrative region integration capacity (without infrastructure addition) is 550 MW. This limit is shared with the
Gaspésie-lles-de-la- Madeleine and the Chaudiére-Appalaches regions.

The 735 kV transmission network limits the region’s integration to 2,000 MW.

The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region Appendix A2 — Region 02 - Saguenay — Lac-Saint-Jean

Substation Transmission Lines Integration Comments
capacity
(MW)
Saguenay (02-01) 2,100 Substation transformation capacity
735/161 kV
161 kV lines to :
Jonquiere/St-Ambroise/Chicoutimi-Nord (02- Péribonka generating station integration,
02/03/06) Cascades/Jonquiére/Jean-Deschénes (02- capacity not evaluated.
05/06/07) 2 x 200
Dubuc/Chicoutimi/Port-Alfred (02-08/09/10) 2 x 200
Laterriére (02-11) 2 x 200
Loop around the lake and substations supplied by Private network, capacity not evaluated.
Alcan
Interconnection lines between the Capitale- Interconnection lines, capacity not evaluated.

Nationale and the Alcan network

Notes: The Saguenay-Lac-Saint-Jean administrative region integration capacity (without infrastructure addition) is 2,100 MW.
The 735 kV transmission network limits the region’s integration to 2,000 MW.
The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region

Appendix A3 — Region 03 - Capitale-Nationale

Substation Transmission Lines Integration Comments
capacity
(MW)
Jacques-Cartier (03-01) 1,650 Substation transformation capacity
735/315 kV 315 kV lines to :
Laurentides (03-02) 3,000 4 - 315 kV circuits available
Mauricie (04-01) 3,000 4 - 315 kV circuits available
Laurentides (03-02) 2,000 Substation transformation capacity
735/315 kV 315 kV lines to :
Neufchatel (03-06) 1,000
Quebec 315 kV (03-04) 1,000
Bersimis | & Il (09-21) - - Generating station integration, capacity not evaluated.
Laurentides (03-02) 748 Substation transformation capacity
315/230 kV 230 kV lines to :
La Suéte (03-05) 400
Quebec 230 kV (03-04) 400

Notes: The Capitale-Nationale administrative region integration capacity (without infrastructure addition) is 3,650 MW.
It is shared with the Mauricie region

The 735 kV transmission network limits the region’s integration to 2,000 MW.
The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region Appendix A4 — Region 04 - Mauricie

Substation Transmission Lines Integration Comments
capacity
(MW)
Jacques-Cartier (03-01) Supply substation, outside the region
735/315 kV 315 kV lines to :
Mauricie (04-01) 2,000 4 - 315 kV circuits available (N-2)
Mauricie (04-01) 1,120 Substation transformation capacity
315/230 kV 315 kV lines to :
Bout-de-I'lle (06-25) 1,000 2 - 315 kV circuits available
Lanaudiere (14-01) 1,000 2 - 315 kV circuits available
230 kV lines to :
Des Hétres (04-03) Generating station integration, capacity not evaluated.
Trois-Riviéres (04-04) Idem
La Gabelle (04-05) Idem
Trois-Rivieres (04-04) 230 kV lines to :
230/120 kV Francheville (04-06) Generating station integration, capacity not evaluated.

Notes: The Mauricie administrative region integration thermal capacity (without infrastructure addition) is 4,000 MW and is also limited to
4,000 MW by the short circuit level and shared with the Capitale-Nationale, Montreal and Lanaudiére.

The 735 kV transmission network limits the region’s integration to 2,000 MW.

The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region

Appendix A5 — Region 05 - Estrie

Substation Transmission Lines Integration Comments
capacity
(MW)

Des Cantons (05-01) 2,200 Substation transformation capacity
735/230 kV 230 kV lines to :

Sherbrooke (05-02) 400

Windsor (05-04) 400

Domtar (05-04) 400

120 kV lines to :

Sherbrooke (05-02) 200

Sherbrooke/Kruger (05-02/05) 200

Domtar (05-04) 200

Windsor (05-03) 200
Sherbrooke (05-02) 1,200 Substation transformation capacity
230/120 kV 120 kV lines to :

Magog/Stukely (05-06/07) 200

Magog/Hydro Magog (05-06/08) 200

B.0.C. Gas/Eka Chimie (05-09/10) 200

Beaulieu/Coaticook (05-11/12) 200

Orford/Galt (05-13/14) 200

Orford/Bromptonville/East Angus 200

(05-13/15/16)

Cascade/Weedon/Megantic/Lambton 200

(05-17/18/19/20)

Galt/Saint-Francois (05-14/21) 200

Stanstead (05-22)

Interconnection line, capacity not evaluated

Notes: The Estrie administrative region integration capacity (without infrastructure addition) is 2,200 MW.
The 735 kV transmission network limits the region’s integration to 2,000 MW.

The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region

Appendix A6 — Region 06 - Montreal

Substation Transmission Lines Integration Comments
capacity
(MWw)

Duvernay (13-01) -- Supply substation, outside the region
735/315 kV 315 kV lines to :

Saraguay (06-01) 2,000

Notre-Dame (06-02) 1,000

Montréal-Est/Charland (06-03/04) | 1,000
Saraguay (06-01) 1,050 Substation transformation capacity
315/120 kV 120 kV lines to :

De Salaberry/Baie-d'Urfé (06- | 2 x 200

05/07) 2x 200

Laurent/Mont-Royal (06-08/09) 200

Laurent/Hamstead/Mont-Royal

(06-08/10/09) 2 x 200

Reed (06-11)
Notre-Dame (06-02) 1,350 Substation transformation capacity
315/120 kV 120 kV lines to :

Berri (06-12) 200 Underground cables

De Lorimier/Berri (06-13/12) 200 Underground cables

Jeanne-d’Arc/Longue-Pointe 200 Underground cables

(06-14/15)

Longue-Pointe (06-15) 2x 200 Underground cables
Chomedey (13-02) -- Supply substation, outside the region
120 kV 120 kV lines to :

Fleury (06-16) 4 x 200
Fleury (06-16)
120 kV 120 kV lines to :

Beaumont (06-17) 4 x 200

Reed (06-11) 200
RSW Inc. -AB/1- January 2005
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Integration Capability without Infrastructure Additions by Administrative Region

Appendix A6 — Region 06 - Montreal

Substation Transmission Lines Integration Comments
capacity
(MW)

Hertel (16-49) Supply substation, outside the region
735/315 kV 315 kV lines to :

Aqueduc (06-18) 1,000

Viger (06-19) 1,000
Viger (06-19) 0 Switching substation
315 kV 315 kV lines to : No transformation

Guy (06-20) 300 Underground cables

Atwater (06-21) 1,000

Aqueduc (06-18) 1,000
Aqueduc (06-18) 900 Substation transformation capacity
315/120 kV 120 kV lines to :

Rockfield/Hampstead (06-22/10) 2x 200

Hadley (06-23) 2 x 200

Atwater (06-21) - - Limit due to the Rolls Royce generating station
Atwater (06-21) 450 Substation transformation capacity
315/120 kV 120 kV lines to :

Hadley (06-23) 200

Guy/Maisonneuve (06-20/24) 200

Guy (06-20) 200
Boucherville (16-03) -- Supply substation, outside the region
735/315 kV 315 kV lines to :

Bout-de-I'lle (06-25) 1,000

Notre-Dame (06-02) 1,000
Lanaudiere (14-01) - - Supply substation, outside the region
315/120 kV 315 kV lines to :

Bout-de-I'lle (06-25) 1,000 2 — 315 kV circuits available
RSW Inc. -A6/2- January 2005
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Integration Capability without Infrastructure Additions by Administrative Region Appendix A6 — Region 06 - Montreal

Substation Transmission Lines Integration Comments
capacity
(MW)
Mauricie (04-01) Supply substation, outside the region
315/120 kV 315 kV lines to :
Bout-de-Ille (06-25) 1,000 2 — 315 kV circuits available
Bout-de-I'lle (06-25) 1,400 Substation transformation capacity
315 kV 120 kV lines to :
Bourassa (06-26) 200
Bourassa/Noranda (06- | 200
26/27) 200
Noranda (06-27) 4 x 200
Bélanger (06-28)

Notes: The Montreal administrative region integration capacity (without infrastructure addition) is 10,800 MW, shared with the Mauricie and
Lanaudiére regions.

The region is supplied from the 735 kV Montreal loop, there is therefore no limitation due to the 735 kV transmission network.

The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region

Appendix A7 — Region 07 - Outaouais

Substation Transmission Lines Integration Comments
capacity
(MW)

Chénier (15-01) -- Supply substation, outside the region
735/315 kV 315 kV lines to :

Petite-Nation (07-01) 1,000
Petite-Nation (07-01) 900 Substation transformation capacity
315/120 kV 315 kV lines to :

Vignan (07-02) 1,000

120 kV lines to :

Papineauville (07-03) 200

Papineauville/Calumet (07-03/15-04) 200

Chénéville (07-04) 200

Thurso (07-05) -- Private network, capacity not evaluated

MacLaren (07-06) -- Private network, capacity not evaluated
Vignan (07-02) 1,350 Substation transformation capacity
315/120 kV 120 kV lines to :

Gatineau/Templeton (07-07/08) 200

Bowater (07-09) 2 x 200

Touraine (07-10) 2 x 200 Underground cables

Chelsea/Rapides-Farmers (07-11/12)
Limbour/Rapides-Farmers (07-13/12)

Val-Tétreau/Lucerne (07-14/15)

Generating station integration, capacity
evaluated.
Generating station integration, capacity
evaluated.
Generating station integration, capacity
evaluated.

not

not

not

Notes: The Outaouais administrative region integration capacity (without infrastructure addition) is 1,000 MW, shared with the Laurentides

region.

The region is supplied from the 735 kV Montreal loop, there is therefore no limitation due to the 735 kV transmission network.
The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region

Appendix A8 — Region 08 - Abitibi-Témiscamingue

Substation Transmission Lines Integration Comments
capacity
(Mw)
Abitibi (10-01) -- Supply substation, outside the region
735/315 kV 315 kV lines to :
Lebel (08-01) 1,000
Lebel (08-01) 900
315/120 kV 315 kV lines to :
Figuery (08-02) 1,000
120 kV lines to :
Quévillon/Domtar (08-03/04) 2 x 200
Mine-Gonzague (08-05) 50 Thermal limit
Val-d'Or/Saint-Blaise (08-06/07) 50 Thermal limit
Figuery (08-02) 720 Substation transformation capacity
315/120 kV 120 kV lines to :
Amos (08-08) 50 Thermal limit
Amos/Abitibi Consol (08-08/09) 50 Thermal limit
Coigny/Poirier/Matagami/Mines-Selbaie 50 Thermal limit
(10-16/17/18/19)
Val-d'Or/Louvicourt (08-06/10) 50 Thermal limit
Saint-Blaise/Senneterre (08-07/11) 50 Thermal limit
Cadillac (08-12) 2 x50 Thermal limit
Palmarolle (08-13) 50 Thermal limit
Mines-Bouchard/Rouyn (08-14/15) 50 Thermal limit
Rouyn (08-15)
120 kV 120 kV lines to :
Noranda (08-16) 50 Thermal limit
Reneault/Palmarolle (08-17/13) 50 Thermal limit
Mines-Doyon/Cadillac(08-18/12) 50 Thermal limit
Mines-Laronde/Cadillac (08-19/12) 50 Thermal limit
Rapide-des-iles (08-20) 10 Generating station integration
Premiére Chute (08-21) 10 Generating station integration
Pandora/Rapide-2 (08-22/23) 10 Generating station integration

Notes: The Abitibi-Témiscamingue administrative region integration capacity (without infrastructure addition) is 1,000 MW, shared with the
Nord-du-Quebec region

The 735 kV transmission network limits the region’s integration to 2,000 MW.

The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region

Appendix A9 — Region 09 - Céte-Nord

Substation Transmission Lines Integration Comments
capacity
(MW)
Montagnais (09-01) 1,200 Substation transformation capacity
735/315 kV
Arnaud (09-02) 2,100 Substation transformation capacity
735/161 kV 161 kV lines to :
Sainte-Marguerite-3 (09-03) 200
Laure (09-04) 2 x 200
C.M.Q.R./Uniforét (09-05/06) 200
Pointe-Noire (09-07) 200
Alouette (09-08) 2 x 200
Sept-iles (09-09) 200
Riviere-au-Tonnerre/Natashquan -- Wind energy integration very limited due to the
(09-10/11) line length
Port-Cartier/Riv. aux Wind energy integration very limited due to the
Rochers/Godbout -- line length
(09-12/13/14)
Micoua (09-15) Generating station integration, capacity not
735/315 kV evaluated. The integration capacity may be
increased by adding transformers.
Manicouagan (09-16) Generating station integration, capacity not
735/315 kV evaluated. The integration capacity may be
increased by adding transformers
Hauterive (09-17) Generating station integration, capacity not
315/161 kV 161 kV lines to : evaluated.
Alcoa (09-18) 2 x 200
Lafleche (09-19) 200

McCormick (09-20)

Generating station integration, capacity not
evaluated.

Notes: The Cote-Nord administrative region integration capacity (without infrastructure addition) is 3,300 MW.

The 735 kV transmission network limits the region’s integration to 0 MW between Montagnais and Manicouagan/Micoua, considering the
planned (but not committed) 1,500 MW from the La Romaine development. It is 2,000 MW on the west side of these substations..

The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region

Appendix A10 - Region 10 — Nord-du-Québec

Substation Transmission Lines Integration Comments
capacity
(MW)

Abitibi (10-01) 1,620 Substation transformation capacity
735/315/161 kV 315kV lines to :

Lebel (08-01) 1,000
Chibougamau (10-02) 500 Substation transformation capacity
735/161 kV 161 kV lines to :

Chapais (10-14) 200

Obalski (10-15) 200

Obatogamau(10-08) 200 200
Némiscau (10-03) 0 No transformation
735 kV
Albanel (10-04) 0 No transformation
735/315 kV
Radisson (10-05) -- Generating station integration, capacity not evaluated.
735/315 kV
Chissibi (10-06) -- Generating station integration, capacity not evaluated.
735 kV
LG-1 (10-07) -- Generating station integration, capacity not evaluated.
315/120 kV 120 kV lines to :

Chisasibi (10-06) 200
Lemoyne (10-09) -- Generating station integration, capacity not evaluated.
735 kV
Tilly (10-10) -- Generating station integration, capacity not evaluated.
735/315 kV
Nikamo (10-11) -- Generating station integration, capacity not evaluated.
315 kV
Laforge-2 (10-12) -- Generating station integration, capacity not evaluated.
315 kV
Brisay (10-13) Generating station integration, capacity not evaluated.
315 kV

Notes: The Nord-du-Québec administrative region integration capacity (without infrastructure addition) is 2,120 MW, shared with the Abitibi-
Temiscamingue region

The 735 kV transmission network limits the region’s integration to 2,000 MW.

The numeral references correspond to substation identification on the region map.
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APPENDIX A11

Gaspésie-lles-de-la-Madeleine



Integration Capability without Infrastructure Additions by Administrative Region Appendix A11- Region 11 - Gaspésie-Iles-de-la-Madeleine

Substation Transmission Lines Integration Comments
capacity
(MW)
Rimouski (01-02) -- Supply substation, outside the region
315/230 kV 315 kV lines to :
Matapédia (11-01) 710 1,000 MW line thermal capacity less 100.5 MW at I’Anse-a-
Valleau, 80 MW at Copper Mountain and 109.5 MW planned
at Carleton
Matapédia (11-01) 710 1,000 MW line thermal capacity less 100.5 MW at I’Anse-a-
315/230 kV 230 kV lines to : Valleau, 80 MW at Copper Mountain and 109.5 MW planned
Cascapédia (11-02) 220 at Carleton
Cascapédia (11-02) 220
230/25 kV 230 kV lines to :
Micmac (11-03) 220 400 MW lines thermal capacity less 100.5 MW at I’Anse-a-
Valleau, 80 MW at Copper Mountain
Micmac (11-03) 220
230/161 kV 161 kV lines to :
Copper Mountain (11-04) 120 200 MW lines thermal capacity less 80 MW wind energy at
Copper Mountain
Percé (11-05) 100 Capacity limited by the line length
Gaspé/Riviere-au-Renard 0 Capacity reached with the addition of 100.5 MW at I’Anse-a-
(11-06/07) Valleau
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Integration Capability without Infrastructure Additions by Administrative Region Appendix A11 — Region 11 - Gaspésie-Iles-de-la-Madeleine

Substation Transmission Lines Integration Comments
capacity
(MW)
Matane (01-04) -- Supply substation, outside the region
230/25 kV 230 kV lines to :
Goémon (11-08) 350
Goémon (11-08) 350 800 MW lines thermal limit less 370 MW and 80 MW
230/161 kV 230 kV lines to : planned wind energy
Mont-Louis/Montagne- 0 The 230 kV double circuit line capacity is reached due to
Seche* the line length
Gros-Morne* 200 MW capacity less half of the 162 MW Cooper
161 kV lines to : 120 Mountain wind farm
Riviere-Sainte-Anne(11-09)

Notes: The Gaspésie-lles-de-la-Madeleine administrative region integration capacity (without infrastructure addition) is 1,060 MW, This capacity is
however reduced to 550 MW, shared with the Bas-Saint-Laurent region, because of the limit imposed by the 315 kV lines between the Riviere-du-
Loup et Lévis substation. Furthermore, the wind energy produced in the Chaudiére-Appalaches region which transits along these lines must be
deducted from this potential.

The transmission network limits the region’s integration to 2,000 MW.

The numeral references correspond to substation identification on the region map

* Future substations required for the integration of the 1,000 MW acquired by HQD in 2004.
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APPENDIX A12

Chaudiére-Appalaches



Integration Capability without Infrastructure Additions by Administrative Region Appendix A12 — Region 12 - Chaudiére-Appalaches

Substation Transmission Lines Integration Comments
capacity
(MW)

Lévis (12-01) 3,360 Substation transformation capacity
735/315 kV 315 kV lines to :

Riviere-du-Loup (01-01) 550 Bas-St-Laurent region region global limit
Lévis (12-01) 3,000 Substation transformation capacity
735/230 kV 230 kV lines to :

Bourget/ La Durantaye/ 2 x 400

Montmagny

(12-02/03/04)

Beauceville (12-09) 400

Chaudiére (12-06) 2 x 400
Chaudiére (12-06) 515 Substation transformation capacity
230/120 kV 230 kV lines to :

La Suéte (03-05) 400 This line crosses the river

120 kV lines to :

Sainte-Claire (12-07) 200
Appalaches (12-08) 1,200 Substation transformation capacity
735/230 kV 230 kV lines to :

Thetford (12-09) 2 x 400
Thetford (12-09) 470 Substation transformation capacity
230/120 kV 230 kV lines to :

Antoine-Lemieux (12-10) 400

120 kV lines to :

Coleraine (12-11) 200
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Integration Capability without Infrastructure Additions by Administrative Region Appendix A12 — Region 12 - Chaudiére-Appalaches

Substation Transmission Lines Integration Comments

capacity

(MW)
Beauceville (12-05) 800 Substation transformation capacity
230/120 kV 120 kV lines to :

Saint-Joseph/Sainte-Marie/Sainte-Claire | 200
(12-12/13/07)

East Broughton (12-14) 200
Sainte-Germaine/Daaquam 200
(12-15/16)

Beauceville-Est/Bolduc 200
(12-17/18)

Saint-Georges/Liniére (12-19/20) 200
Saint-Evariste (12-21) 200

Notes: The Chaudiere-Appalaches administrative region integration capacity (without infrastructure addition) is 7,560 MW, shared with the
Bas-St-Laurent region and the Gaspésie — iles-de-la-Madeleine region.

The 735 kV transmission network limits the region’s integration to 2,000 MW.

The numeral references correspond to substation identification on the region map
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Laval



Integration Capability without Infrastructure Additions by Administrative Region Appendix A13 — Region 13 - Laval

Substation Transmission Lines Integration Comments
capacity
(MW)
Duvernay (13-01) 4,950 Substation transformation capacity
735/315 kV 315 kV lines to :
Saraguay (06-01) 2,000
Chomedey (13-02) 1,000
Notre-Dame (06-02) 1,000
Montréal-Est (06-03) 1,000
Lanaudiere (14-01) 1,000 2 - 315 kV circuits available
Duvernay (13-01) 1,800 Substation transformation capacity
315/120 kV 120 kV lines to :
Boul. Labelle/Sainte-Rose (15-19/13-03) | 2 x 200
Sainte-Anne-des-Plaines (15-20) 2 x 200
Sainte-Rose/Renaud (13-03/04) 2 x 200
Landry (13-05) 2 x 200
Saint-Francois/Terrebonne/ 2 x 200
Repentigny (13-06/14-16/14-15)
Mascouche (14-14) 200
Chénier (15-01) -- Supply substation, outside the region
735/315 kV 315 kV lines to :
Chomedey (13-02) 1,000
Chomedey (13-02) 1,350 Substation transformation capacity
315/120 kV 120 kV lines to :
Fleury (06-16) 3 x 200
Charland/Fleury (13-06/04) 200
Plouffe (13-07) 2x 200
Saint-Eustache (15-21) -- Generating station integration, capacity not
evaluated.
Carillon (15-22) -- Generating station integration, capacity not
evaluated.
Mirabel (15-23) -- Generating station integration, capacity not
evaluated.
Sainte-Thérése (15-24) -- Generating station integration, capacity not
evaluated.

Notes: The Laval administrative region integration capacity (without infrastructure addition) is 5 ,950 MW, shared with the Laurentides and
Lanaudiere regions.

The region is supplied from the 735 kV Montreal loop, there is therefore no limitation due to the 735 kV transmission network.

The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region

Appendix A14 — Region 14 - Lanaudiére

Substation Transmission Lines Integration Comments
capacity
(MW)

Duvernay (13-01) -- Supply substation, outside the region
735/315 kV 315 kV lines to :

Lanaudiere (14-01) 1,000
Lanaudiere (14-01) 1,350 Substation transformation capacity
315/120 kV 315 kV lines to :

Bout-de-I'lle (06-25) 1,000 2 — 315 kV circuits available

Mauricie (04-01) 1,000 2 - 315 kV circuits available

120 kV lines to :

Ramezay (14-02) 200

Sainte-Emilie/Magnan (14-03/04) | 200

Laurendeau/Magnan/Provost 200

(14-05/04/06)

Joliette/Alpha (14-07/08) 2x200

Kildare (14-09) 2x200

Lavaltrie/L’Assomption (14-10/11) | 200

Lavaltrie/St-Sulpice/Berthier 200

(14-10/12/13)
Duvernay (13-01) -- Supply substation, outside the region
315/120 kV 120 kV lines to :

Mascouche/Repentigny (14-14/15) | 200

Terrebonne/Repentigny (14- | 200

16/15)

Notes: The Lanaudiére administrative region integration capacity (without infrastructure addition) is 3,000 MW, shared with the Montreal,

Mauricie and Laval regions.

The region is supplied from the 735 kV Montreal loop, there is therefore no limitation due to the 735 kV transmission network.
The numeral references correspond to substation identification on the region map.
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Integration Capability without Infrastructure Additions by Administrative Region

Appendix A15 — Region 15 - Laurentides

Substation Transmission Lines Integration Comments
capacity
(MW)

Chénier (15-01) 4,950 Substation transformation capacity
735/315 kV 315 kV lines to :

Lafontaine (15-02) 1,000

Chomedey (13-02) 1,000

Vignan (07-02) 1,000
Lafontaine (15-02) 900 Substation transformation capacity
315/120 kV 120 kV lines to :

Lachute (15-03) 200

Calumet (15-04) 200

Roland/Arthur-Buies (15-05/06) 2 x 200

Paquin (15-07) 200

Paquin/Doc-Grignon/Arthur-Buies 200

(15-07/08/06)

Paquin/St-Sauveur/Ste-Agathe 200

(15-07/09/10)
Grand-Brulé (15-11) 720 Substation transformation capacity
735/120 kV 120 kV lines to :

Sainte-Agathe/Saint-Sauveur 200

(15-10/09)

Saint-Donat/Ouimet (14-01/15-12) 200

Joly/L’Annonciation/Mont-Laurier 2 x50 Thermal limit

(15-13/14/15)

Lac-des-iles/Notre-Dame-du-Laus -- Generating station integration, capacity not evaluated.

(15-16/17)
La Vérendrye (15-18) 10 The wind energy integration has been limited due to
735/25 kV 161 kV lines to : the auxiliary services

Parent (04-02) 200

Notes: The Laurentides administrative region integration capacity (without infrastructure addition) is 5,670 MW, shared with the Outaouais and

Laval regions.

The region is supplied from the 735 kV Montreal loop, there is therefore no limitation due to the 735 kV transmission network.
The numeral references correspond to substation identification on the region map.
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APPENDIX A16

Montérégie



Integration Capability without Infrastructure Additions by Administrative Region

Appendix A16- Region 16 -Montérégie

Substation Transmission Lines Integration Comments
capacity
(Mw)

Carignan (16-01) 2,000 Substation transformation capacity
735/230 kV 230 kV lines to :

Tracy (16-02) -- Generating station integration, capacity not evaluated.

Boucherville (16-03) 400
Boucherville (16-03) 4,950 Substation transformation capacity
735/315 kV 315 kV lines to :

Bout-de-I'lle (06-25) 1,000

Notre-Dame (06-02) 1,000

Brossard (16-04) 1,000
Boucherville (16-03) 3,000 Substation transformation capacity
735/230 kV 230 kV lines to :

Varennes (16-07) 400

Saint-Césaire (16-05) 800

Rouville (16-06) 400
Varennes (16-07) 400 Substation transformation capacity
230/120 kV 230 kV lines to :

Sorel-Sud (16-08) 400

120 kV lines to :

Pierre-Boucher (16-09) 200

Contrecoeur (16-10) 200
Montérégie (16-11) 1,800 Substation transformation capacity
735/120 kV 120 kV lines to :

Hériot (17-03) 200

Acton (16-12) 200

Sainte-Rosalie/Saint-Césaire 200

(16-13/05)

Casavant/Saint-Césaire (16-14/05) | 200

Leclerc (16-15) 2x 200
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Integration Capability without Infrastructure Additions by Administrative Region Appendix A16- Region 16 —-Montérégie

Substation Transmission Lines Integration Comments
capacity
(MWw)

Saint-Césaire (16-05) 1,400 Substation transformation capacity
230/120 kV 120 kV lines to :

Ivaco (16-16) 200

Iberville (16-17) 200

Saint-Sébastien/Bedford (16-

18/19) - - Generating station integration, capacity not evaluated.

Farnham/Bedford (16-20/19) - - Generating station integration, capacity not evaluated.

Cleveland (16-21) 200

Cleveland/Waterloo (16-21/23) 200

Granby/Leclerc (16-24/15) 200

Cowanesville/Leclerc (16-22/15) 200
Hertel (16-49) 4,950 Substation transformation capacity
735/315 kV 315 kV lines to :

Laprairie (16-25) 1,000

Viger (06-19) 1,000

Aqueduc (06-18) 1,000
Laprairie (16-25) 2,250 Substation transformation capacity
315/120 kV 315 kV lines to :

Brossard (16-04) 1,000

120 kV lines to :

Delson (16-26) 2 x 200

Mercier/De Léry (16-27/28) 200

Central (06-06) 200

Saint-Maxime/Central (16-29/06- | 200

06)

Saint-Maxime/Marie-Victorin 2 x 200

(16-29/30)

Saint-Basile/Chambly (16-31/32) 2 x 200

Richelieu/L’'Acadie (16-33/34) 2 x 200
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Integration Capability without Infrastructure Additions by Administrative Region Appendix A16- Region 16 -Montérégie

Substation Transmission Lines Integration Comments
capacity
(MW)

Chateauguay (16-35) 4,950 Substation transformation capacity
735/315 kV 315 kV lines to :

Langlois (16-36) 1,000

De Léry (16-28) 1,000
Langlois (16-36) 900 Substation transformation capacity
315/120 kV 120 kV lines to :

Laroque (16-37) 2 x 200

Valleyfield/Noranda (16-38/39) 2 x 200

Beauharnois (16-40) - - Generating station integration, capacity not evaluated.
De Léry (16-28) 900 Substation transformation capacity
315/120 kV 120 kV lines to :

Saint-Louis (16-41) 2 x 200

Mercier (16-27) 200

Saint-Rémi (16-43) 200

Napierville (16-44) 200
Saint-Louis (16-41)

120 kV lines to :

Ormstown (16-45) 200

Huntingdon (16-46) 200

Saint-Chrysostome/Hemingford | 200

(16 — 47/68

Notes: The Montérégie administrative region integration capacity (without infrastructure addition) is 21, 650MW.
The region is supplied from the 735 kV Montreal loop, there is therefore no limitation due to the 735 kV transmission network.
The numeral references correspond to substation identification on the region map.
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Centre-du-Québec



Integration Capability without Infrastructure Additions by Administrative Region

Appendix A17- Region 17 — Centre-du-Québec

Substation Transmission Lines Integration Comments
capacity
(MW)

Nicolet (17-01) 3,000 Substation transformation capacity
735/230 kV 230 kV lines to :

Bécancour (17-02) 50 Limit due to the Trans Canada Energy generating

station integration

Hériot (17-03) 400

Kingsey (17-04) 200 Thermal limit
Bécancour (17-02) 800 Substation transformation capacity
230/120 kV 230 kV lines to :

Gentilly (17-05) - - generating station integration, capacity not

ABI (17-06) 400 evaluated.

120 kV lines to :

Cournoyer (17-07) 2 x 200

Moras/Sainte-Perpétue (17-08/09) 200

Sainte-Perpétue/Chute-Hemmings 200

(17-09/10)

Daveluyville (17-11) 200

Parisville/Villeroy (17-12/13) 200
Kingsey (17-04) 400 Substation transformation capacity
230/120 kV 230 kV lines to :

Cascades/Magnola (17-14/15) 400

120 kV lines to :

Chute-Hemmings (17-10) 200

Asbestos/Mine-Jeffrey  (05-23/05- | 200

24)

Des Rosiers (17-16) 200

Plessisville/Bois-Francs/Arthabaska | 2 x 200

(17-17/18/19)
RSW Inc. -A17/1- January 2005

P44 0409 E0010 DOC




Integration Capability without Infrastructure Additions by Administrative Region Appendix A17- Region 17 — Centre-du-Québec

Substation Transmission Lines Integration Comments
capacity
(MW)
Hériot (17-03) 800 Substation transformation capacity
230/120 kV 120 kV lines to :
Acton (16-12) 200
Grantham (17-20) 2x 200
Marcotte/Chute-Hemmings (17- | 2x 200
21/10)
Yamaska (16-42) 200

Notes: The Centre-du-Québec administrative region integration capacity (without infrastructure addition) is 3,000 MW
The 735 kV transmission network limits the region’s integration to 2,000 MW.
The numeral references correspond to substation identification on the region map.
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APPENDIX B

Overall Summary



QUEBEC GOVERNMENT

DEPARTMENT OF NATURAL RESOURCES AND WILDLIFE (MRNF)
Hydro-Québec Integrated Network Integration Capability

with Respect to the Addition of Wind Energy Generation

Report

Administrative region Total limited by Capacity Note | Total taking into account the transmission network
sub-networks shared with Network 735 kV line addition
(with reinforcement) | region(s) (reinforced) La Grande - Montagnais —

Montreal Montreal

01 (Bas-St-Laurent) 550 11,12 1,4 550 550 550

02 (Saguenay-Lac-Saint-Jean) 2,100 1 2,000 2,100 2,100

03 (Capitale-Nationale) 3,650 04 1 2,000 3,650 3,650

04 (Mauricie) 4,000 03, 06, 14 1 2,000 4,000 4,000

05 (Estrie) 2,200 1 2,000 2,200 2,200

06 (Montreal) 10,800 04, 14 10,800 10,800 10,800

07 (Outaouais) 1,000 15 1 1,000 1,000 1,000

08 (Abitibi-Témiscamingue) 1,000 10 1 1,000 1,000 1,000

09 (Cote-Nord) 3,300 1,3 2,000 2,000 3,000

10 (Nord-du-Québec) 2,120 08 1 2,000 2,120 2,120

11 (Gaspésie-lles-de-la-Madeleine) | 1,060 01,12 1,5 550 550 550

12 (Chaudiére-Appalaches) 7,560 01,11 1 2,000 5,000 5,000

13 (Laval) 5,950 15 5,950 5,950 5,950

14 (Lanaudiére) 3,000 04, 06, 13 1 3,000 3,000 3,000

15 (Laurentides) 5,670 07,13 5,670 5,670 5,670

16 (Montérégie) 21,650 21,650 21,650 21,650

17 (Centre-du-Québec) 3,000 1 2,000 3,000 3,000

All capacities are indicated in megawatts (MW)

Note 1: The total (cumulative) integration potential for all these regions cannot exceed 2,000 MW without the addition of a 735 kV line (current
network), and 5,000 MW with the addition of a 735 kV line.

Note 2: The total (cumulative) integration potential for all these regions cannot exceed the total global integration capacity that is estimated to
be around 4,000 MW by 2015.

Note 3 : Integration of 2,000 MW at the Micoua and Manicouagan substations subject to transformer addition. The 735 kV lines connecting
these substations to the Montagnais substation have no available transit capacity considering the planned (but not committed) integration of
the 1,500 MW La Romaine development.

Note 4 : This capacity may be increased to 1,550 MW by adding a 315 kV line between the Lévis and Riviere-du-Loup substations.

Note 5 : This capacity may be increased to 1,060 MW by adding a 315 kV line between the Lévis and Riviere-du-Loup substations.

RSW Inc. -B/1- April 2005
P44 0409 E0016 DOC Revised



APPENDIX C

Method Used to Evaluate
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