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Allocation of the Reactive Power Support
Requirements in Multitransaction Networks

Gianfranco ChiccoMember, IEEEGeorge Grosdellow, IEEE and Shu Tao

Abstract—This paper presents a new physical-flow-based mech- specified ranges. The reactive support provided by generators is
anism for allocating the reactive power support requirements pro- one of the six ancillary services specified in the FERC Order
vided by the generators in multitransaction networks. The allocat- no. 888 [1]. The focus of this paper is the allocation of the

able reactive support requirements are defined with respect to the It ¢ . ¢ th . ¢ fi
support required for the network with no transactions in place. The voltage supportrequirements among the various transactions on

requirements in the presence of the proposed transactions are for- the system. o . _
mulated as the sum of two specific components—the voltage mag- The characterization and evaluation of the reactive power

nitude variation componen.t.and the voltage anglg variation com- support requirement allocations present a very challenging
ponent. The formulation utilizes the multitransaction framework task. This is particularly true in the new unbundled regime with

used for the allocation of losses. The formulation leads to a nat- th t ti . | ¢ intin ti Tvoicall
ural allocation as a function of the amount of each transaction. € many transactions In place at any point in uime. Typically,

The physical interpretation of each allocation as a sensitivity of the N the commercial marketplace the transactions specify the real
reactive output of a generator is discussed. The extensive testingpower traded and no mention is made of reactive power. Yet,
indicates that the allocation scheme approximates with good fi- reactive power support is a fundamental need for a network
delity the actual net VAr outflow from each generatorandisable to -y, rqyide transmission service. In fact, the reactive power
deal effectively with the nonlinearities due to the generator reactive - -
power limits. The numerical results also indicate that the proposed SUPPOTt requirements of a network in the absence of any trans-
scheme behaves in a physically reasonable and intuitive way. actions is considered to be an intrinsic part of the transmission
. ) . - service, since in its absence the required voltage profile could
Index Terms—Allocation, ancillary services, electricity mar- - . .
kets, multitransaction networks, reactive support, transmission nOt be maintained. As suc_h, .We CO”S'der this support as an
services, unbundling, voltage control, voltage profiles. integral part of the transmission service and consequently a
quantity that cannot be allocated to the transactions. We use
the intrinsic voltage support requirements as the reference level
from which the additional requirements due to the presence of
HE RAPIDLY spreading open access regime is leading teansactions are evaluated. Some of the complications in this
the disintegration of the vertically integrated utility strucevaluation are due to the local nature of reactive power. As is
ture. The dramatic increase in the number of new players and tiell known, reactive power cannot be delivered from a source
growing pressures of the competitive marketplace are resultiiggan electrically remote sink, due to the reactive nature of the
in the proliferation in the number and volume of power transatransmission grid. This local nature of the reactive power also
tions. The introduction of open access transmission is often éwyplies that a generator may provide the reactive power support
companied by the establishment of an independent grid operdtora number of transactions in which the particular generator
(IGO) and the unbundling of electricity services. The IGO, inits not involved. In addition, whether a generator generates or
various implementations around the world such as independghgorbs reactive power depends on the state of the system.
system operators (ISOs) [1] or regional transmission organiZaensequently, the allocated contributions of the individual
tions [2], has, typically, exclusive authority for maintaining th@enerator’s reactive output to a particular transaction may be
security/reliability of the system and is responsible for proviiegative or nonnegative. A negative sign indicates that the
sion/acquisition of the required ancillary services. Among theactive support required by the transaction is absorption by the
ancillary services, the reactive power support is essential for fparticular generator; while, a nonnegative sign indicates that
system operator to maintain an acceptable system voltage ghe VAr support from the generator is injection or additional
file by setting the voltage magnitudes at the controllable busegsctive power. Physically, the algebraic sum of the allocations
so as to keep the voltage magnitudes at the other buses witleihall the transactions to a specific generator is meaningful
since it is the net support provided by that generator. On the
, . . other hand, the algebraic sum of the allocations provided by
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the reactive power support to the transactions on an equitatite IV. We present a representative sample of numerical results
and transparent basis and to make such information availalidicating the strong performance of the proposed scheme in
on ana priori basis. Thus the allocation of VAr support requireSection V.

ments is not a simple matter and involves a good amount of arbi-

trariness. Since there is no physically meaningful measurement [I. TRANSACTION FRAMEWORK
e enod0io0 % use the muliransacions famework developed n 9]
scheme must be developed to make available the requireé inF?pSIder a systenv + 1 buses_and\/[_ transactions. qu -
by 72,... M, the transactio™ involving the set of selling en-

, , tities S, the set of buying entitieB) and the MW amount
A number of different allocation schemes has been proposga) is defined by the triplet

based on various assumptions and approximations. In [3], real

and reactive power flows are considered separately and the re- Tm — {t(m), S B(m)} 1)

active power generated or absorbed by the line is taken into ac-

count by using fictitious nodes in a system model specificallyhere

developed for the analysis of the reactive power flows. A de-

composition of the power injections based on real and imagi- S = { (ng), a§’">) ,e=1,2,.. -7N5(m)} (2)

nary currents has been proposed in [4], where the results depend .

on the location of the s . B™M = { (b’('m)v 3’('m)) »1=12 '7N(m)}' ®)
ystem angle reference. The loss alloca J J b

tion scheme proposed in [5] uses an operating point defined in

terms of bilateral transactions. The allocation mechanism in [BPr each transactiom, the selling bus™ provides the frac-

uses the power flow without transactions and requires two adtitn 0—5’"> of the total MW amount™ with: = 1,2, .. ., N,

tional power flows for each transaction. The Aumann—Shapl&milarly, the buying buzbg"’) receives the fractioﬁJ("’) of the

methodology [7] was also applied to determine the allocation gfta) MW amountt™ with j = 1,2, ... va(m)- The fractions

reactive support requirements [8]. This application did not fullggm) and/3<"’) must satisfy the convexity conditions
exploit the physical characteristics of the reactive support nof J

the nature of the allocation problem. NG

The objective of this paper is to allocate reactive power;: 07(’") =1 andggnﬁ e0,1]fori=1,2,...,N™ (4)
support requirements in a multitransaction system taking int—; ’
account the generation VAr limits and the interaction with theyc
_network. Thus, by G!e5|gr_1,_the proposed allocation does nrg: /3§"’> -1 and/i,("’) e [0,1] for j = 1727'”7Nb(m)' )
incorporate economic efficiency goals. We make use of the— J J
mathematical multitransaction framework developed in [9] and
extend it to incorporate a detailed description of the reactive We formulate the expressions for the power flows in the net-
power flows. We formulate the VAr support requirements iwork explicitly in terms of theM transactions. We assume all
terms of the change from the no transaction reference céle real power losses to be compensated by the slack bus at node
corresponding to the intrinsic reactive support required by teIn this framework, the amount of the power injection at any

transmission system for the specified set of control variabld#ish = 0, 1,..., N due to the transactiom is expressed as
Using the voltage magnitude specifications used in the no

i o wi P = 6 (6)
transaction case, we compute the power flow solution with all o= %
the specified transactions to determine the allocatable reaCt\IR//ﬁere the components of the veci” are

support requirements. We decompose the requirements into
two specific components—the voltage magnitude variationg(m) _
component and the voltage angle variation component—andh

. (m) g Jm) (m)
allocate these components to each transaction. Note that thg “: ( v) !f h= SZ )vL =12,.. ~7N? :
power flow solution with all the transactions in place is the | —3; . ifh=0"1=12,..., N,
IGO-imposed transaction schedule after all the necessary o™ — g™ if = 5™ = b i = 1,2,... N

actions for congestion management have been undertaken
The proposed scheme gives physically meaningful results.
Moreover, a key attribute is its ability to handle the nonlinear- ’ 7
ities arising from the generators’ reactive power limits. The

phyS|Ca”y intuitive behaVior Of the a||Oca'[i0n SCheme Underﬁdditionaj discussion of this formulation may be found in [9]

variety of conditions for different test systems is an attractigie complete the formulation by defining the following sets:
feature of the proposed mechanism. We give a sample of

representative results to illustrate the scheme’s application. @ 2 the set of the generator buses, with cardingi@y

The paper has four additional sections. We review briefly thge 2 the set of the nongenerator buses, with cardinj).
multitransaction framework in Section Il and discuss the charac-
terization of reactive power support requirements in Section INote that|@Q| + |Q°| = N + 1. We associate with each bus
We then construct the proposed VAr allocation scheme in Seéc= 0,1,2,..., N the setH; of buses connected to busthe

j=1,2,..., N™
otherwise.
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voltage magnitudé&’, the voltage angl®;, and the real power These conditions are weaker than the dc power flow assump-
load P# and the reactive power loag¢. Without any loss of tions (see, for example, [9]). We first compute the reactive power
generality, we set the voltage andgbg — 0 at the designated injected in the line connecting bise @ to bus: € H, for the
slack bus 0. The voltage magnitude at the generator luse®@ case of no transactions on the system and we use the superscript
is specified ad’;, = V. 0 to denote this case. Since fbre @, the voltage magnitude

For the transmission line, we consider thenodel. Fork € V2 = V;? and (11) becomeés
Q and: € H,, we characterize the line connecting buso

bus: with the series resistaneg;, the series reactaneg;, and QY = —%V,f - 7’;” ViVP (67 — e7)
the modulus of the series impedangg. We denote by, the 2 i ,
total shunt susceptance. Thgth element of the bus admittance + Tk vi_vivo(1_ (ep —67) (13)
matrix is Gr; + jBu. 2. k kVi — 9 |-

The real power flow equation at bésis

Then

M

3 8 =GV + Vi Y o' - Y ol a9
m=1 iEH/L iEHk

: [Ghi cos (O, — ©;) + By sin (O, — @i)} is the no-transaction generation at buss Q. Equation (14)
h=1,2,...,N. (8) expresses thimtrinsic reactive power support provided by the
generators to maintain the specified voltage profile in the ab-
We complete the formulation of the framework by statingence of any transactions. This quantity is an intrinsic part of
the reactive power balance equations from which we derive i provision of transmission services and as such is not allo-
expression for the reactive power support requirements of gted to any of the transactions that may be undertaken.
transmission system. The reactive power equation af k& We next consider the network with the proposedtransac-
1S tions. The presence of transactions changes the voltages at the
—Q}l _ _BijjQ + Z V. [Gﬁ, §in (0, — ;) Enu;;r?itt:daésafsnot voltage-controlled and we write these voltage
icH

: V; =V + AV, forie Hy. 15
—Bji Ccos (@J — 61):|7 VS Qc. (9) ’ it ’ ¢ K ( )

) . ) . ] Note thatV, = V7 for k € Q. For any generator reaching its
This support is considered to be provided entirely by the gengsactive power limit, the power flow imposes the reactive power
ator buses. At each generator tius @, the net reactive power generation at the active limit and changes the voltage frgim
outflow is the sum of the reactive powes; injected into the to a new valud/;!. We setV;, = V,Z in such a case. We rewrite

line connecting bug to busi € Hy, (11) by using (12), (15), and (16)
b i
QL —Qk = Z Qni 10) @, =- vz~ 7’; ViV (0, — ©;)
icH, 2 Zhi
ke
2
where + 2y V-7 <1 - w>
Pli
Qki = —%Vf - %VkVZ sin (@k - @z) V’j (@ _ @)2
Zki,x ‘ _ _2k i (O — ©,) + z1; <1 _ %) AV,
+M [V~ ViVicos (0, — )] . (11) Phi
i (16)
We use the framework of this section for the formulation of th@ s f,rther substitute for the voltage angles
reactive support requirements of a multitransaction network.
0, =0% + A, fori ¢ H; (17)
[ll. REACTIVE POWER SUPPORTREQUIREMENTS O =6% + AO, fork € Q andk # 0 (18)

In this section, we evaluate the VAr support requiremenfﬁto the second and third term of (16). Furthermore, let
under certain simplifying assumptions. The focus is on the

system-wide requirements and so we assume that any local , o _VkV}J i (A — AO;) + (A@k — A@i)2
reactive load is locally met at the bus. In other words, we % =2 Tk K i) T Lhi 2
. vt
assume that at each load bus the power factor is 1.0. We use the
assumptlon that@k - ©,), for k' € Q andz € Hy, is small. T an (@2 _ @?) (A, — AB;) (19)
This assumption has the following implications:
sin (O — 0;) 0, — 6; Uf r;; < x;; for all the lines of the network, the no-transaction network is
) ) 9 essentially purely reactive. In such case, the angligs- ©9 ~ 0 for i, j =
(@k — @i) 0,1,2,..., N and the reactive power flowing into the line connecting basd

€08 (O — ©;) =l — ~———. (12)  pusj become)?, = —by, [2V2 + 24/ 22, [VE — VOV,
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and to travel, the w;;, of the busesh in the vicinity of the busi
av Vi have an impact. As such, we use the device of a simple decay
ki T2 | (Or — ©y) function for attenuating the impact of the loads located at far
ki buses on the voltage magnitude variation component. A natural

(O — ©,)° candidate is an exponential function of tt@ncentricdistance
T | 1= 2 of the load bus from node We setw,;, = 1if h =iorh € H;,
wy, = ¢ L if the concentric distance is two buses;, = ¢ 2 if
and recall the definition of{, from (13). We may thus rewrite the concentric distance is three buses and so on. It follows then
(16) as from (23) that

Qui = Q% + QR +QR°. (21) Q=3 Qpt = Z y"t M keQ  (26)

We callQ33V the voltage magnitude variationomponent and icH, m=1
£© the voltage angle variatiorcomponent of the reactive where

power injected into the line connecting a generatorgst) to Vi
abusi € H;. These components are in addition to the intrinsic u,i’"> = Z {——2
VAr support requiremeng?; of the network. The presence of ieH, Phi
the two component®s:" andQ+.® is attributed entirely to the N
transactions. These additional reactive support requirements ex- ) [— min (0; 52" l)) wih:|
pressed by these two components result in added VAr support =0 AV,
from the generators. In (16)—(20¥;, is eitherV}? or, in case E
the reactive limit is reached;?. We next develop the physical R=0
flow-based allocation of these additional requirements. k €Q. (27)

AV; (20)

i (O — ;) + s

wi h

IV. PROPOSEDALLOCATION APPROACH We adopt the approach used in [9] for the allocation of the
real power line losses to allocate the compor@ff. We next
Impose the assumption that, < «;;. Then, the voltage angle
changes with respect to the reference case are approxmated by

In analogy to the split in (21), the net reactive power outflow
from a generation buk € @ may be written as
Qi,net _ Qi _ Q(]f _ QZ,O + QZ,AV + QZ,A@ (22)

0. . using the dc power flow results. L& = @1, O,. ,@N be
whereQ?" is given by (14) and

the vector of the bus voltage angles computed by the dc power

Q%M Z QnY flow using theN x N submatrixB’ obtained from thé N +
ieH., 1)-bus network susceptance matik by removing the slack
bus. LetD = [d,;] = (B’)~!. Itis then possible to write the dc
QyR° = Z Q. (23)  power flow equations in the form
ZEH)\
The allocation of th@etVAr outflow from busk € Q is accom- B'O = Z §mIglm) (28)
plished by allocating the componeidigs'” and@4.® among the m—1

Mtransacti(_)ns. The reactive loay indir_ectly co_ntribut_es to- The allocation of the voltage angle component is based on
ward operating the generator closer to its reactive limits.  rewriting the voltage angle variation component in terms of the
In line with our assumption that the componéht’ is en- approximation

tirely due to the transactions, we attribute the voltage variation VkVO . .
AV; at each bug € Q° to the presence of the transactions i)4.° 5 (—m il (@k —0;) + (@0 @?))
the system. Using (8), we may write thetreal power load”? ki
atany bush =0,1,2,..., N interms of theM transactions as (@k — @i) . (29)
M
Pl=— Z min (0; 52’")) $m) (24) The term (ék — éi) is then expressed in terms of the transac-
m=1 tions using the same approach as in [9]. Thus
Let us multiply and divideAV; by the total weighted net load M
SN, P;fwm Or—0;= > mi ™ keQieH,  (30)
m=1
AV, = Z Plwy, where
h=0
EP“’ W = - @
a AV; al . (m) (m)
= Z ~ Z [ min (O;(Sh )wiht(m)} with " = 0form = 1,2,...,M, dyo = 0for h =
m=1 3" p wzh h= 1,2,...,N,and
1.=0 N(m) ]\r(m)

(25) m) — Zd; 60 = Z G = Z By ™.

where the weighting factar;;, is used to reflect the local nature
of the reactive support. Due to the inability of reactive power (32)
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We use this expression for each line connecting the generator TABLE |
busk € @, obtaining the voltage angle variation component for TRANSACTIONS IN THE TESTSYSTEMA
each generator m | 1% [MW] =@ B
M 1 350 |((8,100%)) 1{(7.47%),(10,14%),(21,23%),(23,16%))
QZ,AG _ Z O30 — Z g]grn)t(rn) (33) 2 | 324 {(11(?3?;;)} (3,7%),(8,93%)]
icH m=1 3 56.1  |{(0,72%), {(5.78%),(23,6%),(24,16%) }
where (13,28%)
(m) _ ViV (L T g gy T (m) g gg:g %813833 {SAI?SZ,’)) }(19 L5
W= 2 22, (_7’” Ty G-t ()) i e 217 J((5,100%)] [(B100%)
icH, 71 550 [{(0,15%), (1,19%),(4,14%),(7,41%),(10,11%),
(34) (2,85%)) | (15,15%)}

Note that in (34)V, = V;? or, in case the reactive limit is
reached Vi, = V{. The sum of the entities in (27) and (34)

gives the total amount of VArs allocated to each transaction for TRANS ACTIO,\‘T?ELTEHE”TESTS(STEMB
each generator o —
m m m m t 3 [MW] §m) B(m
Qi,a) = nlg,a)t( ) om=12....M (35) 11 2550 |((0,100%)] |{(0,22%), (12,78%)
where 2 | 2270 H(12,100%)} 1{(6,22%), (12,78%)
3| 1610 [{(0.75%). {(5.8%),9,75%).(10,3%), (15,14%))
™ = =19 M. (36) (3,25%)}
) ’ . i 4 | 3220 [{(B.100%)) [|{(2,1%), (3,13%), (6.8%), (8,47%),
Since the sum of the allocated amounts will be an approxima (13,5%), (16,13%), (17,13%)}
tion of the voltage magnitude and voltage angle variation com- 5 122.5 {(0%‘;6%,9%) {(é,g?%léﬁ‘go‘;,gl(gﬁzi, ((3}29,23%),
. N 5 , ) 70), 32 70 )3 34 70),
ponents, we havetthat may be approz)qmated by (33.3%).(41.5%),(47 24%) (54.3%),
g,ne 39 d 9 g
D=0y — Q=0 + 0y 37 (55,5%), (56,6%)}
@ @~ Q= Q7+ i 37) 81 1633 |(B38%),  |((27.6%), (28,3%), (29,10%), (30,2%),
where (12,22%)} (31,4%), (38,9%), (42,4%), (43,1%),
u (44,7%), (49,11%), (50,13%),
- (51,11%), (52,3%), (53,12%)}
i,a = Z QE@ a)'
m=1
) o . Test System A
We next examine the application of the proposed allocatic 70 Qf (approximation)
scheme to test systems. <« @]
S g e QF (AC)
=
V. NUMERICAL RESULTS Y 40
@
We have tested the proposed scheme on a number of differc £ -
test systems. We present a representative sampling of the :' 201
sults on two test system$est System AndTest System B. Test Z 154
System As derived from the IEEE 30-bus system by eliminating § o
the shunt capacitors at buses 10 and 24 and by setting all 1 * -1oJ
transformer ratios to 1 p.diest System B constructed using the 20 ; ,
IEEE 57-bus system by eliminating the shunt capacitors at bus 0 05 1 1.5 2
18, 25, and 53. IrTest System ,Bhe synchronous condensers transaction amount scaling fa

at buses 2, 3, 6, and 9 are considered as generators and conse-

guently are included in the provision of reactive power SUPpPOHig. 1. Comparison of the performance of the approximation of the proposed

The slack bus of each network has been renumbered to be bu&@eation scheme with the ac power flow results.

We use the values of the voltage setting poljfs £ € Q and

the reactive power generation limits as specified for the IEBEsted the robustness of this approximation by uniformly scaling

test systems. The voltage profiles required at byses® are all the transaction amount§™), m = 1,2,..., M. The re-

within the range [0.9, 1.05] p.u. sults indicate agreement over a broad range of scaling factors.
We defined transactions for each of the two systems to supplig. 1 shows a representative comparisoriedt System for

the loads in the network. The sets of transactions are specifgadhling factors over the range [0, 2]. The unity scaling factor

in Tables | and Il for th@est Systems @&ndB, respectively. We corresponds to the base case. These results are representative of

assume that the reactive power allocation is to be performedtbe good tracking of the ac results by the approximation in (37)

a set of feasible transactions with no system congestion.  for each of the generating units of the network over this wide
We discuss our investigations of the overall ability of the praange.

posed scheme to approximate the VAr outflows from the gener-We study the behavior of the allocation scheme in response to

ation buses when compared to those computed by an ac pothervariation in the scaling factor. We found that the allocation

flow. Qi’"” computed using (37) is compared to the power flomesponds in a physically reasonable way for the various systems

solution of (10) and (11) for each generator Busk Q. We tested. For example, Fig. 2 shows the impacts of varying the
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Test System A
;] —AD§ / Ar®) (allocation)
< .
) m=7
512 m=1 . 40 1 —io e Ang/At(s) (AC)
o = :
§ °] 2 ® bus 12
(<] m =g 3 -
= J m =
58 : an.
E m=5 53
;. 2 %,( us 3
ms=
3 27 2 § 101
R I ' ' 2 T ofbus? ' bus 12
o e ; to 2 $ l \ bus 0
transaction amount scaling factor o bus0 . »
10 . , ] '
0.6 07 0.8 09 1

Fig. 2. Response of the allocation scheme for the generator at bus 13 to

uniform variation in the transaction amounts. scaling factor for the amount of transaction 3

Fig. 3. Comparison of the allocation scheme response to that based on the ac
TABLE Il power flow calculation to the variation of the amount of transaction 3 with all
GENERATOR BUS INDIVIDUAL ALLOCATIONS IN MVA RS FOREACH other transactions remaining fixed.
TRANSACTION FOR THEBASE CASE OF TESTSYSTEMB

0 2 3 6 8 9 12~ range[0.6, 1]. The scaling factor 1 corresponds to the base case
(m | gtm | gtm | gtm | gtm | m) | () ® = 161 MW. Using 1 MW steps we compute thensitivi-

i St . - : = - tiesAQY/At® andAQY /At® at each value of® over the
0.07{ 1976] 0.19{ -571] 0.67| -033] 277 fih ling f We plot th lts in Fia. 3 f
008l 1201 0311 003 052 0231 519 range of the scaling factor. We plot the results in Fig. 3 for some
0651 022 -153] -12.83] 3931 1029] 10.18 of the generators. For a scaling factor in the range [0.6, 0.85]
0.12] 3951 147] 058] 0.56] -1140}] -340  the generator at bus 9 violates its lower limit. For scaling factor
8'38 33'33 4(2)'22 g-g 73-;: 9_2-? ‘2?12 in the range (0.85, 1] no violation occurs, the generator at bus
= = = = = : = 9 provides additional reactive support and causes a reduction in
Qf .| 177] 60.44| 4395| -2451] 9175| 93.15] -30.59  the sensitivities for all the generators. In all cases, the allocation

o0 results track very closely the ac power flow results.
e |-89.25] -78.53| -42.07| 71.37|-11879| 4.63| 14599

3
(=N K% RN I¥N] S ] s
P

QF"|-87.48| -1809| 1.88| 4687 -27.04| 97.77] 11541 VI. CONCLUSION

A new physical-flow-based scheme for allocating the reactive
power support provided by the generators to the transactions in

transaction amounts on the reactive support requirement alloBan ultitransaction framework h_as been presented. The proposed
tion Qgr{l) for the generator at bus 13, for each transaction. TRSheme allocates the net reactive power outflow from the gener-

scaling factor is uniformly varied over the range [0, 2]. Note '[ha(?Or buses in a physically meaningful way, by explicitly taking

for transaction 4, defined with both the seller and the buyer'Q{O account the interactions with the network and the nonlin-

bus 5, no reactive power support is allocated at any genera?grm'es due to the generator reactive power limits. The logical

bus. This is correct since, in effect, this transaction doesiset next step is to marry the reactive power allocation with reactive

the transmission svstem direct] power pricing [10]-[12], so as to incorporate the economic effi-
y y c{gncy goals. This is a highly challenging undertaking since the

We consider in more detail the allocated support requiremen >in0 of reactive power is considerably more comolex than
to the generators for each transaction for the base case conditfé{r;It 0% real power F()jue {0 generator cayabilit curvg impacts
The results are shown in Table Il fdlest System .Brhe be- P 9 P y P

havior of the allocation scheme is examined with respect to t{]lez]' The presence of positive and negative terms in the reac-
intrinsic reactive support displayed in the penultimate row. Th

Ive power allocation of each generator presents a further com-
. . . B ication. While a generator needs to be compensated for its net
final row provides the net reactive support of each generator. . . .
o . o (m) reactive power output for each transaction, the fair compensa-
The individual support requirement aIIoca‘uo@é at busk . : o .
: o : ' ._tion mechanism must explicitly ensure that no double-charging
for transactionm may be positive or negative. An mterpretatlor} . . . .
fOlm) ¢ 35) is obtained b dering the i ¢ " or the positive and negative allocations occurs. These issues
OHQk,gE_ rorrf1 t(h )'S(_) t_alnef thy con? Girm? € 'th’aC S ON e being addressed in our current research and the results of
allocation ot the variation of the particular transaction amoun&w work will be reported in a future paper.
We consider all transactions with fixed amounts, save for trans-
actionm for which we vary the amount™). At each generator,
the resulting change in gives a satisfactory approximation of the
change inthe generator reactive power output. We illustrate thigll “Promoting wholesale competition through open access non-discrim-
. . . hgest S BVe hold all . inatory transmission services by public utilities,” Federal Energy
approximation using theest ySte_m' e 0 all transactions Regulatory Commission of the United States of America, Docket no.
constant and vary the amoufi®) with a scaling factor over the RM95-8-00, 1996.
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