
 

6 
 

Chapter 2  

2 COST COMPONENTS ASSOCIATED WITH DISTRIBUTION 

SYSTEMS AND STRATEGIES OF RECOVERY 

Distribution business deals with transportation of energy from transmission 

companies to the end user. Similar to many countries of the world, in Sri Lanka a DL 

is also licensed to undertake [7] 

 Distribution Business  

 Retail supply 

In a fully unbundled electricity industry these two businesses are distinguished as the 

distribution business which is the wire business or the network service and the retail 

supply which is as the commercialization of the electricity product.  In fully 

deregulated countries such as United Kingdom, there are different companies 

licensed for these two businesses.  

The distribution costs comprise two types of costs namely capacity cost and the 

operational cost. Capacity cost incurred from the related infrastructure. This includes 

the ongoing expenditures in new assets, as well as the cost of capital for all the 

installed distribution assets owned by the distribution company, which need to bring 

in an expected rate of return.  

The operational costs are the costs that are incurred in running the distribution 

business. This includes  

 Operation and maintenance cost of distribution asset eg. transformers, 

overhead lines underground cables etc  

 Cost of technical and non technical losses 

 Technical and administrative employee wages, administration costs.  

One important component of the operational cost is the losses. Technical losses are 

active and reactive losses of energy and power in lines, cables and transformers, 
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which mainly depend on the current flow, the voltage level and impedances in lines. 

The non technical losses are the losses which are recorded due to errors in 

measurement and billing, electricity theft etc. 

2.1 Fixed and Variable Costs 

For the purpose of future discussions on recoveries of the costs, the distribution costs 

will be grouped into fixed costs and variable costs. 

Fixed costs are the costs that do not change with throughput in the short run. 

Accordingly all capital costs and non variable operational costs are included to the 

fixed cost. 

On the other hand, cost components which vary with the throughput are considered 

as variable costs. For purpose of this work it is assumed that the cost of technical 

losses is the only variable cost, since it is the major cost component which can be 

identified as varying with the power flow patterns.  

2.2 Traditional Cost Allocation Methods  

This subsection discusses the traditional cost allocation methodologies used by the 

distribution business. The following variables are defined to mathematically 

characterize the expressions describing the cost allocation for this section and 

subsequent sections. 

i. t is the time index with t = 1,……,m having an equal time span of T.  

ii. P, Q, S  are the active, reactive, and apparent power supply input to the asset 

base or output from the asset base 

iii. E is denoting the energy with superscripts of P, Q or S as appropriate. 

iv. Superscripts I and O of P, Q, S or E represent the power input and power 

output or input and output energy as appropriate. 

v. Subscripts t of P represents the power supply or demand at the tth time 

interval. 

vi. peak is a subscript denoting the peak of P, Q, or S 

vii. month  is a subscript denoting monthly total of E as appropriate 
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viii. ��
�

 be the revenue to be collected on fixed costs related to the asset base for a 

period having D number of days. 

ix. d be the subscript denoting the d th  day of a parameter as appropriate. 

x. n is the index of nodes of the asset base with n = 1,…, N. Subscripts of n of 

P, Q, S represents the power input or output at the nth node such that  

Total active power input  �� =  ∑ ��
��

� � �                          (2.1) 

Total active power output �� =  ∑ ��
��

� � �                        (2.2) 

Total reactive power input � � =  ∑ � �
��

� � �                         (2.3) 

Total reactive power output � � =  ∑ � �
��

� � �                        (2.4) 

Total apparent power input � � =  � (��)� + (� �)�             (2.5) 

Total apparent power output � � =  � (��)� + (� �)�          (2.6) 

xi. L is a superscript of P, Q denoting the power loss of respective component, 

incurred within the boundary of the asset and also it is a superscript of E 

denoting energy loss. 

Active power loss ��
� =  ��

� − ��
�                        (2.7) 

Active energy loss  ��
� ,� =  ��

� × �                          (2.8) 

Reactive power loss � �
� =  � �

� − � �
�                        (2.9)  

Reactive energy loss ��
� ,�

=  � �
� × �                          (2.10)  

Apparent power loss ��
� = � (��

� )� + (� �
� )�              (2.11) 

Apparent energy loss ��
� ,� =  � �

� × �                           (2.12) 
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xii. Let � �
�,� and � �

�,�
 be the buying rates or the costs at the input of active and 

reactive energy respectively. 

2.2.1 Allocation of fixed cost 

Traditionally, fixed costs are allocated on a postage-stamp method either per active 

energy or a fixed charge based on peak or coincident peak.  

2.2.1.1 Per active energy charges on average basis 

The average fixed charge per active energy (LKR/kWh) can be computed by using 

(2.13). Usually costing time window is one year. 

��� =  
� �

�

 ∑ � � �
� � � ∑ (��

� × � )�� �
�� �

 (2.13) 

This methodology is adopted by several countries for its simplicity. The price does 

not vary with the time or the location. 

2.2.1.2 Coincident Peak Charges 

The fixed costs are divided by the annual system peak and the charges are allocated 

based on the contribution of a particular customer to the annual average system peak. 

Then the capacity cost of nth customer/node for the year with D=365 (in LKR) can be 

obtained from (2.14), 

��� =  
�� ,���  ����

� � �
�  

����  ����   
 (2.14) 

Where, 

�� ,���  ����
�   - Annual average system peak of nth customer 

����  ����    - Annual system peak   

It is worth noting that if there is a customer whose load at the system peak is zero, 

then his capacity charge is also zero. Therefore, this pricing methodology encourages 

to reduce consumption at system peak.  
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2.2.1.3 Maximum Demand Charges 

The fixed costs per annum are divided by the sum of maximum demands recorded 

for individual nodes (load).  Normally the maximum demand is measured in apparent 

power for a demand integration period (in Sri Lanka the period is 15 minutes). The 

maximum demand charge (in LKR/kVA) can be computed using the following 

equation. 

��� =  
� �

�

∑ ��
� � � ∑ ��(�� ,�

� � �
� � �  ) 

 (2.15) 

Where ��(�� ,� ) is the maximum demand of the nth node (taking one load as a 

node) for the ath month. 

A price on maximum demand provides price signals for the power factor 

improvement.  

2.2.2 Allocation of Cost of Losses 

As the variable cost, traditionally cost of losses is charged based on the averaging 

over energy units of sales. In practice the total loss of a network ∑ ��
� ,��� �

�� �  is known, 

even though the individual values of  ��
� ,�may not be available. 

���� =  
∑ � � �

� � � ∑ �� �
�� � � �

�,� ��,�
� ,�

∑ � � �
� � � ∑ �� �

�� � ��,�
� ,�   (2.16)  

Where ACLP is the average cost of active losses. 

 Similarly the average costs of reactive energy ACLQ, can be calculated. 

2.2.3 Allocation of Cost of Losses in time base 

In this case the ��
� ,�need to be measured or computed. The cost of losses during the 

interval t is attributed to ��
�,�.  

���� � =  
� �

�,� ��
� ,�

��
� ,�     (2.17) 
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Where ���� �  is the average cost of active losses during the time interval t. 

Similarly the average cost of reactive energy ���� � , can be calculated.  

Several methodologies are used to compute ��
� ,�, if the �� ,� is known. Two of them 

are discussed below. 

2.2.3.1 Use of load flow studies 

Using the load flow studies it is possible to estimate the loss at a particular load. But 

it is difficult to compute load flow studies for loads at each time interval. 

2.2.3.2 Use of load curve data 

The electrical losses are proportional to the square of currents, losses hence 

approximately to the square of power delivered. Therefore a constant which can be 

used to calculate the power loss is obtained using the area under square of load 

curve. It provides time based price signals in terms of cost of losses. This 

methodology is further described in Chapter 4. 

2.3 Advanced Methodologies of Costing 

2.3.1 Allocation of Fixed Costs 

It is well understood that postage-stamp cost allocation method does not provide 

price signals for efficient use of network asset. In literature several cost allocation 

methodologies of transmission network assets have been proposed starting from 

MW-Mile method [1]. MW-Mile method is a two step calculation. First step is to 

calculate, a transaction x related flows on all network lines, �� � ,�  (ℎ ∈ � ) using 

DC power flow model considering the nodal power injections only involved in that 

transaction. Then the magnitude of MW flow on every line is multiplied by its length 

��  (in miles) and the cost per MW per unit length of the line �� (in $/MW-Mile), 

and summed over all the network lines as (2.18). 

������  � = ∑ ��  �� �� �,�� ∈ �  (2.19) 
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The above process is repeated for each transaction (� ∈ � ), including one 

comprised of the utility’s native generations and loads. Finally, the responsibility of 

transaction �  to the total transmission capacity cost is determined by (2.19) 

�� � = (����� _���� )  ×  
������  �

∑ ������  �� ∈ �

   (2.20) 

The methodologies similar to above are generally referred to as “extent of use” 

methods, since the cost allocation is done on the factors defined for load’s impact on 

the network asset with respective to the total capacity of the asset. [1]-[3] provides an 

overview and a comparison of some extent of use methodologies. Further it should 

be noted that these methodologies ensure the recovery of cost by nature of weighted 

averaging similar to the (2.19). 

[4] proposes a cost allocation strategy for fixed costs of distribution network asset 

with distributed generation, called “Amp-mile” method, derived from the philosophy 

behind the MW-mile methodology. Its ‘extent of use’ measure uses marginal change 

in current as opposed to power in MW-Mile methodology. The strategy is comprised 

of two types of charges for the recovery of fixed costs for the distribution network 

namely “location based” and “non location based”.  Location based charges are 

computed for each bus of the asset and also they are time differentiated using a factor 

which is the ratio between the flowing current to installed current capacity of a bus. 

“non location based” charge covering all other remaining costs that are either 

averaged over all MWh or allocated based on the contributions to the system 

coincident peak. 

One common feature in MW-Mile methodologies or its derivatives is that they 

mostly depend on the network flow calculations or tracing methods. But still this is 

an average cost or more of a weighted average cost where everybody will be charged 

for the burden created by a long line constructed to deliver small quantity of energy 

in a particular consumer. 
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2.3.2 Advanced methodologies in Allocation of Losses 

Several advanced strategies of allocating cost of losses in transmission networks 

have been proposed starting from nodal pricing of losses at marginal, as developed in 

[8]. [9] discusses the various properties, advantages and disadvantages of allocation 

strategies, marginal loss procedure and proportional sharing procedure. [10] and [11] 

proposes marginal loss pricing for distribution networks with distribution generation. 

One element in common is these strategies are location and time based. Owing to 

limitations discussed in Chapter 1, it is practically difficult to calculate a location 

based price in Sri Lanka.  

  


