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ABSTRACT 

Distribution System Operator (DSO) is obliged to provide 

the contracted power to the system user. The use of the 

distribution capacity below the contracted connection 

power causes the inefficient engagement of the available 

distribution capacity. Investing, maintaining and 

managing of an unused power distribution capacity is an 

unjustified expense. In order to avoid undue costs, it is 

possible to create such tariff design, which would activate 

system users to use the contracted connection power more 

efficiently, through price signals. More efficient use of the 

contracted connection power by the system users has a 

positive effect through more efficient use of distribution 

capacities. Through the analysis of a part of the 

distribution network, the unused capacity and unjustified 

distribution network costs were detected. In this paper, it 

is suggested a way to activate system users for more 

efficient use of contracted power. More efficient use of the 

contracted connection power by the system users results 

with a more efficient distribution network. 

INTRODUCTION 

The policy of distribution system operators (DSOs) is to 
build, manage and maintain an electricity distribution 
network in an energy and economically justified manner. 
The DSO is obliged to allow all system users to use the 
contracted connection power. The user's request for 
connection power is based on the projected peak load data. 
Frequently the projected peak load of the facility is 
significantly higher than the load of the facility during 
exploitation. DSO is obliged to invest in the development 
of the network in accordance with the contracted power of 
the system users. The realized loads which are less than 
contracted connection power, cause economic unjustified 
costs of investing, maintaining and managing to DSO. The 
total costs of investing, maintaining and managing DSO 
networks should be calculated proportionally to the 
installed capacity. The DSO is obliged to provide the 
contracted power to the system user. If a larger number of 
system users during the exploitation achieves less peak 
load than the contracted connection power in the 
distribution network, it results with the captured capacity. 
The greater difference between the contracted power and 
the peak load during the exploitation of the distribution 
network, results with the greater percentage of the 
unjustified cost of investment, maintenance and 
management. Not using part of the contracted connected 

power causes unreasonable costs and makes the 
distribution network more inefficient. Calculation of the 
distribution network costs using the parameter of the 
achieved peak load gives the wrong signal to the system 
users. Fixed DSO costs are linked to the installed capacity. 
The cost of the system user should be proportional to the 
contracted power. Calculation of the distribution capacity 
utilization through the contracted connection power sends 
a positive signal to the users of the system. 

DISTRIBUTION CAPACITY PLANNING 

Distribution capacity planning should be done with high 

quality input data. The DSO decision about the investment 

plan is made on the basis of plans for the construction of 

facilities, historical data of contracted connection powers, 

parameters of system security, network losses, quality and 

continuity of power distribution network use. Planning the 

number and installed capacity of transformer stations 

10(20)/0.4 kV is in direct connection with the contracted 

power users of the system [1]. In the process of designing 

the installed power of transformer stations, there are used 

the data on the expected peak load of the system users, 

taking into account the reserve factor (recommended 20%) 

and the overload factor of the transformer substation 

(recommended up to 1.4Pntp, where Pntp is nominal 

transformer power). The planned peak load of the 

substation is related to the sum of the contracted connected 

powers. The requirements of the system users for the 

connection power considerably higher than the needs 

during exploitation affect the efficiency of the electricity 

distribution network.  

An example is substation 10(20)/0.4 kV with installed 

power Pin = 100 kW. The substation is designed for 40 

users of the household category, with individual contracted 

connection power Pccp = 6.7 kW. The projected peak load 

of the transformer station is Pppl = 96 kW. Measured 

individual loads of system users connected to the 

substation are <3.5 kW. Figure 1 shows the annual load 

diagram of a system user with contracted connection 

power Pccp = 6.7 kW. The load diagram in Figure 1 shows 

that the achieved peak load does not exceed 50% of the 

contracted connected power. Other users of the system 

connected to the transformer station achieve the similar 

load. 
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Figure1. Annual load diagram of a system user, Pccp=6.7 kW 

 

Figure 2 shows the annual load diagram of the substation 

10(20)/0.4 kV, with the installed power Pin = 100 kW. The 

diagram shows that during the annual measurement period 

the load of the transformer station is <50% of the nominal 

installed power of the transformer. Measurement of annual 

load was made for 48 transformer stations. The DSO, 

bound by contractual obligations, invested in capacity 

according to the requirements of system users. The results 

of the load diagram show that the most transformer stations 

are under loaded and that the distribution capacity is 

oversized. Capacity building, with the engagement of 

<50% of the nominal power, causes unnecessary costs of 

investing, maintaining and managing. 

 

 
Figure 2. Annual load diagram of the transformer station 

Pin=100 kW 

 

COST OF UNUSED CAPACITY  

Analysis of distribution capacity involvement included 48 

power distribution networks. The total number of system 

users N = 3970 is connected to 48 transformer stations 

10(20)/0.4 kV. Total installed power of the transformer 

station is Pin = 6900 kW. The average contracted 

connection power per user is Pccp1 = 8 kW. Measured loads 

of substations over a year show that only 12% of the total 

number of transformer stations in shorter time intervals 

over a year, are loaded with more than 50% of the nominal 

installed power. At more than 30% of the substations, the 

maximum load was not greater than 20% of the nominal 

installed power Pin of the transformer station. An analysis 

of the user load system diagram shows that the average 

contracted connection power per user Pccp of the size = 

5.2 kW [2], corresponds to the real needs of the system 

users. Using the parameter Pccp = 5.2 kW as the average 

value of the contracted connection power for the user 

system for all 48 transformer stations, it is shown that the 

requirements of N = 3970 system users can be covered 

with total installed power of transformer stations 

Pin = 4800 kW. In relation to the total projected power of 

48 transformer stations, this requires 30% less capacity to 

cover the needs of system users. The DSO is obliged to 

comply with the contractual obligations and permanently 

keep the contracted connection powers that are greater 

than the actual needs. In this way, a substantial part of the 

capacities remains trapped and unused in the power 

distribution network. The unused capacity includes the 

costs of investing, operating and managing. If the 

calculation of the use of the distribution network is done 

through the value of the achieved peak power, then only a 

part of the actual costs is calculated to the user of the 

system. The DSO is obliged by the contract to provide 

continuous use of the contracted connection power, to the 

user of the system. Therefore, the fixed cost of the network 

is related to the parameters of the contracted connection 

power. From this it follows that the signal of the actual cost 

of the distribution network can be sent to the user of the 

DSO system by the calculation using the parameter 

contracted connection power.     

 

TARIFF DESIGN IN THE FUNCTION OF 

DISTRIBUTION CAPACITY ALOCATION  

Tariff design should be in the function of high quality 

allocation of the distribution network cost. It is necessary 

to create a tariff design that will use the value of contracted 

connection power to calculate the distribution network. 

DSO has the obligation to build a distribution capacity 

according to the contracted power of the system users. 

From this it follows that the fixed cost of the distribution 

network is related to the contracted connection power of 

the system users. The value of the contracted connection 

power is a valid parameter for the calculation of the 

distribution network cost [3]. DSO should ensure the 

registration of peak loads of system users in the accounting 

period. For users of the system with measuring devices for 

active power measurements, these are the data of the 

readings in the accounting period. For other users of the 

system without an active power measurement device, it is 

possible to use the data from the replacement load 

diagrams. Figure 3 shows the possible arrangement of 

tariff values for the use of the distribution network. 
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Figure 3. Tariff values of contracted connection power 

 

DSO invoiced the cost T1 of the distribution network, 

according to the contracted connection power Pccp1. The 

DSO may allow a small number of random overruns of the 

contracted connection powers A2, B2, and C2. The values 

above the contracted connection power of DSO are 

calculated according to special tariffs. If the user exceeds 

the permissible number of random loads A2, B2, C2, DSO 

agrees with the system user the new Pccp2 contracted 

connection power, and the distribution network cost is 

calculated at the new higher T2 value. The DSO interest is 

to act correctively on the overrun of the contracted 

connection power. A number of random deviations above 

the contracted power supply may be permitted. Exceeding 

the contracted coupling power through the number of 

random deviations of the DSO should be corrected by 

changing the contracted connection power [4]. Each user 

of the system that during the exploitation does not have the 

need to engage the entire contracted connection power has 

the interest to change its contracted connection power to 

Pccp0. The reason for the change is the value of the 

contracted connection power, which is used to calculate 

the fixed cost of the distribution network. The DSO makes 

correction in calculation of the distribution network cost 

on the lower value T0. The DSO calculates the distribution 

network cost according to the parameters of the contracted 

connection power, sending the correct signals to the user 

of the system. By disposing of accurate information about 

the costs of the distribution network, the user of the system 

starts the correct action. Approaching the contracted 

connection power to the actual needs of the system users 

has the technical and economically more efficient 

engagement of the distribution capacities. For the 

establishment and application of the proposed tariff 

design, active monitoring of the achieved load in relation 

to the agreed one, is required. 

Technical equipment is required to monitor the load. It 

includes measuring devices for registering the achieved 

loads or a procedure for establishing typical load diagram 

that will provide enough information if there is no 

measuring device.  DSO use reading data from measuring 

devices or data from typical load diagrams to monitor and 

correct contracted power supplies. DSO has the ability to 

start the process of optimizing the contracted connection 

power. The optimization of the connection power 

ultimately results in technically acceptable system 

parameters and economically justified costs. In this 

process, system users receive valid signals of the cost of 

distribution network use. The contracted connection power 

is adapted to its needs and thus participates in the 

optimization of the distribution capacity. DSO, through the 

process of approaching the required connection and load, 

gets a realistic picture of the real needs of consumers. 

 

CONCLUSION 
The electricity distribution capacity of DSO is built for the 

needs of the system users. The efficiency of the 

distribution system is greater as it is the more equalized 

value of the used capacity with the available distribution 

capacity. If during the exploitation peak loads of the 

system users are less than the contracted connection 

power, in the power distribution system remains a trapped 

part of the unused capacity. DSO is bound by contractual 

obligations and must provide contracted connection 

power. 

If the contracted power supply is not used, the power 

distribution system contains a trapped capacity. Trapped 

and unused capacity causes an economically unjustified 

expense. The captured capacity can be activated by 

changing the tariff design. Changes in tariff design can 

send positive signals to system users, which will launch an 

action to change the contracted connection power. The 

system user is not interested in paying higher costs of the 

distribution network than the value of the used distribution 

capacity. The system user which pay the part of the unused 

connection power has an interest in requesting the change 

of the contracted connection power. By changing the 

connection power, DSO does not have obligation to ensure 

unused capacity and release the captured distribution 

capacity. By activating the captured distribution capacity, 

the system improves the utilization of the available 

capacity. The costs of investing, maintaining and 

managing of captured capacity are addressed to the user of 

the system that actively uses the available capacity. Users 

are part of the system and it is important to have high 

quality information about the costs of using the electricity 

distribution system. DSO should ensure continuous 

control of the use of contracted connection power. 

Exceeding the permitted number of deviations from the 

contracted connection power, obliges the DSO to offer the 

system user a contract for a new value of the connection 

power. DSO should be obliged to monitor the use of 

contracted power. In the event of a deviation from the 

contracted values, the DSO should signal to the system 

user. In this way, it can initiate a positive reaction of 

system users that has a positive reflection on the efficiency 

of engaging the available distribution capacity. 
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