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Abstract—Empirical evidence shows that the clearing prices for  In this paper we primarily focus on the risk management as-

point-to-point congestion revenue rights, also known as financial pect of FTRs and the extent to which FTRs are efficient instru-
transmission rights (FTRs), resulting from centralized auctions ments for trading and mitigation of congestion risk.

conducted by Independent System Operators differ significantly | luati fi ial hedaing inst t dit ket
and systematically from the realized congestion revenues that de- n evaluating a inancial hedging instruments and IS marke

termine the accrued payoffs of these rights. The question ad- Performance, two questions must be addressed: How good is
dressed by this paper is whether such deviations are due to price the hedge? Namely, to what extent does the payoff (or pay-
discovery errors which will eventually vanish or due to inherent  out) of the instrument offset the fluctuations in the risky cash
'”evf\f/'g'ggg\',‘isﬂ:gttzsean“s;i‘%” ;et;fuecétj;g}esight of average congestion flow that the instrument is supposed to hedge. How efficient is
rents the clearing prices for the FTRs depend on the bid quantity the mf’irket for t_he instrument? That is, does the_ forward mar-
and therefore may not be priced correctly in the financial trans- ket price of the instrument reflect the expected risky cash flow
mission right (FTR) auction. In particular, we demonstrate that hedged by the instrument with the proper risk premium adjust-
if all FTR bid quantities are equal to the corresponding average ment.

transaction volumes and the bid values are set at the expected con-  pMuch of the discussion surrounding FTRs focuses on the

gestion rent level, then the resulting auction prices systematically . - . .
deviate from the known FTR values. We conclude that price dis- first question and indeed FTRs provide a perfect hedge against

covery alone would not remedy the discrepancy between the auc- Feal-time CO”QGSti_On charges ba_sed on nodal prices_. A one
tion prices and the realized values of the FTRs. Secondary mar- Megawatt (MW) bilateral transaction between two points in a
kets or frequent reconfiguration auctions are necessary in order to transmission network is charged (or credited) the nodal price

achieve such convergence. difference between the point of withdrawal and the point of in-
Index Terms— financial transmission right, electricity auction, jection. At the same time (assuming that transmission rights
simultaneous feasibility, transmission pricing. are fully funded), a one MW financial transmission right (FTR)

between two points is an entitlement (or obligation) for the dif-
ference between the nodal prices at the withdrawal node and
I. INTRODUCTION the injection node. Thus regardless of how the system is dis-

OINT-TO-POINT financial transmission rights (FTRs)Patched, a one MW FTR between two nodes is a perfect hedge

(see [2] and [7]) and flow-gate rights (FGRs) (see [3], [4Egainst the uncertain congestion charge between the same two
and [6]) are two forms of Congestion Revenue Rights (CRRB9des. This perfect hedging property makes FTRs ideal instru-
outlined in the Standard Market Design put forth by the Feder&ents for converting historical entitlements to firm transmis-
Energy Regulatory Commission (FERC) of the U.S. The pu#ion capacity into tradable entitlements that hold the owners
poses of the CRRs are two fold: a) Create a system of prope?fysuch entitlements harmless while enabling them to cash out
rights to the transmission system that will offer economic sigvhen someone else can make more efficient use of the trans-
nals for charging/compensating transmission usage/investm@tgsion capacity covered by these entitlements. In other words,
and that will facilitate the implementation of an economicallff TRS make it relatively easy to preserve the status quo while
efficient transmission congestion management protocol; b) GPening up the transmission system to new and more efficient
fer risk management capability to market participants enterit§®e-
into forward energy transactions so that they can hedge the unErom the perspective of new transmission users who view
certain congestion rents associated with such transactions. #HeFTRs as a mechanism to hedge their exposure to congestion
allocation of FTRs can be done either on the basis of historidhik (as well as old users who are actively evaluating their com-
entittements and use of the transmission system or throughMB@rcial options with respect to FTR entitlements) the second
auction whose proceeds are distributed to transmission own@¥§stion is as relevant as the first. A purchaser of FTRs must
or consumers who funded the construction of the system; 8BSess whether the forward price of the instrument indeed re-
through a combination of the two where unallocated FTRs afgcts the value that it provides in making the decision whether
FTRs currently held by private parties are auctioned off throud® Purchase/hold the instrument or to face the exposure to the
a centralized auction conducted periodically by an Independéf@l-time congestion charges.
System Operator (ISO). The latter approach is currently usedn typical financial and commodity markets, competition and
by the three major ISOs in the northeastern US (New Engladiuidity push the forward prices to the expected spot prices

New York ISO and Pennsylvania-New Jersey-Maryland). ~ With & proper (market based) risk premium adjustment. Such
convergence is achieved through a process of arbitrage. Such
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FTRs for several reasons: because of the large number of FbRnaximize FTR revenues and the prices are set to the marginal
types, the liquidity of these instruments is relatively low; andlearing bids for each FTR. Equivalently, we can view the ag-
there is virtually no secondary market that enables reconfigugaegation of all bilateral transactions corresponding to the FTR
tion and re-trading. In order to maintain financial solvency dfids as supply and demand bids in a virtual energy market.
the system operator who is the counter-party to FTRs, the cdvlaximizing social surplus (i.e., the difference between demand
figuration of FTR types must satisfy “simultaneous feasibilityillingness-to-pay and supply marginal cost) for all transacted
conditions” that are dictated by the system constraints. Congsergy under the assumption that all the awarded FTRs were
quently, pricing and trading of FTRs is done through a centrakercised simultaneously, is equivalent to maximizing the total
periodic auction. as-bid value of the awarded FTRs. Hence the prices of the FTRs
Because of the interaction among the different FTR typean be obtained from the locational market clearing prices for
through the simultaneous feasibility conditions, prices of thértual energy that results from maximizing the as-bid value of
FTRs resulting from the FTR auction as well as the congestiafi awarded FTRs subject to the power flow constraints. The
charges hedged by these FTRs are highly interrelated. An efarket clearing price per MW FTR between two grid points is
ficient market (that correctly prices FTRs) must anticipate ntiie difference of the corresponding market clearing prices for
only the uncertainty in congestion prices due to technical covirtual energy between the two points.
tingencies and load fluctuation but also the shift in the “oper-

ating point” within the feasible region which is determined by Without | ¢ i hat the FTR si
the economic dispatch procedure. ithout loss of generality we can assume that the si-

Empirical evidence reported in [8] shows that the cIeariH@“'ta”eous feasibiljty auction is. represented by an equivalent
prices for FTRs resulting from centralized auctions conductd§tu@! energy auction as described above and make our as-
by the New York Independent System Operator (NYISO) ha\%;mptlons directly about the energy auction from which we will
differed significantly and systematically from the realized coffi€rive both the expected congestion rents and the FTR clear-

gestion revenues that determined the accrued payoffs of this&k Prices. Under this scheme, the expected congestion rent

transmission rights. The question addressed by this papePfWeen any two network locations is the expected difference

whether such deviations are due to price discovery errors whigh!ocational energy prices between the two points. Likewise,
will eventually vanish or due to inherent inefficiencies in thihe FTR clearing price Pet""ee” any two points is the d_|ffer-
auction structure. We address this question by using a DC-fIGNC® between the'locatlonal clearing prices for energy in the
approximation model of a six-node system and the IEEE-24 pY/§ual energy auction. It follows that correct prediction of ex-
Reliability Test System (see [9] for a general AC-flow formyPected congestion rents between any two points is equw_alent
lation) with known outage probabilities of each element arlg correct prediction of the expected locational energy prices.

known statistical demand variability. We use this informatio?{hus' an energy auction Where energy bids .and off_ers at all
to simulate the expected value of all point-to-point transmissigpdes equal the corresponding expected locational prices under

rights taking into consideration all possible— 1 transmission all transmission contingencies and load scenarios is equivalent
contingencies and demand realizations. We then construct a {21 FTR auction where all FTR bids between two points are
pothetical FTR auction in which all FTR bids are at the corre§dual to their expected payoffs. Such an FTR auction where
expected value whereas the bid quantities equal some unifdtnmarket clearing bids for FTRs between any two nodes are
multiple o of the corresponding average point-to-point tranédem'c"?ll t9 the respecuvg expected payoffs O,f the FTRs over all
action volume. We present both theoretical and computatiofgnSmission contingencies and load scenarios would represent
results that shed light on the observed discrepancies betw¥houtcome of perfect price discovery.

realized FTR values and their auction prices.

The organization of our paper is as follows. In section Il, The clearing mechanism for the FTR auction is formulated
we formulate an FTR auction model which incorporates the iz follows. LetC = (c1,¢2,--- ,cn)T be a vector of energy

multaneous feasibility conditions under postulated contingegiy prices at the: buses implied by the FTR bids am@ =
cies on transmission line availability and load variation. Wg, 4, ... ¢.)7 denote the energy dispatch vector. Since we
then provide theoretical results on the potential systematic Bissume a single FTR bid price for each pair of nodes and a sin-
ases in market clearing nodal prices with respect to rational s virtual energy bid price at each node, knowidiginiquely
pectations. Numerical examples are presented in section lll thatermines the FTR bids as the difference between the corre-
confirm our theoretical findings. Finally, we conclude and poiryonding elements af’ (however, inferringC’ from the FTR
out future research in section IV. bids does not produce a unique result since all components of
C may be increased by a constant without affecting the implied
Il. THE POINT-TO-POINT CONGESTIONREVENUE RIGHT  FTR bids). As indicated above, maximizing the as-bid value
AUCTION of awarded FTRs is equivalent to maximizing social value of
We consider an FTR auction conducted by a system opetlae nodal transactions in the equivalent virtual energy auction
tor in an electric power grid with buses andn transmission subject to the power flow feasibility constraints under all des-
lines. The auction is cleared under the standard FTR auctignated system reliability contingency scenarios. Redenote
rules that treat all FTR bids as simultaneous bilateral transdle set of all reliability contingencies. Each scenario R rep-
tions that must satisfy all the thermal line limits underalt 1  resents the outage of at most one transmission line. The virtual
contingencies and load realizations. The auction is cleared s@asrgy auction is conducted by solving the following optimiza-



tion problem. When the nodal clearing price at a node in the virtual energy
auction differs from the expected nodal price at that node under

max cTQ . . . . .
Q the various transmission contingencies and load scenarios, the
s.t. e"'Q=0 resulting FTR clearing prices for FTRs involving that node also
G-Q<L VreR (1) differs from their expected payoffs. In the following section
—Gr-Q<L VreR we will demonstrate this phenomenon by means of numerical
I-Q<Q examples.
Q>0

where L is the vector of transmission line capacity Iimi@, 1. NUMERICAL EXAMPLES

is the upper bound vector for energy bids as implied by the Two test systems are considered in our simulation experi-
FTR quantity bids(, is the power transfer distribution factorments. One is a 6-bus system and the other is the IEEE 24-bus
matrix with busn chosen as the swing bus in each contingendgeliability Test System (RTS).

scenarior, I is then x n identity matrix, ande is a vector

consisting of “1”s and “-1”s with “1” indicating a load bus andA. A 6-bus Example

“-1" indicating a generation bus. _ First consider a 6-bus network example used in [5] and [6]
To fully specify the FTR auction in terms of a virtual 10-gee Figure 1). Buses 1, 2 and 4 are generation nodes while
cational energy market, it is also necessary to assume a gig 3, 5 and 6 are load nodes. The supply and demand func-

quantity for each FTR type. For the purpose of our analysis s at the 6 nodes are assumed to be linear in quantityh
we assume that the bid quantities in the FTR auction are so ameters given in table I. We randomly choose a set of 5 re-

fixed multiple of the average transaction volume between the
corresponding points. We introduce a proportionality param- TABLE |

eter o on which we will perform sensitivity analysis. Again BID FUNCTIONS OF GENERATION AND LOAD
we can implement this assumption within the framework of a
virtual locational energy market by making the nodal quantity || Bus-ID | Supply Bids || Bus-ID | Load Bids
bound of the supply or demand bid at each node in the virtual || Bus-1 | 104 0.05-¢ Bus-3 | 37 —0.05- ¢
energy market equal times the average (or expected) quantity Bus-2 | 154 0.05-¢ Bus-5 | 75—-0.1-¢q
produced or consumed at that node over all transmission con-|| Bus-4 | 424+ 0.025-¢ || Bus-6 | 80 —-0.1-¢
tingencies and load scenarios. Thus the quantity bound of each

nodal bid@ is modelled bya multiple of the average nodal liability scenarios for an FTR auction: no line outage, line-13
guantity @) at the expected nodal price. Namely,= « - Q). out, line-45 out, line-16 out, and line-25 out.

We will show that the clearing prices depend on the quantity

multiple o. Furthermore forx being unity (i.e., all FTR bids

are for the average quantity at the expected price) the resulting P:

auction prices deviate from the expected FTR values (that were 2 TTE -y
knownex ante). Let A, uf, u- andn be the dual variables as-
sociated with the first 4 categories of constraints wheig a

scalary,t, p,. (Vr € R) are m-vectors ang is a n-vector. The 3
dual problem of (1) is as follows.
_ min > erl()T + ()7L + 17 Q
sHr e 5T
st el + 3 Rl = ()G + 0" > O ety .
wt >0, >0,Vr € R, andn > 0. (G) " P
(2)

Proposition 1: If none of the quantity bound constraints inf'9- 1. A 6-Bus Test System.
(1) are binding, then the market clearing nodal prices resulting

from the virtual energy auction are equal to the bid vector 1) Casel: transmission line contingency but no load varia-
If a bid quantity bound constraint at a bui binding, then tion: We shall use the same supply and demand bid functions

the resulting market clearing nodal prid® differs from the @S in Chao et. al. [6]. Thex post nodal prices in each of the 5
bid pricec;. Specifically,P; is greater/less than if busiis a contingencies are given in table Il (parenthesis in the first col-

generation/load bus. umn represents the loss of a line). Suppose the probabilities
Proof: The market clearing nodal price vectdrof the ©f the contingencies happening are [0.6 0.1 0.1 0.1 0.1]. The
FTR auction (1) is given by: expected nodal priced)(P]) are also given in the last row of
table Il.
P=x-e"+ > (" = (1) "G, (3)  Suppose the FTR market participants submit FTR bids that
reR are equal to the expected payoffs over all contingencies. These

The conclusions can be drawn by inspecting the dual probldrias are the differences in the expected nodal prices given in
(2) and the strong duality between the primal and dual protable Il. Then the nodal price bids's in the virtual energy auc-
lems. B tion corresponding to the FTR auction can be set to the expected



TABLE Il TABLE IV

Ex Post NODAL PRICES AND EXPECTEDNODAL PRICES FTR PrRICE COMPARISON UNDERTRANSMISSION CONTINGENCIESONLY
Scenario| bus-1| bus-2| bus-3 | bus-4| bus-5| bus-6 FTR Bids
Normal | 265 | 26,5 | 265 | 485 | 485 | 485 FIRVa fa=11a=071a=05] "oy
(L-13) | 24.13| 24.13| 31.25 | 485 | 485 | 485 FTR-12 | 0.28 0 0 0.28
(L-16) | 20.63| 25 29.38 | 50 50 50 FTR-13 | 1.86 1.57 0 1.86
(L-25) | 24.17| 22.27| 26.042| 47.98| 59.41 | 53.69 FTR-14 | 23.19 | 23.48 21.34 23.19
(L-45) | 26.11| 26.48| 26.92 | 48.49| 48.56 | 48.49 FTR-15 | 24.34 | 23.48 21.34 24.34

E[P] 25.40| 25.69| 27.26 | 48.60| 49.75| 49.17 FTR-16 | 23.77 | 23.48 21.34 23.77
FTR-23 | 1.57 1.57 0 1.57
FTR-24 | 2291 | 23.48 21.34 2291
nodal prices given at the bottom of table II. We assume thatthe FTR-25 | 24.06 | 23.48 21.34 24.06
bid quantity for each FTR type is given bytimes the expected FTR-26 | 23.48 | 23.48 21.34 23.48
transaction volume between the corresponding points so that FTR-34 | 21.34 | 21.91 21.34 21.34
the quantity bound at each node is settoQ (i.e. Q = o - Q FTR-35 | 22.49| 2191 | 21.34 22.49
in (1)). For this data we compute the resulting market clearing FTR-36 | 21.91 | 21.91 21.34 21.91
nodal prices’;’s to examine whethetr; = P;, Vi =1,2,--- ,6. FTR-45 | 1.15 0 0 1.15
We choose the expected dispatch quantities over all five FTr-46 | 0.57 0 0 0.57
reliability contingencies at all nodes to Iig Namely,Q = FTR-56 | -0.58 0 0 058
(308.053, 213.733, 204.837, 243.855, 252.535, 308.320)
MW and vary the bounds for FTR quantity bids by varying TABLE V
the value ofa. Whena = 1, none of the FTR quantity bids LOAD CONTINGENCIES
is binding and the resulting®;’s, as reported in the second
column of table lll, are the same as thgs (last column of Node 3 Node 5 Node 6

table Ill). Whena = 0.7 or « = 0.5, some of the FTR no-load change 37.5-0.05q 75-0.1g | 80-0.1q
guantity bids reach the upper bounds thus resulting in market load+25% 46.875-0.05q| 93.75-0.1q| 100-0.1q
clearing prices;’s (see table IIl) that are different from the bid load —25% 28.125-0.05¢| 56.25-0.1q| 60-0.1q
pricese;’s. In particular, Gen-1, Gen-4 and Load-5 reach their

respective upper bounds when= 0.7 while Gen-1, Gen-2,

Load-5 and Load-6 reach the upper bounds when 0.5. The 6 buses over the 15 combined load and transmission line con-

in table I11. based on the price and quantity bids being set to the correspond-

ing numbers in the first row of table VII. That would correspond
TABLE Il to an FTR auction under the assumption of perfect price discov-
FTR AUCTION MARKET CLEARING NODAL PRICES ery. The rest of table VII contains the resulting nodal prices and
dispatch quantities at the 6 busesdo 1.5, 1.0, 0.7, and0.5.

a=1]|a=07] a=05| FTRBids Comparisons of the FTR values in the 4 cases of diffesént
bus-1| 2540 | 25.69 | 27.26 | 25.40 are shown in table VIIL.

bus-2| 25.69| 25.69 27.26 25.69

bus-3| 27.26 | 27.26 | 2726 | 27.26
bus-4| 48.60 | 49.17 | 48.60 | 48.60 B. AnIEEE 24-bus RTS Example

bus-5| 4975 | 4917 | 48.60 49.75 We now consider an IEEE 24-bus RTS with system topol-

bus-6| 4917 | 4917 | 48.60 4917 ogy shown in Figure 2. Generators are located at buses 1, 4,
7, 11, 13, 15, 17, 21, 22 and 23. The rest of the buses are
oads. Generation and load are represented by linear supply

. . I
Table IV provides a comparison of the FTR values undef,y jemand functions, respectively. In the base case (or, the

::h_ltae d.'ﬁerbe.gta values. The last column reports tke ante no-contingency case), the supple and demand bid functions are
price bigs. given in table IX.

2) Case2: both ransmission line and Iogd _COH'[I ngencies. 1) Case 1: transmission line contingency but no load varia-
Next we assume that under each transmission contingency tfya

. . : off: Following the same procedure as the one outlined in the
are three equally likely scenarios for loads: no change in loads,
25% more loads, an@5% less loads. Table V lists the load
curves in all three scenarios at nodes 3, 5 and 6. The assumed TABLE VI
joint probability distribution of the load and transmission line JO'NT DISTRIBUTION OF TRANSMISSION AND LOAD CONTINGENCIES
contingencies is given in table VI.

The computational results on market clearing nodal energy. Normal | (L-13) | (L-16) | (L-25) | (L-45)
prices, energy quantities, and auction-clearing FTR prices ar&ase Load| 0.2 0.04 | 0.04 | 004 | 004
given in tables VIl and VIII. The first row in table VIl shows| /0ad+25% | 0.2 0.03 | 0.03 | 003 | 0.03
the expect nodal energy prices and the dispatch quantities at tigad —25% 0.2 0.03 0.03 0.03 0.03




TABLE VII
FTR AUCTION BIDS AND MARKET CLEARING PRICES AND QUANTITIES
UNDER LOAD AND TRANSMISSION CONTINGENCIES

bus-1| bus-2| bus-3| bus-4 | bus-5| bus-6

P($) 243 | 255 | 285 | 47.1 | 539 | 50.8

%F('\T";’{\)’) 286.4| 210.6| 180.0| 185.4| 210.8| 291.6
P(§) | 243 | 255 | 285 | 471 | 539 | 508
8}“’1"3 250.0| 75.0 | 125.0| 241.7 | 133.3| 308.3
P($) | 243 | 255 | 285 | 47.8 | 539 | 508
a(l\mg 250.0| 75.0 | 125.0| 185.4 | 189.6 | 195.8

P($) 255 | 255 | 285 | 50.8 | 50.8 | 50.8

a(l\/(l)vgg 200.5| 124.5| 125.0| 129.8| 147.5| 182.3

P ($) 285 | 285 | 285 | 471 | 471 | 47.1

QMW) | 1432 105.3| 485 | 51.2 | 105.4| 145.8
(a:0.5)

TABLE VIII
FTR PrICE COMPARISON UNDERBOTH LOAD AND TRANSMISSION
CONTINGENCIES

N 15 | 1 | o7 | o5 | FTRBids Fig. 2. IEEE 24-Bus Reliability Test System.

(ex ante)
FTR-12| 1.21 | 1.21 0 0 1.21
FTR-13| 4.18 | 4.18 | 2.97 0 4.18 in computing theex ante FTR bids and then compute the FTR
FTR-14 | 22.82| 23.43| 25.31| 18.64 22.82 market clearing prices, we still find that the multipleneeds
FTR-15| 29.60| 29.60| 25.31 | 18.64 29.60 to be increased to 30 in order to achieve the convergence be-
FTR-16| 26.52| 26.52 | 25.31| 18.64 26.52 tween the FTR auction clearing prices and the corresponding
FTR-23| 2.97 | 297 | 2.97 0 297 expected settlement values reflected by the bids (see table XI).
FTR-24| 21.60| 22.22| 25.31| 18.64 21.60 Again, table XI contains the market clearing FTR prices under
FTR-25| 28.39| 28.39| 25.31| 18.64 28.39 4 differenta values and the FTR bids (the last column). A joint
FTR-26| 25.30| 25.30| 25.31| 18.64 25.30 probability distribution (similar to the one defined by table VI
FTR-34| 18.64| 19.25| 22.34 | 18.64 18.64 in the 6-bus example) on load variation (25% up or down) and
FTR-35| 25.42 | 25.42 | 22.34| 18.64 25.42 line outages is assumed in computing the prices in table XI.
FTR-36 | 22.34 | 22.34| 22.34| 18.64 22.34
FTR-45| 6.79 | 6.17 0 0 6.79 IV. CONCLUSION
FTR-46| 3.70 | 3.09 0 0 3.70 In summary, we demonstrate that FTR auctions enforcing
FTR-56 | -3.09 | -3.09 0 0 -3.09 the simultaneous feasibility constraints have inherent proper-

ties that result in fundamental inefficiency in the FTR market.

Specifically, the auction clearing prices do not converge to the
6-bus example, we first consider the transmission line outagggected payoffs of the auctioned instruments. Our analysis
over links between buses 10 and 11, 14 and 16, 15 and 21j@ficates that such divergence, which has been demonstrated
well as 19 and 20 in computing FTR price bids. The outagénpirically, cannot be attributed to lags in price discovery. We
probability of each of the 4 lines is 0.1. We then compute thghow that even when bidders are risk neutral and have perfect
market CIearing prices of FTRs with different multipie Ta- foresight of expected payoffs (WhICh they b|d) the FTR auc-
ble X provides a comparison of the FTR values under four tion would produce clearing prices that differ from the expected
values. The last column reports teeante FTR price bids. We FTR payoffs. Based on our analysis, it is evident that the clear-
observe that there are notable differences between the mafkgtprices depend on the quantity multiplewhich measures
clearing FTR prices and the FTR bids over buses 6, 9, 12 a total quantity of submitted FTR bids. When the FTRs serve
23 even when the multiple is 8. The auction clearing FTR primarily as hedging instruments, bid quantities for FTRs tend
prices converge to the bids (which reflect correct expected sgftrack expected transaction volumes and FTR bids are spread
tlement values) whea reaches a large value of 30. over large number of node pairs. Such spread, however has

2) Case 2: both transmission line and load contingencies: the effect of imposing quantity limits on certain FTR awards

As we incorporate load variation besides the line contingencgusing the clearing prices to deviate from the initial bid prices.



TABLE IX
IEEE 248US RTS: GENERATION AND LOAD BID FUNCTIONS

IEEE 248US WITH LINE CONTINGENCY ONLY: FTR AUCTION MARKET

TABLE X

CLEARING NODAL PRICES

Bus-ID Supply Bids Bus-ID Demand Bids

1 15.483 + 0.0150¢ 2 65.000 — 0.0820¢ Bus| a=1|a=3|a=8| a=30| FTRBids

4 20.000 + 0.0161¢ 3 75.517 — 0.1129¢ 1 29.9 | 215 | 215 | 215 215

7 12.555 + 0.0352¢ 5 63.000 — 0.0925¢ 2 | 40.8 | 40.8 | 40.8 | 408 40.8

11 29.000 + 0.0362¢ 6 42.289 — 0.0847¢ 3 39.2 | 438 | 438 | 438 43.8

13 39.859 + 0.1012¢ 8 62.517 — 0.1016¢ 4 252 | 252 | 25.2 25.2 25.2

15 29.678 4 0.0220¢ 9 50.517 — 0.0876¢ 5 40.1 | 40.1 | 401 40.1 40.1

17 23.180 + 0.0295¢ 10 59.517 — 0.0502¢ 6 | 404 | 40.6 | 40.7 | 413 41.3

21 30.031 + 0.0270¢ 12 45.289 — 0.0733¢ 7 18.7 | 18.7 | 187 18.7 18.7

22 20.966 + 0.0268¢ 14 64.517 — 0.0851¢ 8 | 40.2 | 40.6 | 424 | 424 42.4

23 35.330 + 0.0552¢ 16 58.289 — 0.1146¢9 9 41.4 | 422 | 418 43.3 43.3

18 76.547 — 0.0792¢ 10 | 405 | 414 | 414 41.4 41.4

19 72.517 — 0.0682¢ 11 | 416 | 416 | 416 41.6 41.6

20 63.289 — 0.1033¢ 12 | 405 | 411 | 410 | 416 41.6

24 72.289 — 0.0733¢ 13 | 414 | 414 | 414 | 414 41.4

14 | 39.1 | 40.1 | 409 | 409 40.9

15 | 40.2 | 39.7 | 39.7 | 39.7 39.7

In a more speculative market where FTR bid quantities exceetl 16 | 400 | 399 | 400 | 40.0 40.0

hedging needs, larger quantities of fewer FTR types would be 17 | 402 | 401 | 401 40.1 401

awarded and auction clearing prices are likely to better match 18 | 401 | 401 | 40.1 40.1 401

their expectedx ante valuations. We conclude that price dis- | 19 | 401 | 401 | 401 | 401 40.1

covery alone does not remedy the discrepancy betweenthe auc-og | 401 | 403 | 403 | 403 403

tion prices and the realized values of the FTRs. Such conver- 21 | 403 | 403 | 401 40.1 40.1

gence is essential if the FTRs are to fulfill the need for effi-| 25 | 402 | 401 | 401 40.1 401

cient risk management and provision of correct price signal for 23 | 405 | 407 | 40.7 405 405

transmission usage and investment. More liquidity inthe FTR 24 | 398 | 469 | 46.9 46.9 46.9

market through frequent reconfiguration auctions and the in-
troduction of flowgate rights that can be traded in secondary
markets are ways through which better convergence between
forward prices and spot realization of the congestion rents can
be achieved. Assuming that the bid quantities are fixed multi-
ples of expected transaction volumes is obviously a simplistic
assumption that is used in order to facilitate the sensitivity anal- ) _
ysis in this work. In reality the ration of bid quantity to averagel’! (éIhee(‘ft’r'iCHSQ%;ﬁOT?;fsifgggﬁnbEﬁ‘;‘f éflaigala@rygg;ﬁ;mgﬂ%?'f)m for
transaction volume may vary across FTRs. However, we be- 25-60.
lieve that the qualitative conclusion is valid as long as the bid
quantities are a relatively low multiple of the expected volumé4] Chao, Hung-po and Stephen Peck (1997). “An Institutional Design for an
which is the case when FTRs are allocated or auctioned off as Eée(it)r_igglcl%””w Market with Central Dispatctihe Energy Journal
hedging instruments. ' '

Finally, the above conclusions also suggest that from a prOIPﬂ Chao, Hung-po and Stephen Peck (1998). “Reliability Management in
erty rights perspective it might be more appropriate to allocate Competitive Electricity Markets.Journal of Regulatory Economics 14:
the FTRs themselves based on historical entitlements leaving it 189-200.
to the recipients to re-trade these rights as opposed to auctio[g]—

ing the FTRs and allocating the auction revenues. Chao, H., Peck, S., Oren, S., and Wilson, R. (2000). “Flow-based trans-

mission rights and congestion managemeltectricity Journal, 38-58,
Oct. 2000.
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TABLE XI

AUCTION MARKET CLEARING NODAL PRICES

Bus| a=1|a=3|a=8| a=30 | FTR Bids
1 216 | 216 | 216 21.6 21.6
2 427 | 41.4 | 427 42.7 42.7
3 38.3 | 458 | 458 45.8 45.8
4 249 | 249 | 24.9 24.9 24.9
5 34.0 41.8 41.8 41.8 41.8
6 40.7 | 409 | 41.2 41.2 41.4
7 18.7 | 18.7 | 18.7 18.7 18.7
8 40.1 | 40.7 | 427 42.7 427
9 415 | 425 | 40.9 435 43.5
10 | 39.7 | 42.0 | 42.0 42.0 42.0
11 41.7 41.7 41.7 41.7 41.7
12 | 40.3 | 40.2 | 40.8 41.6 41.6
13 | 43.2 | 43.2 | 43.2 43.2 43.2
14 | 37.1 | 411 | 411 41.1 41.1
15 | 40.1 | 394 | 394 394 394
16 | 39.8 | 40.0 | 40.0 40.0 40.0
17 | 39.8 | 38.8 | 38.8 38.8 38.8
18 | 39.3 | 39.3 | 39.3 39.3 39.3
19 | 40.0 | 40.0 | 40.0 40.0 40.0
20 | 399 | 399 | 39.9 39.9 39.9
21 | 406 | 40.8 | 39.5 39.5 39.5
22 | 40.3 | 39.1 | 39.1 39.1 39.1
23 | 40.6 | 40.6 | 40.6 40.6 40.6
24 | 394 | 495 | 495 49.5 49.5
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