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Abstract: This paper develops a method for nodal pricing and market clearing mechanism 
considering reliability of power system. The impacts of power system component reliability 
on electricity price, market participants’ profit and system social welfare is considered in 
this method. This paper considers reliability both for evaluation of market participant’s 
optimality as well as for fair pricing and market clearing mechanism. To achieve fair 
pricing, nodal price is obtained through a two stage optimization problem and to achieve 
fair market clearing mechanism, comprehensive criteria are introduced for optimality 
evaluation of market participant. Social welfare of the system and system efficiency are 
increased under proposed modified nodal pricing method. 
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1 Introduction1 
Pricing and market clearing mechanism are challenging 
issues in power market articles. Yet nodal pricing or 
Locational Marginal Pricing (LMP) is applied in some 
energy & ancillary service markets and even for 
transmission cost allocation and system planning [1-4]. 
LMP depends on line flows, generation and customer 
location in the network, lines losses and … hence this 
dependencies cause sometimes unfair nodal prices. In 
the following, some of the LMP defects are discussed 
more in details. 

Based on LMP mechanism the Transco revenue 
doesn’t relate to the extent of generators and customers 
gain from transmission network [1]. For instance 
consider a two bus system with a load and generator at 
each bus. When generation in power transmitter bus 
increases, naturally the price in this bus increases. 
Despite the load of this bus decreases the line 
congestion between two buses, this load should pay 
more to gain this line caused by price increase in this 
bus and this is irrational. From another aspect, in this 
pricing method part-loaded generator determines the bus 
price so when a generation of a part-loaded generator 
increases, the bus price and therefor generator revenue 
increase too, without considering the efficiency of 
generators. The defects of LMP are discussed more in 
detail in [5]. Ultimately, LMP appears to be necessary, 
but it (in conventional format) is not certainly fair 
pricing method in competitive electricity markets. 
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Some literature have been tried to address the 
defects of nodal pricing and related market clearing 
mechanism [5-18], but each of them has its own 
superiorities and defects. To address the LMP 
imperfections some papers modify the LMP through 
modifying OPF objective function and its constraints [5-8]. 

While the above researches tend to achieve fair 
pricing and market clearing mechanism, they don’t 
consider the probabilistic nature of power system. 
Generation, transmission and loads can affect the 
system reliability and fail of every generation unit or 
transmission line can affect LMPs. Forced outage of 
every market participant can face the power market to 
new generation commitment and new line flows and 
hence new LMPs. 

Customer’s reliability level which is one of the key 
elements of improved power market has not been 
considered in the previous researches. The load 
interruption cost for each customer in a contingency 
state, should be modeled and considered in pricing 
method. From another aspect, the reliability level of 
each component of power system should affect its 
revenue. For instance, the Forced Outage Rate (FOR) of 
a generation unit or line should affect the revenue of the 
Genco and the Transco. 

As a matter of fact, neglecting reliability of the 
system causes unfair pricing and then unfair market 
clearing mechanism. This paper considers the power 
system reliability not only for evaluation of power 
market participant optimality, but also for pricing and 
cost allocation. The effects of power system 
components reliability on electricity price, market 
participants’ profit and system social welfare is 
considered in proposed nodal pricing method. This 
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paper modifies nodal pricing method through a two 
stage optimization method considering reliability and 
optimality of each power market participant. At first, 
comprehensive benchmarks are introduced to evaluate 
whole system efficiency. To achieve fair pricing, nodal 
price has been obtained through a two stage 
optimization problem and to achieve fair market 
clearing mechanism, comprehensive criteria has been 
introduced for optimality evaluation of market 
participant. Social welfare and efficiency of power 
system are increased under proposed modified nodal 
pricing method. 

In this paper in section 2 some basic relations is 
explained to introduce the proposed nodal pricing 
method. In section 3 the proposed nodal pricing method 
is introduced. Section 4 contains numerical result of this 
pricing method and also comparison of proposed 
method with other pricing methods and section 5 
concludes the paper. 
 
2 Basics of the Proposed Nodal Pricing Method 

In proposed method at first the whole power system 
is divided to three parts: 1-whole system generators, 2-
whole system loads, 3-Transco. 

Each of these three parts has its own effects on the 
whole system efficiency. A criterion is introduced to 
evaluate the role of every part in the whole system 
efficiency. This comprehensive criterion is called Total 
Social Welfare (SWt). It is equal to the summation of 
whole system generators’ profit (Gprofit), whole system 
loads’ profit (Lprofit) and Transmission Company’s 
profit (Nprofit) as Eq. (1). After substituting the profits 
with revenue minus cost, the SWt is equal to the load 
revenue minus generation cost and instruction cost of 
lines as Eq. (1). This equation can be a comprehensive 
benchmark to evaluate the whole system efficiency [5]. 
SWt = Gprofit + Lprofit + Nprofit 
        = GR – GC + LR – LC + NR – IC 
        = – NR – GC + LR + NR – IC                             (1) 
        = LR – GC – IC ($/h) 
where R stands for revenue, C stands for cost, G stands 
for generations, L stands for loads and N stands for 
transmission network. In the following, the share of 
every group from total social welfare is determined 
according to its Profit Share (PS) of total social welfare. 

By running an OPF (as below) the generation vector 
Pg and demand vector Pl are determined and then SWt 
can be calculated using Eq. (1). 

OPF problem: 
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∑
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Allocating SWt between power market participants 
comes about in 2 steps. In first step it is divided to 3 
parts between generation companies, Transco and 
customers according to their role in the optimality of 
whole system. Eq. (3) signifies a criterion for assessing 
the optimality of act for each participant group with 
respect to all participant groups best act. For this 
purpose, the present performance of each group, their 
optimal performance and the situation of eliminating 
them from the system, should be investigated. In the 
following a criterion for optimality evaluation of each 
group can be defined as Eq. (3). This equation will be 
utilized to settle the participant groups’ profit share. The 
term “co” in Eq. (3) alludes to every participants group. 
SWtpresence,Co, SWtabsence,Co, and SWtbest,Co represent the 
Total Social Welfare for the present system , the system 
without the entity, and the system with its best possible 
behavior, respectively. Details about these quantities are 
described as follows. 

presence,C o absence,C o
C o

best,C o absence,C o
C o

SW t SW t
P S

(SW t SW t )
−

=
−∑

           (3) 

 
2.1  Profit Share of Transco 

To obtain the PS of Transco through Eq. (3) at first 
the SWtpresence is calculated through Eq. (1) after running 
OPF (Eq. 3). The best state of a transmission company 
is called Reference Transmission Network (RTN) as 
described in detail in [1] so the SWtbest  for Transco is 
the total social welfare when network lines capacity are 
same as to RTN lines capacity. The SWtabsence for 
Transco denotes the SWt in the case of removing all 
network lines, so just local loads & generations benefits 
are considered in Eq. (1). After calculating the 
SWtpresence, SWtabsence and SWtbest and substituting them 
in Eq. (3), the PS of Transco is obtained. Now the profit 
share of Transco from the SWt is determined through 
Eq. (4). 

Pr

. .TransCo TransCo

Co Customers odusers TransCo
Co

PS PS
Nprofit SWt SWt

PS PS PS PS
= =

+ +∑
 (4) 

 
2.2  Profit Share of Whole System Generators 
To obtain the PS of whole system generators 

through Eq. (3) at first the SWtpresence is calculated 
through Eq. (1) after running OPF (Eq. (2)). To 
calculate the SWtbest for generation companies, at first 
the best state of generation companies should be 
defined. The best state of whole system generation is 
obtained through the OPF problem without considering 
of the generation upper limit. The SWtabsence for 
Generation companies is zero since no supply and 
demand exists in the system without generation units. 
After calculating the SWtpresence, SWtabsence and SWtbest 
and substituting them in Eq. (3) the PS of whole system 
generation is obtained. Now the profit share of 
Generation companies from the SWt is determined 
through Eq. (5). 
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2.3..Profit Share of Whole System Loads 

To obtain the PS of whole system loads the 
SWtpresence has been calculated through Eq. (1). Load 
revenue is calculated via equation αPl^2+βPl [5]. The 
SWtabsence of loads is equated to zero since without 
system loads, no generation exists and so the SWtabsence 
for loads is equated to zero. The best state of whole 
system load doesn’t make any sense since the loads 
don’t carry out any operation or task in the system to 
have the best state. In another word the loads don’t have 
participation in any system expansion planning, neither 
transmission expansion plans nor generation expansion 
plans. So loads don’t have the best state to determine, 
hence the SWtbest for loads is equal to their SWtpresence. 
Ultimately by calculating the SWtpresence, SWtabsence and 
SWtbest and substituting them in Eq. (3) the PS of whole 
system loads is calculated and the profit share of the 
whole system loads can be calculated through Eq. (6). 
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PS

PS
SWt
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Totally, according to above descriptions, each group 
in power system should benefit according to its effect 
on system efficiency. The second step of SWt allocation 
is allocating Lprofit, Gprofit and Nprofit between loads, 
Gencos and Transco respectively, which comes about 
via running the second stage of optimization as describe 
in detail in section 3-2. 
 
3 The Proposed Nodal Pricing Method 
3.1  Optimality Evaluation of Market Participants to 

Allocate Lprofit, Gprofit and Nprofit Between 
Loads, Gencos and Transco Respectively 

 
3.1.1  Gencos Optimality Evaluation 

To allocate Gprofit between Gencos, at first a 
criterion should be introduced to evaluate each Genco 
efficiency. As regards the outage of a generation unit 
can increase cost of the system and also electricity price. 
So the force outage rate of every generator or in another 
word, the reliability of a Genco should affect its 
revenue, so the generation efficiency vector is defined 
as the vector containing the ratios of the producers’ 
expected mean revenue to their expected costs, 
according to Eq. (7). The symbol λ* and *λ  denotes to 
the nodal price and the average electricity price in the 
system respectively as defined in Eq. (7). 

_
* *(1 ) / ( *(1 ))G G GFOR FORλ= − ⋅ −η Q GC Q               (7) 

FOR is the generator unavailability possibility and 
the term 1-FOR denotes the generator availability 
possibility, therefore the term QG*(1-FOR) denotes the 
available power of a generator. In another word, the 
power generation of a generator is QG and the revenue 
of a generator is λ*QG if the generator is available.

  
3.1.2  Loads Optimality Evaluation 

As expressed previously, the optimality evaluation 
of loads doesn’t make any sense hence the gain of a 
load from transmission network is considered as a 
criterion to allocate the Lprofit between system loads. 
The usage of loads from transmission network (UD) is 
directly related to the net power (pi) of the bus i as Eq. 
(8). The denominator of the fraction is the summation of 
whole inflow and outflow power at bus i. If the demand 
and generation are equal at bus i the net power pi and 
therefore UD will be zero for the load at this bus. If the 
net power of bus i (pi) is positive the UD is equated to 
zero since this bus injects power to the system and loads 
at this bus have no usage from transmission network 
and if the net power of bus i (pi) is negative represents 
that this bus is receiving power from the system. 
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By obtaining UD through above equation and 
multiplying it to the instruction cost of network lines 
(IC), the share of each load from network instruction 
cost is obtained. In another word, the share of each load 
from the instruction cost of the lines relates to the usage 
of each load from transmission network (UD). Then after 
subtracting the load revenue from network usage cost of 
load (IC*UD), the efficiency of load can be formulated 
like generator efficiency as below. The dominator of 
this fraction denotes the load payment or load cost. As 
much as this cost decrease, load efficiency increase. 

( )( ( ) * ) /( * )D IC λ= − ⋅D D Dη L R Q U Q         (9) 
 

3.1.3  Transco Optimality Evaluation 
In this paper Transco is modeled as a unique 

company and doesn’t have any rival in the system. 
Therefore Nprofit is paid to this unique company and 
the efficiency of Transco is just evaluated in the first 
stage of SWt allocation (section 2-A). 

In reviewing of explained sections graphically, the 
two steps of SWt allocation are depicted in the Fig. 1. 
According to this figure the first step of SWt allocation 
occurs between Gencos, Transco and whole system 
Loads as explained in section 2. After performing the 
first step of SWt allocation, Lprofit, Gprofit and Nprofit 
are determined. Then the second step of SWt allocation 
allocates Lprofit, Gprofit and Nprofit between loads, 
Gencos and Transco, respectively. 
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Nomenclature 
Here are symbols which are used in this paper. 

Ng: Generation bus. 
Nl: Load bus. 
QG: Column vector of active power generation of 

generator (MW). 
UP

GQ : Column vector of higher active power generation 
limit of generator (MW). 

QD: Column vector of demand of bus (MW). 
δ: Column vector of voltage angle (rad). 
P(δ): Column vector of net active power injected to 

system buses (MW). 
f: Column vector of power flow in the system 

lines(MW). 
B: transmission network susceptance matrix (NB*NB). 
H: sensitivity matrix f=Hδx (NL*NL). 
SWt: Total Social welfare, i.e summation of all 

participant economic profit in the network after 
running OPF ($/hour). 

SWLG: Loads & Generators Social Welfare in the 
network after running OPF. 

Gbenefit: Generators benefit in the network after 
running OPF ($/hour). 

Lbenefit: Loads benefit in the network after running 
OPF ($/hour). 

Nbenefit: Network benefit in the network after running 
OPF ($/hour). 

NR: Network Revenue in the network after running 
OPF ($/hour). 

IC: Instruction cost of lines in the network after running 
OPF ($/hour). 

LR: Loads Revenue in the network after running OPF 
($/hour). 

LC: Loads Cost in the network after running OPF 
($/hour). 

GC: Generators Cost in the network after running OPF 
($/hour). 

GR: Generators Revenue in the network after running 
OPF ($/hour). 

LCP: Load curtailment of active power. 
FOR: Forced outage rate. 
U: Unavailability of a component. 
A: Availability of a component. 
λc: Failure rate of a component. 
µc: Repair rate of a component. 
dj: The mean repair time of a failed component. 
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