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Abstract -  In the deregulated power systems, the 
congestion management is a fundamental task for an 
independent system operator (ISO). This paper 
explores the share of the market participants in the 
nodal prices congestion component. In the paper, the 
nodal prices have been divided into a component for 
the generation and the losses and a system congestions 
component. The computation and the analysis of the 
nodal prices have been realized with a modified version 
of MATPOWER. In addition this paper analyses the 
consequences of system participants’ bid behaviour and 
its effect on the systems congestion. Results from 
simulated experiments are presented on a 15-nodes test 
system as well as on a realistic high voltage network. 
 
Keywords: nodal prices, congestion component, nodal 
generation distribution factors, MATPOWER, Pool 
Market, bid gaming. 
 
 

1. INTRODUCTION 
 
       The move of the electric power industry in the last 
years from a monopolistic to a deregulated form has 
resulted in various changes in the operation of the 
electrical networks. Among them the congestion 
management has been a very important concern for an 
ISO. The management of such situations consists of two 
basic elements, which are interdependent. The first 
concerns the redispatching of generation or even more 
partial curtailment of loads, which may be necessary. The 
second is the pricing of the congestion and the proper cost 
allocation among the market participants. In order to deal 
with this task the ISO needs a clear and precise view of the 
power system situation regarding the technical as well as 
the economical side.  
       One of the competitive electricity market types is the 
Pool Market model. The main characteristics of this model 
are the pricing for electricity using the results of an optimal 
power flow (OPF) program [1] and an associated bid-based 
dispatch in order to fit producer supply and consumer 
demand. The power nodal prices vary by location to 
reflect, among other things, the losses generated in 
supplying power to a bus and the system congestions when 
they exist. The congestion management is based on the 
congestion component of nodal prices [2]. Therefore it is 
essential to calculate this part and moreover to estimate its 
origin. 
       This paper presents a method for the assessment of the 

generators and loads participation in the congestion. The 
producers’ impact on the congested lines has been studied 
using the nodal generation distribution factors (NGDF). In 
the paper the nodal prices have been divided into a 
component for the generation, the losses and a system 
congestion component. Particularly, the computation and 
the analysis of the nodal prices have been realized with a 
modified version of MATPOWER program [3]. Moreover, 
the consumers’ elasticity has been also taken into 
consideration in this version. This paper explores the share 
of market participants in the nodal congestion component. 
In particular, producers’ impact is focused on. In addition 
the paper deals with the gaming of the producers. The 
consequences of their bid behaviour and its effect on the 
system congestions are discussed. Results from simulated 
experiments are presented on a 15-bus test system as well 
as on a realistic high voltage network.  
       The paper is organised as follows. Section 2, reviews 
the NGD-Factors. In Section 3 the analysis of nodal prices 
is described. The algorithm for the congestion component 
allocation is given in Section 4. In Section 5 numerical 
examples are presented. The investigation of bids gaming 
is described in Section 6. Finally, some conclusions are 
given in Section 7. 
 
 

2. NODAL GENERATION DISTRIBUTION 
FACTORS 

 
       Various types of factors have been developed in order 
to estimate the influence of the generators on the line 
power flow. In this paper the nodal generation distribution 
factors are used. They have the advantage of fast and 
simple calculation using the results of a complete AC 
power flow. The NGDF are based on the proportional 
sharing principle (Fig. 1).  
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Fig.1. Proportional sharing principle 



According to the proportional sharing principle the share 
of a particular line ki , which supplies a bus i , in the 
power flow on a particular line im , which is supplied from 
the bus i , is equal to the share of line ki  in the sum of 
inflows into the bus i :   
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where imP , kiP  and jiP  are the real power flows on the 
lines im , ki  and ji  respectively. kiimP ,  is the contribution 
of the line ki  to the power flow over the line im . If in (1) 
the line inflows into the bus are replaced by the 
contribution of generators to power inflow into the bus i  
then the right side of (1) represents the nodal generation 
distribution factor kiL ,  of a particular generator k . 
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where kiP ,  is the contribution of generator k  to the power 
flow into the bus i  and Γ is the set of generators [4]. The 
factor kiL ,  allows the calculation of the share kimP ,  of 
generator k  in the power flow on an arbitrary line im , 
which is supplied from the bus i . 
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 The NGDF can be calculated for the real and reactive 
power flow assuming AC power flow calculation. 
 
 

3. NODAL PRICE ANALYSIS 
 
3.1. Bid curve 
       In the deregulated electricity Pool Market the pool 
operator computes, through an optimal power flow 
program, the nodal prices for each bus of the system. This 
is the price of power, which the suppliers are paid, and the 
price, which the consumers are billed. In order to calculate 
these prices the pool operator receives bids curves from the 
market participants (Fig. 2).  
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Fig. 2. Bid curves 
 

The supply bid curve shows the minimum price at which a 
producer is willing to produce a certain quantity of power. 
The demand bid curve shows the maximum acceptable 

price at which the consumer can buy a certain quantity of 
power. 
 
3.2 Optimal power flow 
       The objective function to be minimized in the Pool 
Market operation is the social welfare K  which consist of 
the generation cost and the cost for the uncover loads. A 
part of a particular load is not served if the load bid for this 
part is lower than the nodal price at load bus or if system 
congestions do not allow to cover this part of demand. The 
optimisation problem has the formulation: 
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where GP is the vector for real power generation as well as 
for the uncover load portion which is formulated as 
fictitious generator [5]. GQ  is the vector for reactive 
power generation, V  is the vector of bus voltage 
magnitudes and θ  is the vector of bus voltage angles. The 
equalities 0f =  denotes the bus power balance 
restrictions, 0g ≤  the restriction concerning the bus 
voltages and the line power flows and 0h ≤  describes the 
constraints regarding the generation limits. The Lagrange 
function for this optimisation problem is: 
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where λ  is the vector of Lagrange multipliers concerning 
the power balance constraints, µ and σ  are the vectors of 
multipliers concerning the bus voltages, line power flows 
and generation constraints respectively. In the solution 
point the vector λ  comprises the system nodal prices. 
 
3.3. Generation-losses and congestion component 
      Since the results of OPF are obtained a further analysis 
of the nodal prices is possible. By selection of a reference 
bus r  in the power system the OPF of (4) is: 
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where rrGrGr VQP ϑ,,,  are the real and reactive power 
generation, the bus voltage magnitude and the bus voltage 
angle at bus r  respectively. The set 0f =r  represents the 
power balance equations at bus r , which are not further, 
included in set 0f = . Similarly, the vectors θV,,Q,P GG  
include the variables of bus r  no more. With the vector 

),,( ,, rrGrGrG,G, VQP θθV,QPx =  the Lagrange function of 
(6) is as follows: 

Supply bid curve 

Demand bid curve 
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where rλ  are the Lagrange multipliers corresponding to 
the equality restrictions of reference bus. These multipliers 
are not further included in vector λ . According to the 
Kuhn-Tucker theorem at the solution point is: 
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From (8), with satisfaction of specific conditions [6], one 
can take the gradients with respect to V and θ . 
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At the optimal solution point, from (9) follows for the 
vector λ : 
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It is essential to underline that the nodal prices rλ  for real 
and reactive power for the reference bus must not be 
influenced by any congestion so they have no congestion 
component. In this case the first part of the right side of 
(11) shows the vector GLλ  of nodal price component due 
to generation and losses and the second part represents the 
vector Cλ  of nodal price congestion component.  

 
3.4. Congestion Component Analysis  
       The vector Cλ  contains the nodal price congestion 
component for real and reactive power for each bus of the 
system except the reference bus. If 1−= nm , where n  is 
the number of buses,  then: 
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where CPiλ , CQiλ  are the nodal price congestion 
components at bus i  for real and reactive power. If the 
contribution of each congestion to the nodal price 
congestion component is required, it is useful to replace 
the vector µ  in (10) with the matrix M . 
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where l  is the number of lines and the multipliers minViµ , 

maxViµ , Ljµ  are with respect to the lower and upper 
voltage limit at bus i  and to the power flow limit on line j  
respectively. Replacing the vector µ   with  the  matrix  M  

 the second part of right side of (10) gives the matrix Λ : 
 
 









=

QLQVQV

PLPVPV

ΛΛΛ
ΛΛΛ

Λ
maxmin

maxmin              (13) 

 
where the matrices PLPVPV ΛΛΛ ,, maxmin  contain the 
contribution of upper voltage, lower voltage and line 
power flow limits respectively, to real power nodal price 
congestion component. Similarly, the matrices 

QLQVQV ΛΛΛ ,, maxmin  are for the reactive power nodal 
price congestion component. 
       Let the constraints at columns a , b and c  of Λ  be the 
upper and lower voltage limit at bus s  and the power flow 
limit on line jm , respectively. Then it is: 
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where sVCPi,λ  and jmLCPi,λ  are the part of congestion 
component of real power nodal price at bus i  due to the 
voltage constraints at bus s  and the power flow constraint 
on line jm  respectively. The cibiai ,,, ,, λλλ  are the 
corresponding elements of matrix Λ . 

 
 

4. CONGESTION COMPONENT ALLOCATION 
 
      The congestion management, in order to be efficient, 
must include a transparent pricing and send the right 
economical signals to the market participants [7]. For the 
purpose of transparency in the case of Pool Market the 
congestion components of nodal prices should be assigned 
to the congestion causers.  
       The voltage and power flow constraints are caused in 
order to match the schedule of suppliers and consumers. 
Thus the nodal price congestion component is to be 
allocated to the market participants. In this paper the share 
of producers in the congestion component is estimated. 
The results from all cases, which have been investigated 
show that the part of congestion component corresponding 
to voltage constraints is not significant in comparison to 
the part caused by line power flow constraints. The 
influence of voltage constraints on nodal price is extremely 
small. The ratio between two parts varies from 100 to 1000 
and can be even higher. Consequently for a bus i  is: 
 

CPiLCPi λλ ≅                                     (15) 
 
       Thus the essential task is the allocation of congestion 
component caused by power flow constraints to particular 
generators. The NGD-Factors represent the share of each 
generator in the power flow on a selected line. Assuming 
all suppliers are treated equally, the NGDF can be used for 
calculation of generators’ participation in the congestion 
nodal price component. Consequently, the total 
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contribution of a generator k  to the nodal price congestion 
component of bus i  is: 
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where kLCPi,λ  denotes the part of congestion component 
due to line congestions at bus i  which is allocated to 
generator k  and t  denotes the set of system congested 
lines. For the set Γ  of system generators it is: 
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Equation (17) shows that this method leads to an ex post 
reallocation of the congestion components to generators. 
 
 

5. NUMERICAL EXAMPLES 
 
       Results for the nodal price analysis and the congestion 
component allocation are illustrated in the case of the 15-
bus test system of Fig. 3. The system consists of 4 
generators and 4 loads. The power system data are 
presented in Appendix.  
      In the basic case all four generators are dispatched in 
order to match the load demand. Two voltage constraints 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 

Fig. 3. 15-bus test system 
 
and three line flow constraints are active. The voltage at 
buses 2 and 6 has reached the upper limit and the power 
flow on lines 21, 23 and 10 has reached the transfer 
capacity. The voltage constraint influence on nodal price is 
almost zero. Therefore it is important to be estimated the 
impact of each active line flow constraint on the nodal 
prices. Fig. 4. shows the share of each line flow congestion 
in nodal price congestion component. The first column 
under the Lagrange multiplier Lµ  in Table 1 represents the 
congestion ‘strength’. The variation of this factor explains 
the different influence of each congestion on nodal price. 
Moreover, it is obvious that each congestion does not have 
the same influence at all the buses. The generator share in 
congested lines is calculated with the NGDF. In Table 1 
under the generator name in the first column are shown the 

 NGDF for this basic case.  
       From (16)  the  generator  impact  on nodal price for  
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 Fig. 4. Nodal price congestion component allocation to 
congested lines 
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Fig. 5. Nodal price congestion component allocation to generators 
 

Fig. 6. Generators’ contribution to nodal price congestion 
component (left) and to real power production (right) 



 
 

 

Table 1  NGDF in 15-bus system before and after the bid curve shift of generator 1 
 

 
Lµ  NGDF G1 NGDF G5 NGDF G6 NGDF G13 

Line Before After Before After Before After Before After Before After 
21 2.54 0.00 0.02 0.30 0.81 0.60 0.17 0.10 0.00 0.00 
23 0.43 0.00 0.78 0.85 0.18 0.10 0.04 0.05 0.00 0.00 
10 0.04 0.00 0.01 0.33 0.61 0.48 0.13 0.08 0.26 0.11 
12 0.00 4.69 0.99 1.00 0.00 0.00 0.01 0.00 0.00 0.00 
11 0.00 0.17 0.02 0.38 0.81 0.53 0.17 0.09 0.00 0.00 
15 0.00 0.00 0.87 0.81 0.10 0.08 0.03 0.04 0.00 0.00 

 

Table 2 NGDF in VEAG network before and after the bid curve shift of generator in Krajinik . 
 

 
Lµ  NGDF 

 Krajinik  
NGDF  

Boxberg 
NGDF 

Jaenschwalde 
NGDF 

 Schwarze Pumpe 
Line Before After Before After Before After Before After Before After 

1,Vierraden- 
Neuenhagen 

0.48 0.51 0.44 0.56 0 0 0 0 0 0 

2, Thyrow- 
Ragow 

9.62 9.86 0 0 0.27 0.27 0.22 0.23 0.38 0.38 

 
 
each bus is estimated. The results are presented in Fig. 5. It 
is obvious that the generators have different impact on 
nodal prices and in different degree at each bus. Fig. 6 
shows that the generator contribution to production is not 
proportional to generator contribution to congestion 
component summarized over all busses. Generator 5 has 
essential higher contribution to congestion component in 
comparison to the other generators although he produces 
only the 27% of power. The reason is its share in power 
flow on strongly congested line 21. Consequently, a conge- 
stion pricing method cannot be based on the generator 
participation to power production. 
       The most decisive factor is the generator share in 
strongly congested lines. The pool operator can use this 
method in order to achieve a fair congestion pricing. 
 
 

6. BID GAMING INVESTIGATION 

 
The market participators aim to improve their place in the 
pool market. In order to manage it they apply a proper bid 
strategy. It is interesting for the pool operator to know how 
the bid changes influence the system situation. In the case 
of the 15-bus system the producer at bus 1 reduces its bid 
prices in order to obtain larger market share. The new 
system situation is described in Table 1 in the right 
columns. Two new congestions on lines 12 and 11 appear 
while the lines 21, 23 and 10 are not longer congested. The 
NGDF for generator 1 show that its share in power flow on 
lines 12 and 11 has been increased after its bid change. 
Similarly, generator 1 has higher NGDF on lines 21, 23 
and 10 which were congested at the basic case. That means 
that the share of generator 1 in power flow has been 
increased on all lines where the congestion situation has 
changed after its bid change. The share increase has not 
been observed on all lines. The generator share can also be 
reduced as on line 15. There is no congestion before and 
after the bid change. 

       These remarks have been observed at all cases in 
different power systems, which have been investigated. 
One of these systems is the VEAG network in eastern 
Germany (Fig. 7). In this network 50 generators and 25 
loads have been selected for the purposes of investigation. 
The congestions are included only for demonstration 
purposes. They do not match real network conditions. 
 

 
 

Fig. 7. VEAG network           artificially congested lines 
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       In the basic case the line from Vierraden to 
Neuenhagen is congested and the line from Thyrow to 
Ragow as well. The NGDF for this case four selected 
generators are presented in Table 2. The producer in 
Krajinik shifts down its bid curve to increase its power 
output. Both two existing congestions are become stronger 
as the Lagrange multiplier Lµ  shows, while no new 
congestions appear. The share of generator in Krajinik in 
power flow on line 1 is increased but its share on line 2 is 
not as the NGDF for this line remains at zero as it was 
before the bid shift. According to our experience, only in a 
such a case, when the NGD-Factor before and after the bid 
shift remains at zero, the supplier who has reduced its bid 
has not increased share in power flow on a congested line. 
For the certain case of VEAG network this can be 
explained with the existence of Berlin between the 
generator in Krajinik and line 2. In Berlin there is a large 
demand, which prevents the generator to have influence on 
line 2 as the generators southern from this line do. 
       The general conclusion is that the generator, which 
reduces its bid, has increased share in power flow on lines 
where new congestions appear as well as on existing 
congestions lines. The share of a such generator can also 
remain at zero. This conclusion is useful for the pool 
operator in order to have a transparent view to the 
congested lines situation and furthermore to apply a proper 
congestion pricing according to the congestion origins.  
 
 

7. CONCLUSIONS 
 

       In this paper a new method for the allocation of the 
nodal price congestion component to power producers has 
been developed. The method allows the connection of the 
congestion component with its origins. The pool operator 
can use it in order to have a detailed view about the 
economic aspect of congestions. 
       Furthermore, the consequences of suppliers’ bid price 
reduction on power flow and congestions situation have 
been investigated. The supplier share in new congested 
lines as well in existing congestions has been increased in 
all the investigated cases. It is also possible that the 
supplier share remains unchanged. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 
 

Table 3 Generator bids (basis case) 
 

 Bid, quantity(MW )\price(ct\kWh) 
Gen. 300 400 500 600 800 1050 1350

1   2.24  2.7 3.5 - 
5  2.9  3.1   3.6 
6    3.0 3.2 6.0 - 

13 3.8   4.1 - - - 
 

Table 4 Transmission lines data(Sb=100MVA, Vb=380kV) 
 

Line r(p.u.) x(p.u.) b(p.u.) 
1 up to 11 0.00156 0.0135 0.47631 

12 up to 19 0.00166 0.0144 0.50807 
20 up to 25 0.00145 0.0126 0.44456 

26 0.00177 0.0153 0.53982 
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