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Unbundled Reactive Support Service: Key
Characteristics and Dominant Cost Component
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Abstract—in this paper, we present a systematic exposition of profile, thereby leading to congestion more often. To avoid vi-
generator-provided reactive support as an unbundled ancillary glation of the desired voltage profile, the system requires reac-
service under open access transmission. We discuss the naturej e synnort, which can compensate the reactive power losses in

and salient physical characteristics of reactive support and the t o twork. Reacti ¢ b ided b
analyze their implications in acquiring VAr support as one of the € ransmission network. <eactive support may be provided by

ancillary services. The paper provides an analysis of the dominant @ variety of devices including generators, .shunt capacitors/re-
component in the cost structure of this service. This component actors, synchronous condensers and static VAr compensators.

is determined from the opportunity costs, which are evaluated Since it is very ineffective tdaransportreactive support from
from the foregone profits of a generator in making sales in real - 56 |5cation to another, these sources must be distributed geo-
power markets by providing reactive support instead of real .

power. We illustrate the combined effects of the voltage set points graphically t_thUQhOUt the sygtgm. .

of the generators and of the generator capability constraints on [N the vertically integrated utility structure, where generation,
the transactions in competitive electricity markets, both under transmission, and distribution were typically owned and con-
normal and contingency operating conditions. We discuss the key trolled by a single entity, the provision of reactive power and
role of the grid operator in the provision of the reactive support, g tage support wabundledwith other services in supplying
and tt-he key COFS'dr?/Eatlons In the acquisition and pricing of the electricity to the end users. There was no need for separate
reactive stpport service. costing/pricing of reactive support since the utility was virtu-
ally assured that it could recover the costs of this service through
the rates charged for the bundled electricity. Under open access,
howeverreactive support and voltage control from generation

I. INTRODUCTION sourcebecomes one of the six ancillary services specified in the
gERC Order No. 888 [1]. Under the newly emerging structure
X\ﬂ'th an independent system operator or regional transmission
anization in the U.S. and a transmission system operator in
er jurisdictions, this central entity is responsible for operating

Index Terms—Ancillary services, electricity markets, opportu-
nity costs, reactive support, transmission services, unbundling.

BASIC requirementin the supply of electricity is to ensur
the voltage magnitude is within a specified range at ea
bus. Consequently, voltage control is an inherent part of pOV\%r

system operations. Due to the tight coupling between reacti t . tem to facilitate t .’ d "
power and voltage magnitude, reactive support is the med % ransmission system to facilitate transactions and ensure its

used to maintain the desired voltage profile, i.e., to ensure tha ablthty/ Sefggt% We use the ?fnﬁ_rr']c tgg ;ndetpendgntl g(;|d
the voltage magnitude is within the specified range for each b gerator or or such an entity. 1he unctions include
of the network, under normal and contingency conditions. Sin e gcqwsmons of ‘.”1” unbundled a”C'”aW SEIvices [2] from gen-
the reactive support supplied at the various buses directly affegfgt'on sources. Since generators providing the services are in-

the voltages throughout the system, such support has a profo ﬁBe”de”t of the IGO, it IS |mport_ar_1t to ur_]derstand th_e relevant
ﬁ?oects of each such service. This is particularly true in the area
s

impact on the operation and security of the power system a . . .
P P y ’ y eactive support where the physical characteristics and oper-

plays a critical role in facilitating power transactions. This rolé’
tions aspects are not well understood by many of the market
rticipants. Moreover, the cost structure is particularly impor-

then, is very important in competitive electricity markets. Witgff\

the entry of a large number of new players and the proliferati . : ) . .
y g Pay P t since FERC regulation requires cost-based pricing for this

rvice.

of power transactions, the transmission system is increasin
being used in theommon carriemode. The more intensive use . . . .
The focus of this paper is on the provision of the reactive sup-
rt service from generator sources. The paper addresses the

of the transmission network results in the more frequent hitti;@
undamental issues of how reactive support is provided as an

of the voltage constraint limits specified in the desired volta
unbundledservice and what costs are incurred by the generator
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« an analysis of the dominant component of the cost struc- e ar « o Mvas I e
ture of the service; & T 10 MVAr

« the key considerations in acquiring and pricing the service

1
in the open access environment.

100 MW

We make detailed use of numerical examples to meet these ob- M4 |,
jectives. Since we primarily focus on the reactive support re- 2 ¢ BMW
quired under the normal operating conditions, severalimportant :l E OMVAc
aspects of reactive support including voltage stability margins 35 MVAr

and the dynamic response capability of reactive support [3] are 43 — 0w
outside the scope of the paper. In many cases, the connection 200 MW éT‘; 5 18MVAr
of generators to the grid is subject to technical constraints re- 127 MVAr

quiring the power factor of the generated power to lie within a _ -
. . .o . . . F||fg. 1. Eight-bus test system one-line diagram.
specified range. This constraint is not considered in this paper.
In Section I, we illustrate the salient features of reactive sup- , ,
@ ¥\ =104 pu. —a— V=104 pu,
QF ¥V =106 pu. Q¥ V' =106 pu.
~~~~~ V' =108 pu.

2

port service and evaluate the impacts of the physical characteris-
tics of this service. Section Il presents an analysis of the explicit
evaluation of the dominant component of the reactive support
cost structure. This component is derived from the opportunity
costs of providing reactive support [4]. In Section IV, we provide

a number of key considerations in acquiring and pricing reactive
support as an unbundled ancillary service under the open access
structure. The concluding section provides specific directions
for future work.

—— V{=1.08pu.

140

reactive power generation (MVAr)

60

o
8

1 1.02 1.04 1.06 1.08
voltage magnitude V,* (p.u.)

Il. CHARACTERISTICS OF THEREACTIVE SUPPORTSERVICES Fig. 2. Plots of generator voltage support requirements as a functiopi.of

Since electricity must be supplied within the specified range ) ] o
of voltage magnitudes, voltage control is an inherent part of tHéoﬂle_cqnstramt requires mamtammg the voltage at each load
power system operation. Reactive support is the means use84§ Within the range [0.93, 1.04]. With? = 1.04 p.u. and
meet the objective of maintaining the specified voltage profilé4 = 1.06 p.u., the power flow in the base case results in the
The transmission system parameters and the voltage settindSative power generations Gff = 102 MVAr and Q4 = 127
the generator buses influence directly the reactive support Pe¥A\"
quirements. .

We illustrate various aspects of the reactive support servféé Voltage Setting Impacts
on the 8-bus test system of Fig. 1. We denotd/fiyandQ? the The generator voltage setting is a key control variable in
voltage setting and reactive power output, respectively, of tAeaintaining a specified voltage profile. We study the variation
generator at bus Bus 1 is the slack node. We first consider th# generator reactive support as a function of the voltage setting
system without any transactions. The maintenance of a specift@gping the transaction amounts fixed at their base case values.
voltage profile requires reactive support to compensate the reBer example, a7’ increases{ decreases whil@] increases
tive losses on the transmission lines. The line charging capa@$ shown in Fig. 2. A generator may avoid providing its share
tance provides part of the intrinsic reactive support of the trar@f the reactive power support aiean onother generators, by
mission system, but additional support may be required from tlgvering its voltage setting point and thereby withholding some
generators. The generator reactive support from a generator rbijs reactive power output. For the test system With= 1.04
consist of absorption/generation of VArs to compensate for tRel., the specification of? = 0.9935 p.u. results iQ7 = 100
presence of both inductive/capacitive components in the systdiV/Ar, corresponding to a reduction of 27 MVAr from the base
For the 8-bus test system willf’ = 1.04 p.u. andV = 1.06 case. While all the voltage magnitudes are maintained within
p.u., the line charging capacitance more than compensatesthg specified range, the generator at bus 4, by withholding
the effect of the series reactance; in fact, the generator reactigereactive outputleanson the system for reactive support.
support require§)? = —28.3 MVAr and Q4 = —5.5 MVAr so Consequently, the reactive outp@¥ has to increase to 128
that the two generators are required to absorb reactive powelMVAr from the 102 MVAr value in the base case.

In the presence of transactions on the system, the amount of .
reactive support depends on the transaction magnitudes anf-id-0c@! Nature of Reactive Support
needed to compensate the reactive power losses in the transmig: salient characteristic of reactive support, which distin-
sion system, even in the absence of reactive loads. The presandgshes it from real power, is its local nature. Due to the
of reactive loads imposes an added burden on the system foruneavoidable reactive losses on the transmission network, it is
active support. neither desirable nor many times feasible to provide reactive

We consider thdase cas¢o be the system with the transacsupport using remote sources. We illustrate this concept with an
tions undertaken to supply the active power loads. The voltageample. We change the voltage setting of each generator bus
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TABLE |
REACTIVE SUPPORT FOR THEBASE CASE AND FOR TWODIFFERENT ADDITIONAL TRANSACTIONS

case description voltage magnitude (p.u.) MVAr generation

" Ve Vs Ve 0. Q&
a base case 1.040 1.060 0.934 0.958 102 127
b 100 MW additional transaction from 1.040 1.060 0.914 0.926 119 128
bus 4 to bus 6 1.040 1.098 0.930 0.952 103 144
c 100 MW additional transaction from 1.040 1.060 0.856 0.871 184 203
bus 1 to bus 6 1.115 1.060 0.938 0.930 175 148

ost |, o ®

096 (®.u) (MVAr) 200 4

085 180

0.94 160

093 140

092 120

0.91 100
0 10 20 30 40 S0 60 70 8 90 100 0 10 2 30 40 50 60 70 8 90 100
additional transaction from bus 4 to bus 6 (MW) additional transaction from bus 1 to bus 6 (MW)

Fig. 3. Reactive support requirements from the generators for the transactdg. 4. Reactive support requirements from the generators for the transaction
from bus 4 to bus 6 as a function of the amount of the transaction. from bus 1 to bus 6 as a function of the amount of the transaction.

in order to raise the voltagé at bus 8 from the base case valués increased to 144 MVAr. This situation correspondsdse b
(0.957 p.u.) to 0.980 p.u., and we monitor the total reactive Table I.
losses in the system. This change requires the generator at bu@onsider next the introduction into the base case of a transac-
1 to raiseV}® to 1.0638 p.u. to provide the needed reactiviion of 100 MW from bus 1 to bus 6. This situation corresponds
support. The total VAr losses are 38.7 MVAr. On the othdp case dn Table | and the voltage and reactive support results
hand, to maintain the specified voltayfe using the generator are different. The behavior df; and the reactive generation at
at bus 4 would require that it raid3é’ to the unreasonably high the two generator buses as a function of the transaction amount
value of 1.180 p.u. The total reactive losses would then be 5@k plotted in Fig. 3. It is instructive to assess the different im-
MVAr. Not only do the reactive losses increase markedly, bpacts of two equal transactions by comparing the plots in Figs. 3
the provision of reactive support results in an unacceptatdnd 4. These two cases illustrate that, due to loop flows, a gen-
high voltage at the supply bus. This example then shows tletator not participating in a transaction may nevertheless be re-
reactive support from distant buses is ineffective. quired by the system to provide reactive power service to sup-
port that transaction.

C. Impacts of Transaction Amounts

We consider the introduction of a transaction from the bus2: Réactive Support Capability of the Generator
generator to the bus 6 load. We plot the reactive generation alA key physical constraint in the provision of the reactive
buses 1 and 4 and the bus 6 voltage magnitude as a functiosgbport by a generator is its generation capability constraint
the transaction amount in Fig. 3. Even though the generatof&it It represents the hard physical limitation of a generator’s
bus 1 is not participating to the transaction, itaguiredto pro- capability for the simultaneous production of real and reac-
vide reactive support above that in the base case due to the Itiep power. Since this constraint results in a strong coupling
flows in the network. Only a portion of the new transaction frorbetween a generator’'s capability for real power generation
bus 4 to bus 6 flows on the direct path from bus 4 to bus 6 aloagd that for reactive power generation/absorption, meeting the
the lines 4,5 and 5,6 with the rest reaching bus 6 through thgstem requirement for reactive support may directly limit a
paths involving other network lines. While the additional 10Qenerator’s real power output. A typicgéneration capability
MW transaction require§)y to increase to 119 MVArRY is curveis shown in Fig. 5. The boundary of the feasible op-
required to increase very slightly to 128 MVAr. Note that, duerating region of the generator is formed by the intersection
to the loop flow impacts, the support provided by the generatof four physical limiting relationships: the minimum loading,
Q4 changes in a nonlinear manner. In addition, as the trans#te field current, the armature current and the under excita-
tion amount increase$;s andV; drop below the lower limit of tion of the generator. We define two functiofy, . (-) and
the specified voltage profile. To maintain all the voltages in th@? . (-) mapping the real power output € [Puin, Puax

specified range, the bus 4 generator needs to fdfsean ac- into reactive power withQ? _(P) € [0, QY. (Pmin)] and

tion that entails providing more reactive support. For exampl@? . (P) € [Q? . (Puwin), 0] to describe the boundary curve in

if the transaction amount is 100 MW, raisitg to 1.098 p.u. the region of interest. In this way, a generator’s reactive support
restores the voltage profile with; raised to 0.930 p.u. and; capability is viewed as a function of its real power production:

to 0.952 p.u.; in additiong{ is reduced to 103 MVAr and){ at a given levelP° of real power output, the reactive powg@f
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Fig. 5. Generation capability constraint.
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Fig. 6. Marginal output reductioP in MW as a function of the reactive ical limit in the_prOViSion of reactive SUppO_rt-

support requiremer@)¢ for a given real outpuP®. 2) The only feasible way to meet the reactive support re-
quirement to maintain a specified generator voltage set-

must lie in[QY . (P?), Q4. (P°)]. Consider the case when 233[;?|t§1$etf;ﬁgzgtit2ﬁ real power generation and hence to

a generator operates at the boundary péiit, Q7. (P%)). '

Then, if the system requires additiontp M\_/Ar generation, E. Effects of Voltage Settings and Field Current Limits on the
the generator has no choice but to reduce its real power outﬁxut

by some amount”” MW to meet this requirement. In concept, ransactions
the positi\/e quantitﬁP is determined using the Va|ue(s) of We analyze the combined effect of field current limits and
[0Q9._ (P)/OP] ! at one or more points. Similarly, if the generator voltage settings on the transactions. We plot in
generator operates at the boundary péit, Q7. (P°)) and Fig. 8 the field current limits of the generator at bus 4 for
the system requires additioné) MVAr absorption from the Vi = 1.06 p.u. andV = 1.04 p.u. We introduce into the base
unit, it has to reduce its real power output & MW; §P is case an additional transactian?;_; from bus 4 to bus 5. As
computed using the value(s) @iQ? . (P)/dP]~*. Foragiven APFs_; increases, the operating point of the generator moves
P°, Fig. 6 plotss P asQ? is varied. from the base case—the poiHt of Fig. 8—to the point\ for

For the test system of Fig. 1, we consider the generator&f—5 = 60 MW. The further increase ah P, ; is possible
bus 4 to be operating close to its field current limit in the bag#ithout violating the field current limits by either
case—point4 in Fig. 7. We study the effects of undertaking 1) reducing the voltage set poib¥’: in this case, there are
an additional transactiol\P;_g from bus 1 generator to two desirable effects—the change in the generator field
bus 6 load. While bus 4 is not a party to this transaction,  current limits and the lower reactive power requirements
as the amount of the transaction increases the reactive gen- from the generator; for example, the transaction can be
eration Qf must increase to provide reactive support. For increased to 95 MW (from poirl’ to pointM’) by set-
AP g = 24.3 MW the QY reaches its maximum reactive ting V7 = 1.04 p.u,;

power production limit corresponding to its scheduled real 2) raisingV;® of the generator at bus 1 (not a party in the

power generation of 200 MW—poin®B in Fig. 7. A further transaction) and keeping;’ constant: the field current
increase ofAP,_g decreased, from V7 = 1.06 p.u. For limits of the generator remain the same, but the system
AP _g =39.5 MW is V, = 1.045 p.u. The only way to restore requires less reactive power from generator 4; e.g., an
V4 to V7 is to curtail one or more transactions. For example, increase oA P45 to 80 MW is possible by setting® =

the curtailment of the transaction from bus 4 to bus 3by 9 MW  1.08 p.u. (from pointH” to point M"). Note that the
enables the generator at bus 4 to provide the required reactive increase ofAP,_; is limited by the maximum voltage
support of 143.2 MVAr and to hol#f;? at 1.06 p.u.—poin€ in V7 allowed in the specified voltage profile. Any further
Fig. 7. This example, then, clearly illustrates that the following increase ofA P,_; is only possible by using the approach
occurs. in 1).
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I1l. REACTIVE SUPPORTCOST DOMINANT COMPONENT

Under open access, the generator-based reactive support is
one of the ancillary services whose acquisition is within the
scope of responsibilities of the IGO. Since the feasibility of a
competitive market in this ancillary service is severely limited
and the current regulatory framework requires cost-based rates,
the determination of the cost structure of this service is neces-
sary. The focus of this section is on the dominant component of
this cost structure.

The two classes of costs in the provision of reactive supy, o

port are the fixed costs and the variable costs. The fixe
costs are the investment costs for the equipment and do not

287

reactive power ([MVAr|

real power generation at bus 12 [MW|

Provision of VAr support under a contingency for the 118-bus system.

depend on the quantity produced. Our interest focuses & capability boundary of the generator at bus 12. To avoid this
the variable costs involved in VAr production/absorption bphysically impossible move, there are three distinct alternatives.
a generator. Since a generator may simultaneously prodddiese include the following.

two “commodities™—real and reactive power—there exists 1)
a need to determine the variable costs for reactive power
generation/absorption. Some of the aspects related to these
costs are reported in [6]-[9]. As long as a generator operates
within the limits of its generation capability curve, the variable
costs for reactive power production/absorption are negligibly 2)
small compared with those for real power generation. However,
once the generation capability limit of the generator is reached,
this is no longer true. There are costs incurred in meeting VAr
support requirements [10]. These arise primarily because the
only way to satisfy such requirements is to curtail real power
generation. In other words, due to the generation capability 3)
constraint, the fulfillment of the VAr support requirement
leaves the generator with no other choice than to forego some
of its participation in the real power market. In such case, there
may be profits that a generator would forego. We refer to these
foregone profits as the opportunity costs. The latter represent

The 1IGO modifiesV7, for the generator at bus 12 and
consequently, boti§)?, and the capability curve of the
generator at bus 12 change; settiig = 0.988 p.u.
satisfies the capability constraints resulting in operation
at point in Fig. 9.

The IGO modifies the voltage set points of the generators
at one or more other buses; for example, increasifg
from 0.998 p.u. to 1.006 p.u. with all the other voltage set
points remaining unchanged would shiff, back to its
capability boundary, leading to operation at pakatof

Fig. 9.

The IGO maintains the voltage set points unchanged at all
the generators, leaving the generator at bus 12 no choice
but to curtail its real power generation by reducing one or
more transactions; the choice of the curtailed transactions
has a major impact on the reactive support provided by the
generator at bus 12.

the value of the opportunity the generator gives up in orderwe next discuss alternative 3) in greater detail. For example,
to provide the system-required VAr support. Although thesg possible curtailment is the reduction of the transaction be-
opportunity costs come into being only when the generatgjeen buses 12 and 117. The curvéarough pointP in Fig. 9
reaches its generation capability limit, the magnitude of thesRows the locus of operating points corresponding to a cut in the
costs is of the same order of magnitude as the profits oft@nsaction between buses 12 and 117. The intersection point
generator. Consequently, we deem these opportunity costg@vith the capability curve corresponds to the operating point
be thedominant componerdf the cost structure. The marketfor a 17 MW reduction. On the other hand, the curtailment of
design in certain jurisdictions explicitly includes compensatioe transaction between the generator and load at bus 12 corre-

of opportunity costs to generators [11], [12].

sponds to the locug’ in Fig. 9. The operating poink’ at the

We use a system based on the IEEE 118-bus network to illisgtersection of this locus and the capability curve corresponds to
trate the notion of the opportunity costs incurred in providing2 Mw curtailment. Note also that the curtailment of the trans-
reactive support services. We consider the system to opergégion between buses 12 and 20 results in the locus of etirve
under thebilateral transactions modedtructure with the gen- in Fig. 9. Such a curtailment is unable to move the generator at
erators negotiating directly with the loads. We consider the IG&)s 12 toward its constraining capability limit.
imposes, for security reasons, the requirement that the geneiof these three alternatives, curtailment of the transaction be-
ator capability constraint under any contingency cannot be Yjyeen buses 12 and 117 involves the smallest amount. Since the
olated. In the base case, the generator at bus 12 is operatingea{erator at bus 12 gives up a valuable opportunity in the real
the pointO in Fig. 9, which is near its field current limits. At hower market by curtailing its transaction to meet the reactive
0, Vi3 = 0.99 p.u. andQ{, = 94.4 MVAr. We assume the sypport requirements, its opportunity costs of the profits fore-
loads at buses 12, 20, and 117 purchase power by undertald@@e on the $170 of sales of the 17 MW cut need to be compen-
transaCtionS W|th the generator at bUS 12 at the uniform priceﬁted_ Such Compensation is necessary so as to make the gener-
$10/MWh. We next consider a contingency case in which thgor indifferent whether it produces active or reactive power.
line from bus 3 to bus 5 is lost. Under this contingency, the op- ¢ follows from this example that the IGO has considerable
erating point would shift to point?” of Fig. 9, which is outside iscretion in terms of the alternative selected to ensure that the

Iwe assume the dynamics related to the contingency allow reaching the B%aCtive power requirements are adequately satisfied. When the

erating pointP without causing any stability problems.

selected option is the curtailment of transactions, the discretion
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of the IGO is rather broad. For large systems, with several caupport the IGO needs. Under this structure, generators receive

tingencies considered, thé&™— 1” security criterion can be met fair compensation for their VAr generation and the IGO ensures

but may entail the compensation of the opportunity costs. Thaglequate supplies of reactive support for system operations. In

example has clearly illustrated that the opportunity cost coraddition, the long-term nature of the structure allows the IGO to

pensation is dependent on the discretion of the IGO. develop alternative schemes to protect against gaming by gen-
We summarize the dominant cost component characteristgrators located at critical buses of the network.

of the reactive support as follows.

« As long as the generator operates within the limits of the
capability constraint curve, the operating costs for reactive
power outputs are negligibly small compared to those for Reactive support for voltage control is an integral and crit-
real power production; once the generator hits a genet@@l part of power system operations. While the specification of
tion capability limit and its voltage set point is not variedtransactions is made purely in terms of real power, the role of
the system requirements for VAr support can be met onf§active support is essential for enabling the undertaking of the
by curtailing its real power production; such curtailmerifansactions. The important role and the physical characteristics
forces the generator to forego profit-making opportunitie®f the reactive support service, with and without considering
in the real power markets and these profits constitute thentingencies, have been illustrated through a number of ex-
opportunity costs of providing reactive support servicesamples. The dominant component of the reactive support cost

e The opportunity costs are not 0n|y dependent on the gé{[UCtUre has been determined from the Opportunity costs that
erator’s physical characteristics, but also highly dependefise when a generator has to forego profits it could otherwise
on the electricity market structures, its rules, and the digollect in the real power markets to provide this service.
cretion of the IGO. There remains considerable additional work on several as-

e To ensure the required reactive Support is provided, tﬁ@CtS of the unbundled VAr Support service. The allocation of
IGO may need to provide incentives to a generator by corile reactive support service among the transactions needs to ex-
pensating the opportunity costs so as to render it indiplicitly address the reactive power pricing issues [15]. Other
ferent whether it generates real or reactive power. relevant topics associated with competitive electricity markets

are the role of reactive support in the evaluation of available

transfer capability (ATC), the voltage stability/collapse consid-
erations in the ATC evaluation, the possible exercise of market
The physical characteristics of reactive support illustrated Rpwer through the specification of voltage set points, and the re-
the various examples in Section Ill make the acquisition ar@§tive support associated to the provision of dynamic reserves.
pricing of this ancillary service very different from those for thd here are several areas that are promising avenues of research.

MW/MWh-based ancillary services [13], [14]. While reactivéOne topic is the development of appropriate economic signals

support is a system-wide requirement that needs a certain I¢@the improvement/expansion of the transmission network em-

of central coordination to ensure that it is effectively met, th@nating from reactive support service requirement considera-
local nature of VArs virtually foreclose the setting up of a netions. Another area of future research is the implementation of
work-wide competitive market in reactive power. Even if VAr$chemes for the effective coordination of competing generators,
were available in some geographically small region, it is uf taking into account both operation and reserves for real and
likely that there would be sufficient number of sources to enablgactive power, and including the possible limitation in the pro-
the existence of competition in VArs. Under such condition¥ision of the reserve support due to bottlenecks in the transmis-
individual generators would be able to manipulate and strafdon system. Results on these topics will be reported in future
gically game the situation and without the appropriates of Papers.
the road some exorbitant prices could result. Hence, the IGO
faces a considerable challenge in discharging his responsibility

for the acquisition of reactive support service. The fact that mar- . ,

kets in VArs are not in place brings about the necessity to de- U i‘:ﬁ:ﬁigyE.Psr?%oﬁfguﬁ%?ésggmcn;ﬁ?ggﬂgg iﬂfou%wt%%eita;iieg;

velop other mechanisms for this service. One possible means is nondiscriminatory transmission services by public utilities,” FERC,

to base the acquisition of this service on long-term contracts ne-_Docket no. RM95-8-00, Order no. 888, April 1996. .
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