


real un bundling of the p o w er industry mark et, it is also critically imp ortan t to clearly de�ne

the resp onsibilities of b oth these mark et participan ts. Real p o w er reserv e mark et should b e

able to pro vide energy in case a generator fails, and the resp onsibilit y of the wires should b e

to pro vide the ph ysical path to energy . Wires should not b e resp onsible for stabilit y/securit y

of the system.

FER C/NER C has suggested a cost-based approac h for transmission and distribution.

Ho w ev er, this do es not breed comp etition and op en mark ets, and migh t under-v alue these

services. W e suggest a v alue-based alternativ e whic h is describ ed in the next section.

1.3 Our Approach

This approac h allo ws for a more complete sp eci�cation of the consumer's needs and require-

men ts than cost-based approac h. Then our approac h suggests creating a mark et for the

pro ducts required b y the consumers and de�nes comm unit y service as additional/ancillary

services to ensure system's securit y , reliabilit y etc. This is a v alue-based approac h, in whic h

the price of the \w ell-de�ned" pro duct will b e de�ned b y supply and demand. This approac h

emphasizes the v alue of a pro duct rather than its cost. The v alue of the pro duct can b e

estimated b y p erformance ob jectiv e as seen b y customer. The v alue of a go o d will set the

price cap [2] and then price cap can b e used to estimate the mark et p erformance that none

of the seller exhibit tec hnology related mark et p o w er

1
.

W e recognize that it is a v ery di�eren t approac h as compared to the traditional p o w er

system

2
. The main pro ducts in electricit y mark et are:

� Real p o w er,

� Existence of ph ysical path for the deliv ery of real p o w e,r

� Real p o w er reserv e in case of outages (see [3]),

� Wires reserv e in case of outages.

1This is in contrast to the conventional notion of market power, which is market share related. [?].
2Presentation of this approach was made by Dr.M.Ilic to FERC in 1997. The approach was favorabaly

received by FERC
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In order to pro vide these pro ducts e�cien tly , one needs to create at le ast three more mark ets

(in addition to the existing real p o w er mark ets):

1. V oltage mark ets,

2. Congestion mark ets,

3. Reserev e mark ets.

Once the ab o v e suggested mark ets exist, an y additional requiremen t is equiv alen t to a con-

strain t on the p o w er qualit y . Un bundling of p o w er qualit y pro duces the follo wing p ossible

pro ducts:

� F requency (PXF C) (refer [ ? ]),

� V oltage,

� Harmonics (under in v estigation),

� Storage (Generators to sta y in sync hronism) (under in v estigation),

� .

� ..

The next section argues for the need of v oltage mark ets.

2 Need for V oltage Mark ets

As deregulation of electric industry pro ceeds, the tec hnical and economical feasibilit y of a

v oltage mark et needs to b e ev aluated. Curren tly there exists a wide range of opinion regard-

ing the v aluation of v oltage supp ort. F or example, Hogan [5] suggests that when v oltage

con trol is binding, prices of reactiv e p o w er can b e as high as real p o w er. On the other end

are Kahn and Baldwic k [6 ], who argue that the price of reactiv e p o w er is v ery lo w when

it is pro vided lo cally b y capacitor banks and dispatc hed optimally from the generators. As
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Figure 1: A T ypical Distributed Utilit y .

mark et restructuring ev olv es, the truth will probably lie in b et w een these extremes.

In FER C 888 order, v oltage supp ort is de�ned as one of the ancillary services to b e pro-

vided adequately b y a system op erator. NER C also views v oltage supp ort as a \comm unit y"

cost-based service whic h should b e c harged in prop ortion to the real p o w er use [7]. Ho w ev er,

recen tly it has b een understo o d that the v oltage supp ort question is m uc h more complex. In

particular, there exists a signi�can t di�erence b et w een its cost and its v alue to the mark et.

Consequen tly , it has b ecome imp ortan t to revisit the issues related to the v oltage/reactiv e

p o w er supp ort using a v ailable to ols of b oth, p o w er engineering as w ell as economics.

In the rest of the do cumen t, w e analyze v oltage supp ort and conclude that a meaningful

mark et for v oltage supp ort needs to b e created, not only at the transmission lev el, but also at

the distribution lev el. Our aim is to un bundle real and reactiv e p o w er while k eeping in view

the underlying tec hnical represen tation of the p o w er system. The critical goal of suggesting
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suc h mark ets is to pro vide in the long run the righ t incen tiv e to in v est in v oltage supp ort

tec hnologies.

3 Existing V oltage Related Problems

The curren t approac h of v oltage con trol is not fo ol-pro of as witnessed b y recen t distribu-

tion system failures [8]. In July 1999, the south fork of Long Island w as on the v erge of

v oltage collapse. V oltage collapse probably w ould ha v e o ccurred if p eak demand had not

b een reduced as a result of v olun tary load curtailmen t. PJM grid also sa w sudden and steep

v oltage decline in July 1999. F ortunately , it reco v ered without harming the system due to

the emergency actions had already b een put in place to con trol v oltage, suc h as curtailing

con tractually in terruptible customers, starting up emergency generation, etc.

Ho w ev er, in the new comp etitiv e en vironmen t, this strategy ma y not w ork. The fact that

load shedding at the lo w v oltage lev el to supp ort the v oltage at EHV lev el ma y not hold true

an y more. More imp ortan tly in the presence of distributed generators (DGs) the assumption

of unidirectional p o w er 
o w ma y not hold. Consequen tly , it is not necessarily true that as

w e mo v e further in to the distribution net w ork the v oltage reduces.

This raises the question: What are the new p oten tial reliabilit y and securit y problems at

the system lev el and ho w can w e solv e these problems? One w a y to solv e this problem ma y

b e b y some sort of co ordination b et w een HV, MV and L V lev els and c hanging con trol logics

accordingly .

4 Cost Based Approac h (Curren t Practices)

F ederal Energy Regulatory Commission (FER C) prop osed six ancillary services to b e o�ered

in an op en access en vironmen t that they ha v e iden ti�ed as necessary for the transmission
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5.1.1 Rules

� Minim um Num b er of Generators: There has to b e minim um n um b er of generators

in order to represen t the slac k bus.

� Customer indirectly de�nes the pro duct: Customer will sp ecify the tolerable

v oltage limits and its real p o w er needs. The seller then resp onds b y sp ecifying:

1. V oltage limits within whic h customer's real p o w er needs can b e met and

2. Real p o w er that the seller can supply at the customer's tolerable v oltage limits.

The customer then buys the v oltage supp ort that suits its needs.

Note that this rule also explains clearly the ev en ts that o ccurred during the summer

1999 in new England area. There w as ample amoun t of supply but it could not b e

deliv ered b ecause of lac k in v oltage supp ort, resulting from a lac k of incen tiv e to pro vide

it.

� No Lo cal T ransp ortation Costs: If v oltage supp ort is pro vided lo cally , then no

c harge of transp ortation will b e c harged.

� Customer P a ys Remote T ransp ortation Costs: If v oltage supp ort is pro vided

from further a w a y , then the buy er m ust pa y the transp ortation cost along with the

pro duct.

5.1.2 Righ ts

� Buy ers can Exp ect Pro duct Deliv ery up on Adv ance Noti�cation: If the buy er

noti�es the seller in adv ance in case it exp ects some unexp ected c hange in its demand,

then the buy er has a righ t to exp ect a deliv ery of the pro duct. the seller m ust prepare

for the correctiv e action in adv ance.

� Seller can withdarw seriv ces: The seller has a righ t to withdra w services if buy er's

load sp eci�cation c hanges substan tially .
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5.1.3 Resp onsibilities

� Seller m ust Sell: The seller m ust sell the \sp eci�ed" pro duct to the buy er, if the

buy ers sp eci�cations do not ha v e a large deviation from the normal op erating p oin t.

In order to execute this reliably , seller also needs to ha v e some sort of bac k up reactiv e

p o w er source lik e, install generation capacit y or ha v e a con tract with some other utilit y

to buy reactiv e p o w er in the ev en t of con tingency . F ailure of deliv ery of pro duct will

result in p enalt y .

� Seller m ust Prepare in Adv ance: If the seller receiv es adv ance notice of a c hange in

demand/load from the buy er, then it has a resp onsibilit y to prepare for the correctiv e

action in adv ance.

5.2 Possible Market Approaches

1. Buy ers will submit the bids to buy v oltage supp ort and sellers will submit the bids to

sell the v oltage supp ort and a sp ot mark et will b e created for it.

2. V oltage supp ort is pro vided/sold on a daily basis in a da y ahead mark et through a

forw ard mark et.

3. Buy ers can mak e a long term bilateral con tract with supplier.

5.3 Performance Criteria of Market Participants

� P erformance criteria of the buy ers: P erformance criteria to decide ho w m uc h

to buy and at what price. Dra w a parallel with buying real p o w er and pa ying for

transmission congestion max (b ene�t) after pa ying for v oltage supp ort.

Time frame dep ends on the mark et design. Sp ot mark et is a short term and forw ard

mark et is a long term. This will b e analogous the problem of righ t tec hnology c hoice

in p eak load pricing. In future, regulators ma y also decide to put a limit on consumers

b y whic h they can p ollute the system, for example, sh un t capacitor in tro duce lo w or-

der harmonics in the system thereb y p ollute the system more as compare to F A CTS
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con trollers. But F A CTS con trollers are costly . The buy ers using sh un t capacitors ma y

end up pa ying p enalt y .

� P erformance criteria of the sellers: Decision making p erformance criteria for

selling v oltage supp ort is to maximize pro�t after cost

1. Generator: maximize (rev en ue - op erating cost - a p ercen t of installation cost)

with constrain ts 1) reactiv e p o w er limits do es not exceed, 2) terminal v oltage of

the generator sta ys with in limits 3) load 
o w constrain ts.

2. Static v ar comp ensator: maximize (rev en ue - main tenance cost - depreciation

cost (someho w incorp orate the fact of reduced life after using this time)) where

main tenance cost = C(frequency of op eration,installed capacit y) with constrain ts

1) required reactiv e p o w er � installed capacit y pro duct of either wire compan y

or individual

3. Sh un t reactors:

4. Smart F A CTS con troller: Since these are costly p o w er electronics op erated

devices there is large installation cost asso ciated with it. Ho w ev er, these devices

pro vide m uc h faster and tigh ter v oltage con trol. pro duct of individual

5. On Load T ap Changing T ransformers (OL TCs): Its can pro duct of wire

companies.

6 P eak Load Pricing Mec hanism for V oltage Mark ets

T o sho w the mark et dynamics b et w een di�eren t mark et participan ts, w e suggest p eal load

pricing approac h (refer [ ? ]). In order to use this approac h w e need to iden tify the di�eren t

op eration states as OFF p eak or ON P eak p erio ds.

Normal op erating conditions can b e though t of as o� p eak p erio d and c heap and �xed

v oltage supp ort can b e used ex: sh un t reactors, OL TCs. then hea vily loaded and ligh tly
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loaded systems can b e in terpreted as p eak p erio ds: for this p erio d one can use generators,

F A CTS and SV Cs etc of smaller capacit y . The optimal com bination of tec hnologies can b e

found out b y using p eak load pricing approac h of div erse tec hnology and c harge the consumer

accordingly . Question: The main ob jectiv e of the p eak load pricing w as to giv e consumer the

incen tiv e to shift their load during o� p eak p erio d b y c harging less during o� p eak p erio d.

In this case an individual consumer has no direct con trol o v er system loading conditions,

therefore o v er v oltage.

7 T ec hnical Issues Asso ciated with Suggested Approac h

This section summarizes the still unansw ered tec hnical issues whic h can e�ect v oltage mark et

directly/indirectly . It outlines the ma jor tec hnical researc h issues related with our suggested

approac h.

7.1 Problems with Generators as a Seller

A generator can main tain v oltage only at one no de. This can b e ac hiev ed b y aggregating

the no des un til n um b er of generators is greater than n um b er of aggregated no des and then

eac h generator will main tain v oltage at the aggregated no de with whom it has a con tract.

Suc h large aggregation of load no des brings the v oltage con trol at the transmission lev el.

NOTE: w e think that buying reactiv e p o w er from a generator is an option for the v oltage

con trol at distribution lev el, b ecause as more and more small distributed generator comes

in to mark et, w e can mo v e more and more to w ards distribution lev el or small aggregated

no des.

If generators supply reactiv e p o w er to the load, they ha v e to supply reactiv e p o w er

consumed b y the load and the losses in transp ortation. There are t w o problems with this

approac h:

1. Estimating reactiv e p o w er losses,
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2. If load v aries from its an ticipated reactiv e v alue, ho w do es generator comp ensates that?

T o deal with the �rst problem, a few algorithms ha v e b een recen tly prop osed [ ? ][13].

Ho w ev er, these algorithms need kno wledge of the en tire transmission top ology , its parame-

ters and nominal op erating p oin t of the system. This t yp e of data is not publicly a v ailable

at this stage, but, some estimation of reactiv e p o w er losses can b e made using either state

estimators or historical data. The latter problem requires some sort of comm unication with

the buy er, whic h is not di�cult to tak e place in the automated distributed system.

Ne e d for metering: There should also b e some means to measure who pro vided reactiv e

p o w er and ho w m uc h? In the ev en t of deviation from an ticipated demand who pa ys to whom?

7.2 Will it Lead to a New System-Wide Technical Problem?

If w e prop ose the v oltage mark et then w e need to carefully examine, the resulted tec hnical

implications, to understand system-wide v oltage collapse criteria viz-a-viz sp eci�cations for

necessary v oltage supp ort as individual buses. The net wrok constrain ts can b e represen ted

b y the equation (2) in the linearized form.

� Q = JQ� � � + JQV � V (2)

In order to ensure the system-wide v oltage stabilit y:

min Eig ( Jv ) > � (3)

If the Jacobian Jv (equation 3) is near singular, then w e kno w system will lead to v oltage

collapse problem, but there is no exact w a y to map this in to bus b y bus. This lea v es the

do or wide op en to another tec hnical researc h question: Is there a w a y to iden tify the dif-

�cult buses? Eigen v ectors or mo des of the system ma y hold an answ er to this question.

If eigen v ectors rev eal the di�cult buses then industry needs to form ulate and implemen t

those �ndings in order to facilitate the fair mark et comp etition. But if they don't then the
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b ottom-up approac h will mak e more sense. i.e. customers or LSE's will c ho ose their v oltage

pro�le. This approac h ma y also lead to islanding of the small subsystems.

� Our c onje ctur e: If the reliabilit y is handled "the righ t w a y" i.e. the v alue of wires

for reliabilit y is clear, then the probabilit y of islanding o v er v ery long p erio d of time

(through design) is lo w.

� Op en Question: Is there still a system-wide problem as one designs wires for reliabilit y

and v oltage supp ort through mark et mec hanism (b ottom up)?

7.3 Free-Rider Issue

Suggested approac h also needs to deal with the issue of free-rider so oner or later. This issue

can b e dela y ed b y starting the implemen tation of the suggested approac h at the subsystem

lev el.

7.4 Con
icting Control Logic:

There exists a p ossibilit y of con
icting con trol logics b et w een mark et participan ts, in suc h

decen tralized en vironmen t. This issue highligh ts the need of dev eloping smart v oltage con-

trollers.

7.5 Need of New Technical Tools

W e m ust recognize the fact, that no metho d curren tly exists for ev aluating the comparativ e

e�ects of ab o v e suggested con trol sc hemes, on consumer reliabilit y . In the absence of correct

v aluation of a con trol sc heme, the pricing mec hanisms whic h w ould lead to an economically

optimal lev el of system reliabilit y can not b e form ulated. Chapman J.W. suggested in his

thesis [14] to use the concept of regions of attraction (R OS) of the v arious equilibria to

determine the actual securit y of the system. This concept can b e used to correctly v alue

di�eren t v oltage con trol option. Ho w ev er, in practice, the exact region of attraction ma y b e
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di�cult ot imp ossible to determine, ev en in o�-line studies. More imp ortan tly , the size of

the R O A is a function of the system loading and con�guration.

8 Conclusion

The adv an tages of the approac h suggested in this pap er are the follo wing:

1. As disussed ab o v e, requiring reactiv e p o w er supp ort from a far a w a y generator is not

economical b ecause of large resulting reactiv e p o w er losses. The v alue based approac h

giv es an incen tiv e to mark et participan ts to dev elop b etter and more adv anced alter-

nativ es suc h as mini F A CTS con trollers etc.

2. As the presen t mark et ev olv es to w ards more op en mark ets, the v alue based approac h

whic h w e suggest will b ecome more appropriate. F or example, it is quite p ossible to

in tro duce p o w er qualit y as another pro duct in the mark et. Our approac h, unlik e cost

based approac h, di�eren tiates b et w een v oltage supp ort tec hnologies, leading to more

e�cien t mark ets.

3. In order to get the deliv ery of the real p o w er at the sp eci�ed lo cation, w e need to

get prop er v oltage supp ort. There are no incen tiv es to do so curren tly . Our approac h

guaran tees the deliv ery of the real p o w er.

4. Our approac h o v ercomes most of the economic and so cial dra wbac ks of the cost-based

approac h. The argumen ts in fa v or of v oltage mark et are o v erwhelming despite the

problems highligh ted in section ?? . W e are con tin uing our researc h to solv e the tec h-

nical problems.

9 F uture Plans

W e can divide the future plan of action as follo wing:

� Set up to sho w mark et dynamics.
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� De�ne \v alue of wires" for reliabilit y .

� De�ne clear p erformance ob jectiv es for the in terconnection.

� In v estigate the impact of v oltage mark ets on system-wide engineering issues.

F ollo wing questions are w orth considering:

1. An y prop osal of a reactiv e p o w er mark et, needs to consider b oth, the real and the

reactiv e p o w er reserv es, b ecause an insu�cien t amoun t of reactiv e p o w er can lead to

v oltage collapse and securit y problems.
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