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An Approach For Evaluation Of Wheeling 
Charges In A Deregulation Power Network 
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Abstract: Deregulation of power sector introduces competition into the electricity market and gives separate ownership identities into the management 
of its subsystems-generation, transmission, and distribution. Thus, this requires the determination of a viable wheeling charge method that is 
economical, transparent and acceptable to both the operators and the consumers in ensuring a secure and a reliable system. However, the type of 
transmission charge to adopt posed a serious challenge to the power system operators because the cost of transferring power between any two points 
on the transmission system is not fixed, since it depends on the generation and the load pattern on the system. This paper introduced a hybrid 
combination of the MVA-kilometer and the Short–Run Marginal Cost (SRMC) methods that used power flow and optimal power flow (OPF) analysis to 
determine the individual participant’s impact on the transmission power flows for wheeling cost allocation. The proposed method has been investigated 
on the Nigerian 330kV, 24-bus network. The results showed that the proposed method was economical, transparent and able to recover both fixed cost 
and the operating cost effectively. 
 
Index Terms: Contract Path, Deregulation, Energy Wheeling, MVA-kilometer, Postage stamp, Short-run marginal cost, Wheeling Charge,  
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1 INTRODUCTION 
RECENT trends in the electric power utility industry have been 
toward the increased unbundling of the services provided by 
the utilities. The cost of energy wheeling has attracted much 
attention and becomes a popular topic in the power system 
[1]. Energy wheeling can also be described as a phenomenon 
that takes place with multiple neighboring utilities when one’s 
system's transmission network is simply being used to transmit 
power from one neighbor to another [2]. Electric power utilities 
must determine the actual costs of providing different services 
in order to make correct economic decisions on services 
promotion and curtailment while at the same time fulfilling their 
service obligations [3]. Electric power utilities also need to 
know such costs in order to make correct economic and 
engineering decisions on upgrading and expanding their 
facilities [4]. The cost of energy wheeling is a difficult subject 
because the cost of transferring power between any points on 
the transmission system is not fixed, but dependent upon the 
overall pattern of the load and generation on the system [5]. 
The incorporation of transmission into a competitive 
framework has proven more complicated and is the subject of 
an ongoing debate among utilities, suppliers and consumers, 
[6]. For obvious reasons, it is neither feasible nor economical 
to the transmission system for each generation load–pair. 
Therefore, it is necessary to develop methods that allow the 
shared use of the transmission services, by different users [7]. 
Besides ensuring the technical quality of the transmission 
services, these methods should provide enough revenue to 
compensate for the existing transmission investment and 
incentives for economic expansion [8]. The postage stamp 
method as is well known, does not reflect the real use of the 
network [12]. To solve this weak point, the trajectory path 
contract method was developed[13].  
 
 
 
 
 
 
 
 
 
 
 

The method is based only on monetary aspects, while the real 
power flows caused by wheeling transactions are not taken 
into consideration [14]. The MW-mile method and all its 
modified approaches also solve this drawback [15]. If the 
operating point problem appears, this problem can be solved 
using the dominant flow method (DFM) because by involving 
the transmission capacity of each element into its formulation, 
the operating point is implicitly included. The DFM also helps 
to solve this problem by considering the counter flows. 
However, the drawbacks of this methodology is that it does not 
calculate the associated costs for counter-flows adequately 
when the net flow approximates to zero. The pricing of 
transmission services should be targeted at  recovering capital 
and operating cost. It should encourage efficiency of use and 
investment. Also, it must provide equal opportunity to all users 
[16]. This paper is organized as follows. In section 2, the 
characteristics of a good transmission pricing method and the 
methods of energy wheeling charge calculation are presented. 
Section 3 discussed the proposed method, the test system 
description and simulation results are presented. In section 4, 
a discussion of the results is presented. Section 5 disscuses 
the conclusion of the paper.   
 

2 CHARACTERISTICS OF A GOOD TRANSMISSION PRICE 
Economic Efficiency: A good pricing system has to give correct 
incentives to the market participants. It must encourage the 
efficient use of the existing network and efficient location of 
new generation units and customers [13]. Cost reflectiveness: 
For economic efficiency price should reflect the marginal cost 
Transparency and Simplicity: Transmission pricing should be 
transparent and simple [17]. Equity and non-Discrimination: 
Identical clients buying services at the same place and at the 
same time should pay the same price [17]. Stability over time: 
customers will support prices that are reasonably stable or at 
least predictable from year to year. 
 
2.1 Cost Component of the Transmission System 
The following cost components are involved in a transmission 
system. Operating cost: This includes the variable cost mainly 
due to generator rescheduling, maintaining reactive power 
support system voltages, and line flow limits[13]. Opportunity 
cost: It is a cost which the transmission company has to forego 
to meet the transactions. Reinforcement cost: This cost 
includes the capital cost of the new facilities required to meet 
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the transaction. It is charged to only firm transactions. Existing 
Cost: This consist of the capital cost of the existing facilities. It 
must be allocated to various transactions on some rational 
basis[17].    
 
2.2 Method of Energy Wheeling Charge calculation                            
The methodology by which the cost of wheeling is estimated is 
very important due to the growth in transmission facilities. 
Many different methodologies have been proposed for 
wheeling charge. They are as follows: 
 
2.3 Postage Stamp Method  
Postage stamp method allocates total system costs to the 
consumer on the basis of load share. That means, a customer 
pays a transmission charge equal to the total system cost-
weighted according to their consumption divided by total 
consumption[18]. The cost of the transaction is calculated 
according to equation (1). 
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Where AFCR is the annual fixed charge rate, EG is the annual 
existing system cost in naira. PMAX is the maximum active load 
(MW), PW is the maximum wheeled power (MW), 8760 is the 
number of hours in one year, AFCR reflects other costs such 
as operations and maintenance, tax, rate of return, 
administrative and general expenses, insurance, etc.  
 
2.4 Contract Path Method 
This method requires the identification of the supply charges 
based on losses and other operating costs [13].. This method 
requires the identification of the supply and receipt point for a 
bilateral transaction and a ―contract path‖ between two nodes 
[19]. The wheeling cost is computed by equation (2) 
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Where Cpath is the cost of transmission lines along the contract 
path, PW  is the power wheeled across the transmission 
system in MW. Ppath is the MW capability of facilities along the 
specified path.  
 
2.5 MW-Kilometer Method 
In this method the cost of transmission depends on the 
distance the power is transmitted and how much power is 
wheeled. Megawatt kilometer pricing employed load flow 
analysis to determine the power flows on the transmission 
network to allocate wheeling charge. The Megawatt-kilometer 
pricing method is based on the economic principle that the 
buyer pays only for the transmission capacity they use [20]. 
The wheeling cost is thus obtained as; 
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3. PROPOSED METHOD 

A hybrid pricing method is considered in this work to achieve 
the objectives of transmission pricing. This is achieved by 
combining the MVA-kilometer method and the short-run 
marginal cost method. This combination will allow the 
transmission provider to recover both fixed and investment 
costs of the network, and for fair allocation of wheeling charge 
to all parties. In the MVA-km method, the use of transmission 
resources is measured by monitoring both real and reactive 

power given the line MVA loading limits and the allocation of 
reactive power support from generators and transmission 
facilities[21]. The wheeling cost is thus obtained as; 
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Where EG the annual existing system cost in naira and 8760 
is is the number of hours in one year. The SRMC takes into 
consideration the operating cost of the power system. This 
operating cost includes fuel cost, cost of transmission line 
losses as well as system constraints [22]. An optimal power 
flow (OPF) solution of the problem is carried out to incorporate 
all the necessary parameter in any transaction. An OPF 
solution gives the active and reactive power generated and 
consumed at each bus as well as the nodal prices. The nodal 
price reflect the marginal generation and load at each bus [23]. 
The OPF was used to compute the SRMC as shown in 
equation (5). 

   P ntransactioi,*BMCiSRMC
                    (5) 

BMCi
 is the bus marginal cost of bus i, the BMC reflects the 

cost of supplying an additional MW at that bus considering the 
operating cost and transmission line losses. Pi, transaction is the 
net power injection at bus i due to the transaction. Powerworld 
simulator was used to solve power flow equations using a 
Newton–Raphson power flow algorithm. Simulator OPF solve 
these power flow equations using an OPF analysis to know 
the amount of power flow in MW with and without wheeling 
transaction in the test systems. The conventional wheeling 
cost allocation methods and the proposed method was 
investigated on the 24-bus Nigeria power network.  
 
3.1 Test System Descriptions 
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The 24-bus model of the Nigerian network is a relatively large 
system with 24 buses including 7 generators, 23 loads, and 39 
lines as shown in Fig.1. Also, Table 1 and Table 2 provide 
more information on the Nigerian network data.  
 
3.2 Case Study 
The following wheeling transactions were present in the 24-
bus network shown in Fig. 1. 
 
Transaction T1: 250 MW of power was injected at Kainji and 
removed from the network at Benin. 
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Fig. 1. The Nigeria 330kV, 24-bus power grid [24]. 
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Transaction T2: 400 MW of power was injected at Delta and 
removed from the network at Osogbo.  
 
Transaction T3: 70 MW of power was injected at Kainji and 
removed from the network at Ikeja. 
 
Transaction T4:100 MW of power was injected at Afam and 
removed from the network New Haven 
 
3.3 Wheeling Cost Methods 
 
Postage stamp method 
The cost is calculated using equation (1) for the given 
transactions. AFCR was also fixed at unity, EG was assumed 
to be 750 million naira for the 24-bus system. The wheeling 
cost under this method is the same in as much as the same 
amount of power is wheeled and increases linearly with the 
magnitude of power wheeled. The cost of the wheeling 
transaction in N/year reflected that the entire transmission 
system was used in carrying out the wheeling transaction. 
 

Table 1. Line data for the 24-bus system 
 

From 
Bus 

To Bus R(p.u) X(p.u) B(p.u) 
Rating 
(MVA) 

Osogbo Ikeja 0.0099 0.0745 0.4949 460 
Osogbo Benin 0.0098 0.0742 0.4930 460 
Egbin Aja 0.0006 0.0044 0.0295 460 
Ikeja Akangba 0.0007 0.0050 0.0333 460 
Osogbo  Ayede 0.0045 0.0340 0.2257 460 
Ikeja  Egbin 0.0023 0.0176 0.1176 460 
Ikeja Benin 0.0110 0.0828 0.5500 460 
Ikeja Ayede 0.0054 0.0405 0.2669 460 
Benin Delta 0.0043 0.0317 0.2101 460 
Benin Sapele 0.0020 0.0148 0.0982 460 
Kainji Jebba 0.0032 0.0239 0.1589 460 
Shiroro Kaduna 0.0038 0.0284 0.1886 460 
Afam(iv) Alaoji 0.0010 0.0074 0.0491 460 
Ajaokuta Benin 0.0077 0.0576 0.3830 460 
Jebba Osogbo 0.0061 0.0461 0.3064 460 
Kaduna Kano 0.0090 0.0680 0.4516 460 
Kaduna Jos 0.0081 0.0609 0.4046 460 
Jos Gombe 0.0118 0.0887 0.5892 460 
Sapele Aladja 0.0025 0.0186 0.1237 460 
Benin  Onitsha 0.0054 0.0405 0.2691 460 
Onitsha Newhaven 0.0036 0.0272 0.1807 460 
Delta(iv) Aladja 0.0012 0.0089 0.0589 460 
Onitsha Alaoji 0.0060 0.0455 0.3025 460 
Jebba G  Jebba 0.0002 0.00020 0.0098 460 
JebbaTS Shiroro 0.0096 0.0721 0.4793 460 
Kainji Birnin 0.0122 0,0916 0.6089 460 

 
Table 2. Demand data for the 24-bus system 

 
Bus 
Name 

Pg 
(MW) 

Qg 
(MW) 

Qgmax 
(MVAR) 

Qgmin 
(MVAR) 

Sapele 690 400 952 0 
Delta 770 1407 3350 0 
Afam 431 2155 9050 0 
Jebba 
GS 

495 1040 2475 0 

Kainji 625 1312 3124 0 
Shiroro 389 817 1945 0 
Egbin 0 0 0 0 

 
Contract path method 
In the 24-bus system, the cost of a transmission facility along 
a line was put at N100000 per kilometer. It was assumed that 
the energy wheeled flowed through KAINJI - JEBBA T/S – 

OSOGBO – BENIN for transaction T1 and through DELTA – 
BENIN - OSOGBO for transaction T2. Also the power flows 
through KAINJI – JEBBA T/S – OSOGBO – IKEJA for 
transaction T3 and through AFAM – ALAOJI – ONITSHA – 
NEW HAVEN for transaction T4.  
 
Megawatt- kilometer method. 
In this case, the power-flow analysis of the system was 
executed without the transaction, this is referred to as the 
base-case and again the power-flow was solved with the 
transactions. The wheeling cost for all the transactions in the  
case study is shown in Fig 2. 
 

Table 3. Power flow results for transaction T1 and T2 using 
MVA-km method 

 

               T1                      T2 

From 
Bus 

To Bus MVA-km 
∆MVA-
km 

MVA-km 
∆MVA-
km 

Osogbo Ikeja 20128.00 0 3737.60 4226.8 

Osogbo Benin 75350.20 4919.60 75425.5 4994.8 

Egbin Aja 1401.40 0 1401.4 0 

Ikeja Akangba 1850.40 10.80 1990.8 151.2 

Osogbo  Ayede 18727.90 0 13700 0 

Ikeja  Egbin 18612.40 2814.80 16771 973.4 

Ikeja Benin 16128.00 0 16828 700 

Ikeja Ayede 45278.50 739.80 45278.5 17878 

Benin Delta 13440.00 -26880.0 9600 0 

Benin Sapele 10055.00 28850.0 7500 330 

Kainji Jebba 8626.50 1401.30 8140.5 915.3 

Shiroro Kaduna 3889.92 0 7680 883.2 

Afam(iv) Alaoji 1002.00 2.00 1051.5 51.5 

Ajaokuta Benin 20143.51 39.00 20143.5 39.0 

Jebba Osogbo 35325.00 11775.00 36125.7 12575 

Kaduna Kano 13492.00 69.00 19642 1219 

Kaduna Jos 11861.37 0 11861.37 0 

Jos Gombe 10647.70 3943.20 7420 0 

Sapele Aladja 8851.50 648.50 9166.5 963.5 

Benin  Onitsha 6932.20 753.50 6932.2  753.5 

Onitsha N haven 3916.30 48.00 4032 163.2 

Delta(iv) Aladja 2602.60 0 2602.6 0 

Onitsha Alaoji 4800.96 960.00 4800.96 960 

JebbaGS  Jebba 497.68 0 497.68 0 

JebbaTS Shiroro 6161.00 0 7905.6 1744.6 

Kainji Birnin 5586.20 920.70 5586.2 920.7 

 
MVA-kilometer method 
In this case, the power-flow analysis of the system was 
executed with and without the transaction, taking into 
consideration the impact of both active and reactive power 
flow in the network. The results obtained are shown in Table 2 
and Table 3. 
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Table 4. Power flow results for transaction T3 and T4 using   
MVA-km method 

 
                     T3               T4 

From 
Bus 

To Bus MVA-km 
∆MVA-
km 

MVA-
km 

∆MVA-
km 

Osogbo Ikeja 30.192 2545.6 23739.2 0 
Osogbo Benin 84180 4869.4 67870.4 0 
Egbin Aja 1401.4 0 1401.4 0 
Ikeja Akangba 1839.6 0 1839.6 0 
Osogbo  Ayede 34184.24 2016.64 31578.5 0 
Ikeja  Egbin 15884.4 86.8 15896.8 99.2 
Ikeja Benin 16520 392 22400 6272 
Ikeja Ayede 24660 0 27400 0 
Benin Delta 20208 633.6 19574.4 0 
Benin Sapele 7170 0 7325 155 
Kainji Jebba 7225 1036.8 7225.2 0 
Shiroro Kaduna 6748.8 0 6748.8 0 
Afam(iv) Alaoji 1000 0 2100 1100 
Ajaokuta Benin 20085 0 20085 0 
Jebba Osogbo 26564.4 3014.4 23550 0 
Kaduna Kano 18423 0 18423 0 
Kaduna Jos 11839.7 0 11839.7 0 
Jos Gombe 10626.5 0 1062.5 0 
Sapele Aladja 8202.6 0 8202.6 0 
Benin  Onitsha 6178.7 0 6603.4 0 
Onitsha N.haven 3868.8 0 7891.2 4022.4 
Delta(iv) Aladja 2602.6 0 2602.6 0 
Onitsha Alaoji 3868.8 0 86.40 4799.04 
JebbaGS  Jebba 497.68 0 497.68 0 
JebbaTS Shiroro 6161 0 6161 0 
Kainji Birnin 4665.5 0 4665.5 0 

 
Short Run Marginal Cost 
The OPF was performed with and without wheeling 
transaction. The first simulation was solved without any 
transaction, the bus marginal cost and generation dispatched 
for each generator bus were recorded. In the second 
simulation, the available transaction was included and the 
OPF was solved again. The results obtained are shown in 
Table 4 and Table5. 
 

Table 4. Wheeling cost for T1 and T2 using SRMC method 
 

           T1         T2 

Bus 
Name 

Generation 
Before 
trans. (MW) 

Pi, 
trans 
(MW) 

BMC* 
Pi,trans. 
N/hr. 

Pi, 
trans 
(MW) 

BMC* 
Pi, trans. 
N/hr. 

Afam 500.84 0.14 0.08 0.76 0.48 
Delta 687.05 52.01 33.81 -0.97 -0.69 
Egbin 390.52 200.18 68.06 398.08 169.8 
Jebba 500.60 0.02 0.01 -0.2 -0.14 
Kainji 680.20 -0.01 -0.01 -0.1 -0.04 
Sapele 880.45 0 0 -0.21 -0.14 
Shiror 375.10 -0.01 -0.01 0.9 0.315 
  srmc 102.0  170.06 

 
Table 5. Wheeling cost for T3 and T4 using SRMC method 

 
                 T3                  T4 

Bus 
Name 

Generation 
Before 
trans. (MW) 

Pi, 
trans 
(MW) 

BMC* 
Pi,trans 
N/hr. 

Pi, trans 
(MW) 

BMC* 
Pi,trans 
N/hr 

Afam 500.84 0.14 0.087 0.74 0.46 
Delta 687.05 20.01 13.01 32.01 208.07 
Egbin 390.52 50.27 17.09 70.05 392.28 
Jebba 500.60 0.02 0.0136 0.02 0.126 
Kainji 680.20 -0.01 -0.007 -0.01 -0.007 
Sapele 880.45 0 0 0 0 
Shiroro 375.10 -0.01 -0.003 -0.01 -0.003 
  srmc 30.1906  605 

4 DISCUSSIONS OF THE RESULTS 
The existing wheeling cost methods and the proposed method 
were investigated on the 24-bus Nigeria power network. The 
wheeling transactions were simulated, and the wheeling cost 
of each transaction calculated as shown in Figure 2. In the 24-
bus system, the proposed method gave the highest wheeling 
charge of N29845320/yr for transaction T1 (250MW), 
N38111256/yr for transaction T2 (400 MW), N80080128/yr for 
transaction T3 (70MW) and N12483000/yr for transaction T4 
(100MW). The result shows that the wheeling cost for 
transactions T1, T2, T3, and T4 reflected the magnitude of the 
wheeled power (active and reactive) the distance between the 
point of injection and delivery of the power. It is observed that 
when the wheeled power increases by 150MW, the 
transmission wheeling cost reduces by 20%. As the size of the 
network increases there will be a further reduction in the 
wheeling charge. The postage stamp method gave the highest 
wheeling cost for transaction T1, T2 while the SRMC method 
was the least for transaction T1, T2, T3, and T4. The results 
have shown that the wheeling cost does not only depend on 
the magnitude of power wheeled but also on the distance 
between the source and the sink, power flow in megawatts 
and the cost of the transmission facilities. The Contract path 
method gave much lower wheeling charges for transactions 
T1, T2, T3, and T4. This is because the contract path assumes 
that the transacted power would be confined to flow through 
lines Kainji – JEBBA T/S – OSOGBO – BENIN for transaction 
T1 and through DELTA – BENIN – OSOGBO for transaction 
T2. Also the power flows through KAINJI – JEBBA T/S – 
OSOGBO – IKEJA for transaction T3 and through AFAM – 
ALAOJI – ONITSHA – NEW HAVEN for transaction T4. The 
majority of the transacted power may actually flow on 
transmission lines outside the contract path. In the MW-
kilometer, the wheeling charge obtained is higher than what is 
obtained in the contract path approach for transactions T1, T2, 
T3, and T4. But in this method only the real power in the 
network was considered in the computation of the wheeling 
charge. In MW-km method, the wheeling charge accounts for 
embedded costs only, and therefore, may not be a reliable 
wheeling cost allocation method. The MVA-kilometer method 
gave the highest wheeling charged for transaction T3 and T4 
when compared with what is obtained in contract path, SRMC, 
and MW-kilometer methods. The SRMC was the least in 
transactions T1, T2, T3, and transaction T4. The results for the 
four transactions showed that the wheeling cost in this 
approach only covers the operating cost of the wheeling 
transactions 

 
 

 
 
 

 
 

 
 
 
 
 
 
 
 

 

Fig. 2. Analysis of wheeling charge cost for 24-bus Nigeria 
network. 
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5 CONCLUSION 
The rapid increase in the number of wheeling transactions 
after deregulation has led to an urgent need to find an 
economically sound and technically feasible wheeling cost 
methodology. In this study, two of the wheeling cost 
methodologies, MVA-kilometer, and short-run marginal cost 
were combined to form a hybrid method of charging for 
wheeling transactions. None of the existing wheeling cost 
allocation method discussed in this study can recover the total 
transmission cost, because in all the methods both the 
embedded cost and operating cost are lumped together. But in 
the proposed method they are treated separately.  The choice 
of MVA-kilometer in the combination is mainly because it is the 
only method that considers the flow of active and reactive 
power in the transmission system network. While the SRMC 
takes into account the operating cost of the power system 
which includes fuel cost, cost of transmission line losses as 
well as system constraints. The results from the investigation 
carried out on the test systems showed that in the proposed 
method there was a fair and transparent allocation of wheeling 
charges in the test system. It has been shown that the 
proposed method is more reflective of the actual usage of the 
transmission network than any of the other existing methods 
investigated. This method in the long run leads to a reduction 
in the overall price of electricity which will encourage 
investment and competition in the system. It is believed that 
the right wheeling cost methodology will help to improve the 
transmission facilities and infrastructure as more funding will 
be made available. This framework will form a reliable basis by 
which electricity pricing will take place in the on-going power 
system deregulation around the world. In as much as a 
reliable and secure power system does not depend only on 
the physical infrastructure, but also on correct economic policy 
in a deregulated environment, it is recommended that the 
wheeling cost methodology proposed in this work should be 
utilized by the power industries who are currently undergoing 
restructuring and deregulation. The simulation results have 
established that the proposed method is transparent, fair, 
recovers costs, promising for large-scale environments, and 
encourages investment in the transmission system. 
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