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Abstract In context of electricity market, the transmissjatice is an important
tool to an efficient development of the electricitystem.The electricity market is
influenced by several factors; however the transiois network management is
one of the most important aspects, because theortetsva natural monopoly. The
transmission tariffs can help to regulate the marice that reason evaluate tariff
must have strict criterions.

This paper explains several methodologies to tanéf use of transmission net-
work by transmission network users. The methodsemied are: Post-Stamp Me-
thod; MW-Mile Method; Distribution Factors Method3yacing Methodology;
Bialek’s Tracing Method and Locational Marginal dexi

Introduction

In traditional power sector based on verticallyegrated utilities (generation
transmission plus distribution, and retail) is nmaytoward a new structure of ver-
tical disintegration. In the wholesale power marladit generators compete to sell
to all distributors or directly to customers anthilers if retail competition is al-
lowed. Under this new unbundled structure of gati@n and transmission with
competitive trading between wholesale market pgdits, the traditional pool
operating functions have been more clearly defiaed segregated into: Market
operation functions and System operation functidre market operation func-
tions associated to energy trading, scheduling, settlement of energy transac-
tions in different time horizons and the systemrapien functions related to oper-
ation and control of the bulk power system to nieatl and security needs with a
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real time dispatch to balance supply and demamdaiaage ancillary services and
to maintain system reliability, and to manage trmaigsion congestion [1].

The effective competition in reformed wholesalectrieity markets can only
be achieved if the following six prerequisites aret: separation of the grid from
generation and supply; wholesale price deregulatisufficient transmission ca-
pacity for a competitive market and non-discrimingtgrid access; excess gener-
ation capacity developed by a large number of cdimpegenerators; an equili-
brium relationship between short-term spot marketd the long-term financial
instruments that marketers use to manage spotketngrice volatility; an essen-
tially hands-off government policy that encompassekiced oversight and priva-
tization. The absence of any one of the first fieaditions may result in an oligo-
poly or monopoly market whose economic performadoes not meet the
efficiency standards of a competently managed etgdlelectrical utility [2].

An important issue to guarantee effective wholesaltricity competition
concerns the division of responsibilities into omgyi operating, and regulating the
transmission system. A cornerstone of restruaguiinthe separation of genera-
tion from transmission. Under this segregated &iire¢ transmission companies
and systems operators continue to be regulated.rAlismission Systems Owners
(TRANSCOs) must provide comparable and nondiscimairy service to inde-
pendent generators. The availability of transmissistallations and the location
of new transmission investments significantly affeading opportunities.

In spite of the deregulated electricity market &wvdn separated the activities of
the transmission and production, the electricaidnaission networks are assumed
as a natural monopoly. This is due to the econdamd sometimes even physical)
impossibility of the existence of several altermatinfrastructures as transmission
networks. Anyway, this monopoly cannot constituteadstacle for the activities
of the agents who act in these markets. So thdeexis of adequate regulation
that guarantees the access to the transmissiotriedémetwork is required [3].
Many authors argue that the transmission netwoekksy element in the process
of liberalizing the electricity market. Within thioncept, the transmission tariff
system and the user costs allocation must preseraslequate resource allocation
among market agents [4].

Evaluate of transmission tariff can reflect thel rieapact in the transmission
network users and in the distribution costs. Thamee several methods for trans-
mission costs allocate.

2 Methodologies for Transmission Cost Allocation

In general, all methodologies for transmission gharpresent advantages and
disadvantages, each methodology using differensvi@llocate the costs due to
the use of the transmission network. The Post-Stamapthe contract path are two
primarily methods for transmission allocation [4]jeBe methods are simple and
can be easily implemented, but they do not condigeractual transmission net-
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work use and do not provide adequate economic Isigiiiing at efficient trans-

mission network use. Some methods, as the MW-ma¢had [5], consider the

power flow impact that each agent causes in eaehdf the transmission network.
Marginal methods are other methodology for allaratperational as well as em-
bedded costs of transmission networks.

Different methodologies for transmission cost akimn have appeared in re-
cent years. Thpro-rata method present allocates costs to generators emdrtts
according to the sum of active power produced/cowsl by each genera-
tor/demand.

Other methods more complex, distribute the cosedbamn the active power
flow produced by generators and demands throughrémsmission lines. These
methods use the proportional sharing principle, rettibe flow attributed to each
generator and demand in upstream lines, deterntieepbwer flows through
downstream lines. Thus, these flows are associatédthe origins and destina-
tions, i.e., generators and demands. More dethithi® method can be found in
[6] and [7].

The nodal method used in many countries, allocttesnetwork usage costs
and provides a measure to this allocation baseabtimal power flow sensitivity
in each line due to the power injected at each bus.

The network usage method uses equivalent bilagschianges to allocate costs
to generators and demands. Thus, each demandilimittti a generation fraction
and, a fraction of each demand is attributed td @gmerator. The cost attribution
by the network usage method occurs consideringrttpact in terms of power
flow of each equivalent bilateral exchange in eransmission line obtained by
DC power flow solution.

The Z,,s method [8] presents a solution based onZfematrix and considers
the current injection at each bus. The combinatibd,,s matrix and currents in-
jections, determines the measure of sensitivity thdicates what the individual
contribution of each current injection to produte fpower flow through of a
transmission line.

2.1 Post-Stamp Method

Postage Stamp method is traditionally used by mteatilities to allocate the
fixed transmission cost among the users firm trassion service [4]. This
method is an embedded cost method, which also dcalided-in embedded
method. This method does not require power flowwdations and is independent
of the transmission distance and network configomatin the other words, the
charges associated with the use of transmissioteraysletermined by postage
stamp method are independent of the transmissigtartie, supply and delivery
points or the loading on the different transmisdmxilities caused by the transac-
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tion under study. The method is based on the adsumihat the entire transmis-
sion system used, regardless of the actual faslitiat carry the transmission ser-
vice. The method allocates charges to a transmissser based on an average
embedded cost and magnitude of the user’s trartspotser.

The expression (1) e (2) allow evaluate the t&{tf) imputed to each transac-
tion u.

p-_ CT
> PG(g) 1)
R(u) = PxW(u) )

Where

CT s the total cost to share ($/MW)
W(u) Active Power transitioned (MW)

Post-Stamp method has several disadvantages bedaesenot give economical
signals. This method to tariff the transmissionyaeiflects the energy transitioned
independently the use or not the transmission nétwo

2.2 MW-Mile Method

MW-Mile method, existing network costs of transrasssystem are allocated
proportionally to the MW power flows caused by atomer in a transmission
network [5]. This method is an embedded cost methatlis also known as a line
by line method, because it considers, in its caldohs, changes in MW transmis-
sion flows and transmission line lengths. The t&tifs evaluated by:

_cT
P 3)
Y FRxL,
k

Where
CT s the total cost to share ($/MW*mile)

Fc  is the power flow in lin& (MW)
Ly  isthe line length (mile)



The method MW-Mile evaluate charges associated @atth wheeling transac-
tion based on transmission capacity use as a amatf the transact power, the
path followed by transacted power. This method ddpeon operational system
configuration usually used the dc power flows Hsbaan used in ac.

2.3 Distribution Factors Methods

Distributions factors are sensitivity factors tla#lbw evaluating the line flows.
These factors are calculated based on linear loads f they are used in the pro-
posed methodology to approximately determine thgach of each generator and
load on transmission line flows [9].

2.3.1 Generalized Generation Distribution Factors

The Generalized Generation Distribution Factors P&E& or D factor) deter-
mine the impact of each generator in line flowse Bxpression used to calculate
the GGDF is:

Divp =Dir *Axp 4)

The Ay, factor is evaluated using the reactance matrix@ngower flow ap-
proximation. This factor represents the incrementsd of the transmission net-
work and depends only on the transmission netwbakaxteristics.

The GGDF factor of the reference bus can be oldaasdollows:

F?Ok _Z A k,p |:(Bp
p:
D, = pi{ (5)
GP
=1

N
1

p

The impact in line flows evaluated by this methechot an incremental value
but is absolute.

GGDF factor depends of the characteristics libes|t does depend of the ref-
erence bus. GGDF factor depends on the operatiom. po



2.3.2  Generalized Load Distribution Factors
The Generalized Generation Distribution Factors P6& or C factor) deter-

mines the impact use of each load in line flowse Elpression used in the simu-
lator proposed in this paper is:

Cm=Cr tAcnm (6)
The GLDF factor of the reference bus can be obthasefollows:
0 N
I:i) kK z A k,m DLm
m:
m:

Cy, = @
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The impact in line flow evaluated by this methoch@ an incremental value
but it is an absolute one.

GLDF factor depends of the characteristics lifes,it does depend of the ref-
erence bus and the GLDF factor depends on the tipeoint.

2.4 Tracing Methodology and Bialek’s Tracing Method

The section 2.4 explains the principles concepttheftracing methodology and
the proportional sharing. The second part of tkistien show how to apply this
math technique in the Bialek’s tracing algorithm.

2.4.1 Tracing Methodology

The core of the power flow tracing method [9] ie ffower flow proportional
sharing principle, which says that for every naaa network, the proportion of
power flow on each outflow branch fed by each wflaranch is equal to the pro-
portion of the inflow from this branch in the totaflows.

For example, in fig. 1, there are 4 branches caedewith node, whereg; andg
are the inflow branches amg, andq, are the outflow branches.



Fig.2 .1 Proportional Sharing

Taking into account thKirchhoff laws, we have

g, t0 =0, G (8)

Nodesj e k can represent producers connected directly oni,baisd nodem
and nodd can represent consumers connected on hode

The outflowqy, is compose by two components in functiorgeéndg;.

— qi * qk *
On =" qm+— Om o
Q; + 0 Q; + G ¥
The same wayq, 0}, Ok
_ qi * qk *
BT E , .
— qm * qI *
g, =—— F—"%q. 11
" d.tg ' g,tq o
O =— % g +—d_xgq, (12)

Gu*G GntG

This way to evaluate the shares can be appliedl taodes of the transmission

network. The goal is to calculate the power flowpant provoked by the transac-

tions.



2.4.2 Bialek’'s Tracing Methodology

Tracing methods are based on ac power flow methodisg to determine the
contribution of transmission users to transmissieage. Tracing methods could
be used for transmission pricing and recoveringdixransmission costs. In this
work, we discuss one tracing method, which aregeized as the Bialek’s tracing
method. Thus, in this method, it is assumed thdahmflows are shared propor-
tionally among nodal outflows [9, 10].

This method is used to evaluate the contributiothefgenerators in the losses
in each transmission network branch.

To show how is algorithm works; it is define thegg demand as the sum of a
particular generator and its allocated part ofttital transmission loss. The total
gross in a system is equal to total actual germraliopological distribution fac-

tors are given by following equation in whidB.?  refers to the" generator’s

ik,p
contribution to lind-k flow.
g — p'? N -1 — N g A d
Pik —sz_l[ph J Pep _leDij,pPep- j0a; (13)
i = ip =
Where
plk:ké‘ﬁlg‘-l-lji; i=12,...n (14)
1 i =k
il
= —I_ kDau (15)
LA—‘J|k Pk |
0 otherwise

The gross power value at any bus is equal to thergéed power amount at the
bus taking into account the imported power flowmrirneighboring bus. The total
usage of the network by tH&' generator {gp) is calculated by summing up the
individual contributions (multiplied by lines weitf) of this generator to line
flows. His value could be given by:
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2.5 Locational Marginal Price

In competitive electricity markets, LMP are impartgricing signals for the
participants as the effects of transmission lossekbiding constraints are embed-
ded in LMP. While these LMP provide valuable infation at each location, they
not provide a detailed description in terms of cibwtion terms. The LMP com-
ponents, on the other hand, show the explicit deasition of LMP into contribu-
tion components, and thus, can be considered & loedrket signals [11].

After solving congestion, the standard locatiormddgfor locationi and timet
is calculated as:

LMPaux = LMP®* + | MP®™ (17)

Where:
LMP&¥ marginal energy price of system ($/MWh)
LMP/*s marginal loss price at bug$/Mwh).

The shadow price is the change in the objectivaeraf the optimal solution of
an optimization problem obtained by relaxing thesteint by one unit. In a busi-
ness application, a shadow price is the maximueegtiat management is willing
to pay for an extra unit of a given limited resaurc

Locational marginal pricing is a market-pricing apgch used to manage the
efficient use of the transmission system when cstige occurs on the bulk power
grid.

LMP consist of three components as follows:

LMP = LMP*®® + | MP°® + L MP*" (18)

where
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LMP; locational marginal price at bug$/MWh)
LMPTeY marginal energy price of system ($/MWh)
LMP/'*s marginal loss price at bug$/MwWh)
LMP;*d marginal congestion price at biu&/MWh).

The loss and congestion components are definedllas/é:

LMP" = (DF, —1)* LMP*®% (19)
LMR™ =3 GSDR* (20)
10K
Where:
DF; delivery factor at bus
GSDF, generation Shift Factor at lie
B constraint incremental cost (shadow price)

associated with line k

k set of congested transmission lines.

2.5.1 Penalty Factors and Delivery Factors
The Penalty Factor associated with any bus on rdmesmission system is de-
fined as the increase required in injection at theg to supply an increase in with-

drawn at the system reference bus with all other et injections held constant.
Mathematically, the Penalty Factor for busan be calculated as:

F’FI = ;
1- 0P, (21)
oR

Where
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—Los - is the incremental transmission loss and cacalbailatedoy

oR,

LOS e
o3 (S

Equation (22) can be reformulated as equation §28)equation (24).

ap a nl ni 2
el Tl Z(ZA.XPJ xR (23)

i =1\ i=1

T[S n n)

where

P; - net injection at bus(MW)
P, - power flow in linel (MW)
R - line resistance (ohm).

In the marginal loss pricing formulation, the Deliy Factors are also needed

in addition to the Penalty factors.
The Delivery factor of buscan be calculated as in (25):

DF, = 1 =|1- aPL"S (25)
PF oP
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3 Conclusions

In the context of competitive electricity marke&dectrical transmission net-
works are assumed as a natural monopoly. Anywhg, honopoly cannot
constitute an obstacle for the activities of therag who act in these markets.
The transmission tariff allows charging the costoatated at the transmission
network. Present paper explains some methodologshénge the fixed trans-
mission costs. This methodology has different wiayallocate the cost by us-
ers of the transmission network. The methods ptedemre: Post-Stamp
Method; MW-mile; Distribution Factors; Tracing Meitlology; Bialek’s Trac-
ing Method and Locational Marginal Price.
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