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ABSTRACT 
This paper describes a concept determining an optimum 
mix of technical measures to be realized in the 
distribution grid within next years in order to improve 
reliability of that distribution grid. The contribution of 
each technical measure to reliability is calculated for 
specific types of middle voltage grids including the total 
impact on the whole distribution area of E.ON Czech. 
The optimum mix of technical measures takes into 
account an economic value as well as a technical 
potential in that specific distribution area. In conclusion 
of this paper the cost-benefit analysis of such optimum 
mix is described in relation to the regulation formula. 
Our target was to create a software tool which can 
compute optimization of costs of investment measures. 

INTRODUCTION 
The main objective of this project was to introduce a new 
motivational approach to reliability of power supply by 
the Czech Energy Regulatory Office in 2012. This project 
was aimed to create a tool which could take a helicopter 
view of the distribution grid and it would be able to 
calculate an optimum set of measures leading to 
achievement of set SAIDI, SAIFI. The measures for 
improvement of the grid reliability can be divided into 
operation and investment. Firstly, we focused on 
investment measures into grids because they have a 
permanent contribution to grid reliability in contrast with 
operation measures which must be repeated. 

Q-PARAMETER 
The Czech regulator has introduced a new approach to 
power quality regulation – the DSO can both earn and 
lose money depending on SAIDI/SAIFI indicator. The 
methodology of financial subsidies is described 
in following picture. 
 

 
Figure 1: Czech Energy Regulatory Office conditions 
Deviation under ±5% does bring neither bonus nor 
penalty. Max bonus or penalty equals ±3% of annual 
profit in case of ±15% improving of system reliability 

indexes. We express SAIDI and SAIFI as a Q-parameter. 
In principle, Q-parameter is the average percentage value 
of SAIDI, SAIFI indexes. Some technical measures only 
affect SAIDI while other may affect SAIFI or both 
indexes. In order to compare costs of the individual 
solutions, we had to define Q-parameter. It will provide 
an important joint parameter of all investment measures. 
Of course, we also have to reflect the unaffected trend of 
Q-parameter as an input based on common reconstruction 
of the distribution grid. 
Next steps describe how to ensure the requested            
Q-parameter using investment measures. All these steps 
are shown in the Figure 2 on next page. 

STEP 1: INVESTMENT MEASURES & NPV 
Here we only concentrated on investments that are 
believed to have currently the highest potential and 
efficiency, i.e. price/grid reliability benefit ratio. First of 
all, the following technical measures are concerned: 
 Installation of MV cables in forest corridors 
 Installation of reclosers on the MV overhead lines 
 Replacement of low reliable MV insulators in MV 

overhead lines 
 Single-phase earth fault operation with shunting 

method 
 Installation of indicators of fault currents in the MV 

cable networks 
A particular selected measure depends on the high fault 
rate in middle-voltage (MV) grids based on SAIDI and 
SAIFI indexes of a specific distributor. 

Net present value of cost  
A cost is the common value of all measures. Thus a net 
present value of cost representing measure will be 
assigned to each reliability calculation. It is the overall 
investment and the operational cost for the lifetime of 
specific measure. 
Costs are converted to the same lifetime period with 
respect to different lifetime of different measures. 

STEP 2: POTENTIAL & RELIABILITY 
The objective of every measure will be to find 
dependency of its penetration into the distribution grid 
and contribution to reliability of the entire distribution 
grid represented by Q-parameter. 

Installation of MV cables in forest corridors 
The important information to determine the potential for 
installation of cables in forest corridors is based on the 
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comparison of maintenance costs for overhead and cable 
lines in forest corridors, including their lifetime 
investment costs. The outcome of technical and economic 
comparison is that cables should be installed in a forest 
corridor with minimum length of 800m. In our 
conditions, we have a potential for cable installation 
in forest corridors with the total length of 286km. This 
represents 15 % of all forest corridors in the E.ON Czech 
grid. 

Figure 2: Algorithm of Quality Improvement Tool 
The grid reliability improvement in case of cable 
installation was calculated on the basis of real faults that 
occurred in forest corridors in last 4 years. We expected 
that SAIDI, SAIFI indexes would be reduced due to an 
elimination of falling trees or branches into overhead 
lines. We also included the results of reliability based on 
the computation of 29 specific MV lines. 

Installation of reclosers on the MV overhead 
lines 
The grid reliability contribution was calculated on the 
basis of reliability model results in pilot installation 
cases. The results show that one recloser installed on MV 
line will reduce SAIDI by 14% and SAIFI by 30% in 
relation to fault interruption. 
To obtain the desired dependencies, we classified power 
lines starting the most susceptible to faults to the least 
susceptible ones. The individual power line contribution 
was converted to system-wide reliability indicators and 

added up with respect to the considered number of 
installed pieces in order to determine their cumulative 
contribution. We expect the maximum quantity of 200 
pcs which reflects the potential of the existing MV grid 
using the methodology of 1 recloser to 1 overhead line 
between two substations.  
 
 

Replacement of MV insulators 
The final dependency of system reliability contribution 
by replacement of old insulators for new ones is based on 
a simple assumption that no fault types “defective 
insulator“ will be registered after a complete replacement 
of insulators. Thus we eliminate SAIDI and SAIFI values 
of these faults depending on the required length of 
reconstructed overhead lines. We included just the lines 
with 35 years old insulators and older. 
The calculated dependency is now linear, but we must 
keep in mind that this measure is exhaustible, i.e. more 
than 5.8% Q-parameter cannot be reached for the grid 
under review.  

Earth fault operation with shunting method 
Now we consider single-phase earth fault operation 
which may be completed by so-called shunting method 
for areas with higher capacity currents or insufficient 
earthing conditions. Today the single-phase earth faults 
are not operated for safety reasons. The shunting method 
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is the system of earthing of affected phase through a 
shunt resistor or reactor during single-phase earth fault 
and ensures reducing of residual current. 
For each of the faults detected as an earth fault, we 
calculated SAIFI and SAIDI contribution of this event. 
Then we divided the SAIDI and SAIFI contributions into 
supply transformer stations and Petersen’s coils, e.g. by 
capacity currents of the areas. Because earth faults are not 
possible to fully reduced, we lowered the calculated 
improvement of reliability indexes by 50 %. 

Installation of fault current indicators in the MV 
cable networks 
The potential of fault current indicators is based on the 
estimated average time to eliminate fault by 
manipulations, frequencies of faults, topology of specific 
MV lines, etc. The result has a low potential for 
reliability improvement which is mainly caused by low 
occurrence of faults in MV cable networks – in our 
conditions about 0.5 pc/100km/year. 

Summary 

Measures Potential dQ_max 

MV cables (forest corridors) 284 km 3.2 % 

Reclosers (overhead lines) 200 pc 4.5% 

New MV insulators 650 km 5.8 % 

Earth fault operation 109 TL 5.3 % 

Fault current indicators 1143 DTS  0.07 % 
Table 1: Summary of potential 
It is important to note that all selected investment 
measures installed in MV grid could influence each other 
and their contribution to system reliability should be 
lower as we present. . The mutual influence of measures 
must be prevented using a new methodology, for 
example, to avoid that several measures are installed on 
the same line which shows the highest fault rate. The 
optimization tool described in this paper also helps to 
avoid mutual influences. 

STEP 3: FINAL COSTS FUNCTIONS  
In step 3, we identified the characteristics where the 
reliability contribution was dependent on the quantity of 
installed pieces or the length of reconstructed power 
lines. Now numbers of installations or kilometres of 
reconstructed lines are substituted by costs from Step 1 
and we could show all measures in a single chart. 
According to the approaches of analyses from Step 1, we 
get different numbers of results of each measure. For 
example, the reclosers have 200 results for each 
installation but MV cables calculate just with 5 results of 
their analyses. 
The final data are then approximate with polynomials of 
different degrees as needed. The one input of exponential 

functions is also worth mentioning because in some 
cases, a higher degree of polynomial function does not 
satisfactorily represent data. The set of equations 
(polynomials) provides a significant input for 
optimization calculation. 
The final tool is able to calculate optimization of six 
functions entered by polynomials up to six degree and 
one exponential function. 

 
Figure 3: Costs functions 

CALCULATION OF OPTIMIZATION 
Cost optimization can be solved in many ways. For 
example, the Lagrange Multipliers method is known. It 
simply is a set of cost function derivations (polynomials, 
exponential functions), so-called incremental of 
functions. Such a problem can most easily be solved in 
numerical way using special software for mathematical 
calculations, e.g. MATLAB. 
In our case, we chose the method of problem 
discretization and its conversion to MS Excel, or VBA-
Excel. The calculation of cost functions was then based 
on calculation of all mutual combinations of such 
function values and identification of the optimum 
(minimum) solution. This method depending on the 
accuracy of calculation and the size, i.e. number of cost 
functions requires a high number of calculation cycles 
that may be time consuming. The calculation accuracy is 
limited by the quantity of points for curve replacement 
(max. 1000) and the size of the calculation area. The 
quantity of points for curve replacement is now for each 
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function the same.  
Next figure shows the calculation module with settings of 
all analysed measures and their range of improvement. 
For example, if the reclosers were used in 1%, we would 
set the minimum range of improvement as 1% for new 
assessment of optimum mix.  

Figure 4: Demonstration of Calculation Module 
In the Figure 5, you can see how the tool evaluates the 
chosen Q-parameter. Q-parameter was requested 7%.  

 
Figure 5: Discretization of cost functions and results 
The tool chooses tree measures as the most suitable from 
cost and reliability improvement point of view to fill the 
condition 7%. For this particular example, the earth fault 
operation has an improvement of 4.8%, installation of 
MV cables in forest corridors 1.1% and installation of 

reclosers 0.9%. The rest (in this case 0.2%) depends on 
accuracy of calculation. Of course these measures will 
change when the working Q-parameter is changed. 
 
 

Cost-benefit analysis 
The other type of output – cost benefit analysis should 
help to manager’s decisions. This part is aimed 
to perform a sensitivity analysis (see Fig. 2) for the whole 
range of possible settings of the working point on the     
Q-parameter curve and identify optimum mixes of 
measures for given partial points as well as calculate 
investment and operational costs and Q-parameters 
bonuses or penalization. Simply, we compare the cost of 
investment in the first year with its potential bonus which 
DSO could receive. This sensitivity analysis reaches 
beyond the boundaries of the neutral zone from Figure 1. 

CONCLUSION 
In consideration of the results, we expect a decision how 
much to invest to the measures described above in the 
future years, or what level of Q-parameter is the best to 
choose. The described method provides an efficient tool 
for technical planning of investments according to the 
requested reliability and it is suitable for assessment of 
new components of the distribution grid. 
The data used for cost functions need to be updated at 
regular intervals. The exhaustion of measures has to be 
respected and also updated. 
The time before installation of investment measures and 
their full contribution to system reliability must be 
covered by actions required in operation with an 
immediate effect on improvement of grid reliability. It all 
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depends on the Energy Regulator’s requirements and the 
selected strategy and of course, on the resulting economic 
efficiency of investment spent on different levels of Q-
parameter which means results of our sensitivity analysis. 
For all the aforementioned reasons, we consider it 
appropriate to extend the quality improvement tool to 
power outages for operational reasons. 
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