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Abstract This manuscript presents a basic concept of
nodal price modeling in a competitive electricity market and
some special considerations on its formulation. Nodal prices
represented by locational marginal prices (LMP) based
settlement strategy is carried out in a deregulated market
environment to establish the amount of money received by
generation companies from system operator and paid to
system operator from customers. In this approach, cost of
transmission services is implemented together with LMP
which represents energy price, network losses cost, and
transmission congestion cost. The results show that the
proposed method has a better performance than the use of
conventional approach.

Keywords Transmission Congestion, Electricity Market,
Locational Marginal Prices, Network Losses, Economic
Dispatch, Optimal Power Flow, Shift Factor, Nodal Price

1. Introduction

In a competitive market environment, bottlenecks in the
transmission line will be an obstacle for perfect competition
among the market participants. Hence, the operation and
planning of transmission network systems should be planned
appropriately [1-3]. One obvious drawback of transmission
constraint is the congestion problem. Congestion is a result
of transmission constraint limiting the network capacity,
which imposes the simultaneous power transfer from a set of
power transactions.

Other significant issues that should also be addressed in
transmission management are network usage tariff and losses
[4, 5]. Transmission usage tariff is defined as embedded-cost,
while [6] classified it as use-of-transmission-system charge.
This is to convert stranded costs and O&M costs into
transmission charge cost, which refers to the previous capital
cost acquired in the transmission infrastructure development
and maintenance [7-10]. The last aspect in transmission
management is the cost of losses in the network. Although
the impact of losses may be small compared to other
potential sources of market inefficiency, this should also be

taken into account.

Above all, transmission congestion issue remains the
central problem in the new electricity structure [11-15].
Independent system operator (ISO) usually observes the
transactions, controls the state of the system and takes an
important role in handling the network congestion
management. Market operator is responsible to alleviate
network congestion to maintain the security and efficiency of
power system operation in order to ensure all market
participants have the same rights to access transmission
system without any discrimination [2, 16].

Therefore, the author in this paper introduces a scheme for
incremental cost-based energy pricing model to deal with
congestion including losses and transmission usage tariff,
but simplify the method and have acceptable transparency so
that it may correctly send an economic signal to the market
participants. In this manuscript, a new scheme is presented to
briefly review the main idea behind the LMP calculation, and
further discuss the techniques wused to incorporate
transmission usage tariff into the model. This would be a
comprehensive approach in which pricing of transmission
services is implemented together with short-term nodal
pricing, which is representing energy price, network losses
cost, and transmission congestion cost.

2. Proposed Method

Shift factor (S) methodology is employed in order to
perform congestion-based nodal price model through
optimal power flow approach. It is used with the intention to
maintain the linearity and superposition features of the
locational marginal price (LMP) model while still able to
account for both congestion and losses cost [17]. The shift
factor helps to determine the power flow over a given
transmission line from the source node (generation) to the
sink node (load). It is characterized by four attributes,
namely; a reference node, a particular node, a particular line
with reference direction, and the value of the shift factor. In
other words, the shift factor can be seen as the fraction of
transaction amount in line / due to injection change at the
node i.
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g = A flow in line |
Ainjection at nodei

Shift factor values will depend on network topology and
line impedance. Once these two variables change, the value
of shift factor will change as well.

Meanwhile dispatch model discussed in this paper
encompasses energy price, transmission congestion revenue,
and transmission losses cost. Embedded cost in terms of
transmission usage tariff is also added into this formulation.
Market operators use different approaches to account this
tariff, such as: postage-stamp method, contract path method,
MW-mile method, or counter-flow method [18].

So far, pricing for transmission services using such
methods above are still separately accounted from energy
market price calculation. With the intention of having an
efficient, transparent, and effective pricing due to
transmission network usage services, LMP models under this
scheme will be formulated by taking into account the tariff
for transmission usage as well.

By incorporating this component, the scheme is expected
to simplify the method and to have acceptable transparency
so that this may send economic signal correctly to the market
participants [19-21]. Accordingly, formulation for this
model will be as follow;

Total transmission usage tariff is written as

T,(F)=a,.flow, (1)

The objective function is to minimize the total social cost
and transmission usage tariff to decide the power supply and
required demand.

M ng
Min Y a,| flow, ()| + D [a B+ b By + ] o
m=1 i=1
— D [dPy+e Py +f]
i=1
Subject to the following constraints
Z‘,})G1 - })loxs (PG,) = ZPD/ (3)
i J

min max
Pg;"" <Pg;< Pg;
min max
Pp; ™" <Pp ;< Pp;
Sflow," <flow,<flow,," ™

With referring to the objective function and the constraints,
Lagrange function is then formed using Lagrangian
multipliers. These multipliers are referred to dual prices or
shadow prices.
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In order to obtain optimum solution for the calculation of
congestion cost and locational marginal prices, the first order
of Karush-Kuhn-Tucker (KKT) optimal condition should be
reached, which is derived from the Lagrange function.

If we assume

Gy = 2L ST [R1.LS] )
B IT- AG NP
P, (PGI-)=(1]. [Pl [T 1. [7s] o
2 2-[PDj :|]xi [BG ]m [PDj] A +[BG ]m

where
[Ac] = Ma]"[Gioss]-[Mc]
[Ba] = [Mp]" [Glass] [Mc] = [Mq]' [Gloss][Mb]
[Cal = [Mo]".[Guuss]-[Mp]

After obtaining the first order of Karush-Kuhn-Tucker
optimal condition, marginal nodal prices or LMPs for both
supplier and consumer nodes may be formulated as follows:
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The merchandizing surplus (MS) which contains
congestion revenue, cost of losses, and transmission usage
tariff will be:
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3. Results and Analysis

The proposed method is implemented with a simple 3-bus
system. Some important characteristics are evaluated to
describe beneficial features of the proposed method. The
system is required to deliver an aggregated load of 800 MW.
System details consisting of generation and branch profile
are given in Table I. Further implementation of the proposed
method on an IEEE reliability test system (IEEE-RTS) as
well as on different issues can be found at [22-31].

Table 1. 3-Bus System Generator and Branch Details

Generator Profile
b m; min G; max G;
($/MWh) ($/MW?h) (MW) (MW)
G 20 0.015 150 600
G, 18 0.015 50 400
Branch Profile
, " r X cap O
Topn pau. pau. (MW) ($/MWh)
LI 1 2 0.0134 0.1335 200 2
L2 1 3 0.0067 0.0665 550 1
L3 2 3 0.0084 0.1002 350 1.25
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From the simulation, it can be observed that the minimum
cost is achieved when node-2 is selected as the reference
node. This option makes an optimal power supply for
network losses at 24.00 MW, compared to 24.06 MW and
25.53 MW for node-1 and node-3, respectively.

Although node-1 and node-2 tend to have the same
network losses supply, selecting node-2 as reference node
gives a minimum objective value as well. This is similar to
the results of model without adding the embedded cost.
However, LMPs obtained under this scheme are now having
additional cost; namely transmission usage tariff. As a result,
despite all generators’ output and total branch losses being
similar before and after incorporating the embedded cost, the
objective value, cost of losses, and merchandizing surplus
are different. The relationship between objective value and
merchandizing surplus relatively to the selection of reference
node are given in Figures 1 and 2.

It is obvious from simulation results that the most
significant finding is that branch flow over transmission line
2-3 becomes un-congested when node-2 is selected as the
reference node. Meanwhile choosing node-1 or node-3 as
reference node or even for all reference nodes under scheme
without losses component, line 2-3 is always in binding
circumstances. This means transmission congestion is able to
be avoided which is in this case by choosing node-2 as the
reference node.
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Figure 1. Merchandizing Surplus
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Figure 2. Objective Value

Accordingly, there is no congestion revenue, and
merchandizing surplus only contains cost of network losses,
which is the lowest cost of losses as well for this scheme.
That is why merchandizing surplus and objective value in
this option are about half of the value of other selected
reference node, as shown in Figures 1-2. Normally, this

congestion revenue takes a big portion in performing
merchandizing surplus. Illustration about the change of
branch flow is shown in Figures 3-7.

In summary, based on all output parameters resulted from
the simulations, it is clearly proven that the proposed method
shows an improved performance compared to the widely
well-known conventional method, DC-OPF.

Findings of this work are supposed to be useful to support
developing standard market design in transmission networks,
which promotes economic efficiency, lowers delivered
energy costs, maintains power system reliability and
mitigates exercising market power.
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Figure 3. Unconstrained Branch Flow
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Figure 4. Constrained Branch Flow Using SF-OPF with Ref. Node #1
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Figure 5. Constrained Branch Flow Using SF-OPF with Ref. Node #2



Universal Journal of Electrical and Electronic Engineering 2(3): 132-136, 2014

G1 G2
449.71 MW 375.82 MW
27.352 $/MWh 25.453 $/MWh

L1
25.82 MW

congested

30.113 $/MWh

800 MW

Figure 6. Constrained Branch Flow Using SF-OPF with Ref. Node #3
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Figure 7. Constrained Branch Flow Using DC-OPF

4. Conclusions

There are three significant issues of transmission
management that should be properly handled to accomplish
open access environment in a competitive electricity market,
such as: transmission congestion cost, network losses cost as
well as transmission usage tariff. Besides, an effective
congestion-based nodal price modeling is the key factor in
determining transmission pricing, which could generate
economic signal especially as congestion happens.

A comprehensive tool for congestion-based nodal pricing
is need to be developed to encourage transparent and
competitive price but still be able to address the issues
surrounding transmission management.

Therefore, in this paper a new perspective of the impact of
market clearing mechanisms on electricity pricing 1is
addressed. An alternative method that makes use of shift
factor based optimal power flow is developed as an
improvement over traditional DC optimal power flow
method. The results show that the proposed method has a
better performance than the use of conventional approach.
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