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ABSTRACT 

 
The power system is one of the most complex technical 

systems, its operation requires high reliability of 

components and the expertise of those who manage it. The 

drive occurrences in the transmission network over the 

past years that have had an impact on the distribution 

system or users of the distribution network will be 

considered. Based on identified shortcomings in the 

procedures and coordination we will endeavour to provide 

suggestions that we believe will improve co-operation of 

control centres of the transmission and distribution system 

operators during the disturbance. The distribution part of 

the power system is even more complex because of the 

increase in the number of connected power plants. The 

current operation regime of power plants, which are 

connected to the distribution network, is exclusively in 

stable conditions and the protections are set in accordance 

with this assumption. Possibility of distribution power 

plants for providing auxiliary services in order to increase 

the safety and stability of the power system should be 

considered. 

INTRODUCTION 

On the territory of the Republic of Croatia there is one 
transmission system operator and one distribution system 
operator. There is one national transmission control center 
(in figures NTCC) and four regional control centers. The 
regional transmission control center for the Slavonia area 
(in figures CCoTE) cooperates with five distribution 
control centers (in figures DCC). Distribution area of 
Elektroslavonija Osijek has had two significant 
disturbances caused by the transmission network in the last 
four years, which reflected on the users of the distribution 
network. The first event resulted in a regional disruption 
of the transmission grid, leaving a distribution system 
without electricity supply. In the second event, there were 
large voltage instability and partial load shedding. While 
analyzing operation events, procedural errors were 
detected which were caused by lack of communication 
between the transmission and distribution control center. 
Figure 1 shows the hierarchical structure of the 
transmission and distribution control centers. 

 
 

Figure 1. The structure of the transmission and 

distribution operator system control centers 
 

THE TRANSMISSION GRID DISTURBANCES 

THAT HAS AFFECTED THE DISTRIBUTION 

GRID OF ELEKTROSLAVONIJA OSIJEK 

We will look at the drive events in the last 4 years that have 

significantly influenced on the distribution grid of 

Elektroslavonija Osijek. The first major disturbance 

occurred on 14 May 2014. when a part of electric power 

system had collapsed, the second event took place on 25 

July 2017. when we had extreme voltage fluctuation in 

electric power system. 

System incident on 14 May 2014. 

On 14 May 2014. at 08:18 a.m. there was a breakdown of 

the voltage that was felt throughout the distribution grid 

Elektroslavonija Osijek. Transient faults in the 

transmission grid, at least in this part of Croatia, which 

have the consequence of line voltage drop, are not a rare 

occurrence, so the dispatchers have recorded a transient 

drive event. 

 

At 08:21 a.m. there was a voltage loss across the 

Elektroslavonija Osijek area, distribution control centers 

dispatchers in Osijek viewed the objects in the remote 

control system and immediately approached to load 

shedding. The first successful contact with regional 

transmission control center Osijek (in a couple of attempts 

the phone was busy) was at 8:26 a.m., and the official 

information we received is that the incident of the 

Slavonian transmission system occurred. Further 

procedure was coordination between distribution control 

center and dislocated teams, who were sent to power 

stations that are not in the remote control system. 
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During the period from the beginning of system incident, 

it was attempted to establish a connection with the regional 

transmission control center of Osijek by telephone, 

unfortunately, unsuccessfuly. In the second contact with 

the operator of regional transmission control center Osijek 

the information on load shedding was given, and 

information about the cause of the system incident and the 

estimated duration interruption of supply was requested - 

no response was received. 

During all this time, there was a strong pressure of 

consumers through the phone lines to which we could not 

give any information about interruption of supply. Of all 

those looking for information, we would point out to the 

responsible person of Clinical Hospital Centre Osijek, who 

pointed out that they have aggregates for the most critical 

parts of consumption, however they must know the 

duration of such a situation and the fuel supply. At 09:04 

a.m. we got a license to load substation 110/35/10 kV 

Valpovo, after which we gradually got a permit for loading 

some substations 110 / x kV. Subsequent regional 

transmission control center manifested itself at a system 

incident stating that at 08:18 a.m., the busbar protection at 

TS 400/110 kV Ernestinovo was completed and the entire 

400 kV busbar was disconnected. Due to the planned 

works, some power lines were disconnected and substation 

220/110 kV Djakovo was supplied by power lines from 

Bosina and Herzegovina, but the increase in power flow 

caused the overcurrent protection of the 220 kV Tuzla - 

Gradačac power line and the breakdown of the regional 

system. 

The normal electricity supply in Elektroslavonija Osijek 

was established at 9:45 a.m., the break lasted for 84 

minutes. Taking into account all the features and 

circumstances of the drive event, the supply normalization 

was done in a relatively short time. 

After this system incident direct telephone lines were 

introduced between regional transmission control center 

and distribution control center. This line would be used 

exclusively for system incidents that would result in 

interruption of supply of larger distribution consumers. 

System incident on 25 July 2017. 

At night from 24 to 25 July 2017. the wider area of Osijek 

and its surrounding area were affected by very thunderous 

thunderstorm causing a series of transient faults on the 10 

kV grid of distribution area Elektroslavonija. At 01:00:46 

a.m. there was a line voltage drop in the area of 

Elektroslavonija Osijek. 

The load of distribution area Elektroslavonija Osijek just 

before the line voltage drop was about 86.5 MW. The 

exchange between the transmission system and the 

distribution system was 77 MW, while the remaining 9.5 

MW was input of distribution power plants connected to 

the grid. 

The cause of line voltage drop at 01:00:46 a.m. is the 

function of busbar protection in substation 400/110 kV 

Ernestinovo due to direct lightning strike. Figure 2 shows 

the voltages measured in substations 110 / x which are 

within the jurisdiction of the distribution system operator: 

 

 
 

Figure 2: Nominal 110 kV voltage in substation Djakovo 

3 and substation Osijek 4 

 

The moment "t1" operated the busbar protection 

in substation 400/110 kV Ernestinovo and the line voltage 

droped in the complete distribution area of 

Elektroslavonija Osijek. The voltages in the nominal 110 

kV grid fell from 117-118 kV to 108 kV in the area of 

Osijek, ie 112 kV in the area of Djakovo. The difference 

in voltage is due to the fact that the entire area was supplied 

from substation 220/110 kV Djakovo. Immediately after 

moment ”t1”, the load of transformer no.1 in substation 

220/110 kV Djakovo was 107 MW and 45 MVAr and the 

voltage control switched in position 11 while at the 

moment of shutdown was 136 MW and 98 MVAr the 

voltage regulator switched in position 18. It is clear how 

the automatic voltage control tried to restore the voltage 

value to the predetermined value (117 kV) but this was not 

possible because one power transformer with 90 percent of 

load and the coil in TS Ernestinovo were switched on. The 

increase of 27% of the workload on the 220/110 

transformation at night hours when the load is stationary 

can partly be explained by the exclusion of the distribution 

power plants (producing approximately 20,4 MW) by the 

protection from the improper parallel operation with 

distribution grid at areas of Elektroslavonija, Elektra 

Slavonski Brod and Elektra Vinkovci. 

For these reasons, at the moment of "t2", 

transformer no.1 in substation 220/110 kV Djakovo was 

switched off from transmission grid, resulting the 

interruption of interconnection power lines from Bosnia 

and Herzegovina due to overload. The only power supply 

are from transmission area of Zagreb with overloaded 

power lines and transformation into substation 220/110 kV 

Medjurić. If this scenario happened in daily hours as on 

May 14, 2014. the regional interruption of supply at power 

system would have occurred again. 

At the moment "t3" re-enters (01:21) 

transformer no.1 in substation 220/110 kV Djakovo, upon 

entering the same scenario. Automatic voltage regulation 

moves the voltage control switch to reach the default 117 

kV voltage, as a result of the change in position, the current 

increased through the transformer and at the moment "t4" 

(01:27) the transformer disconnected again due to 

overcurrent protection. It is important to note that the 
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dispatchers of the distribution control center Osijek at 1:21 

started load shedding in the area of Osijek, its surrounding 

places and Baranja.  

 

 
 

Figure 3: Voltage trend at 35 kV bus substation 110/35 

kV Osijek 1 

 

The dispatcher of regional transmission control center at 

the moment "t5" (01:33) again re-enter the transformer 

substation TS 220/110 kV Djakovo, the automatic control 

managed to reach the default value of 117 kV. Then, at 

01:41, the coil in substation 400/110 kV Ernestinovo is 

switched off, causing a jumpy voltage change that reached 

117 kV in substation 110/20/10 kV Djakovo 3. 

COORDINATION DISTRIBUTION CONTROL 

CENTER AND REGIONAL TRANSMISSION 

CONTROL CENTER DURING DESCRIBED 

SYSTEM INCIDENTS 

After the breakdown of regional transmission system on 

14 May 2014., according to the conclusions, a recorded 

direct communication line was established between 

regional transmission control centre and distribution 

control centre.  

During the system incident on 25 July 2017. no 

information from regional transmission control center was 

delivered to the distribution control center in Osijek after 

the operation of busbar protection at substation 400/110 

kV Ernestinovo. At 1:11 a.m. after the first disconnection 

of substation 220/110 kV Djakovo and drastic line voltage 

drop, dispatcher of distribution control center Osijek call 

dispatcher in regional transmission control center to ask 

about system incident. The feedback was that the 

transformation in substation 400/110 kV Ernestinovo has 

been excluded, without mentioning the events in 

substation 220/110 kV Djakovo. At 1:16 a.m. the 

dispatcher distribution control center Osijek called 

regional transmission control center again because the 

situation did not change. During the conversation he asked 

dispatcher in regional transmission control center what to 

do in area under his jurisdiction, the answer is: "Do what 

you think you need to do". At 01:20 a.m. the dispatcher of 

distribution control center again called dispatcher in 

regional transmission control center and informed him that 

he would do the load shedding in Osijek and its 

surroundings and Baranja. He asked a dispatcher in 

regional transmission control center to contact him in a 

moment when it would be possible to load in a system. In 

total 73.083 consumers were excluded from the grid to 

ensure system stability. 

The load of distribution area Elektroslavonija Osijek 

before system incident was 86,5 MW, while after the load 

shedding it was 40,5 MW. 

Since regional transmission control center Osijek has 

jurisdiction over 5 distribution areas of the Slavonia 

region, the issue is the correctness of only one distribution 

area to be load shedding while other four areas remain 

untouched.  

We can find reasons for this bad practice in poor 

coordination of the national and regional transmission 

control center, the regional transmission center and the 

subordinate distribution control center. 

Such system incidents are rare and they themselves carry 

a surprise factor. However, the procedure that would 

prescribe procedures between the control centers of all 

levels would greatly facilitate the job of the dispatchers 

themselves, ie the executors of their orders. 

THE REACTION OF DISTRIBUTION POWER 

PLANTS DURING SYSTEM INCIDENT ON 25 

JULY 2017.  

To the MV distribution grid of Elektroslavonija Osijek 15 

distribution power plants are connected with a total 

nominal power of 29.5 MW. Out of the total 28.9 MW, 9.6 

MW was produced from the biomass power plant, while 

the other 19.9 MW was produced from the biogas power 

plant. 

 

 
 

Figure 4: Display of medium power in the area 

Elektroslavonija Osijek 

 

Consideration will be given about the behavior of the 

distribution power plants during mentioned disturbance. In 

Croatia, the island mode operation of the distribution 

power plants is forbidden, and the protection (df / dt) on 

the grid and power plant interface is set in such a way that 

the power plants are separated from the system. From the 

standpoint of the stability of the power system this is a bad 

practice because the weakened system is further burdened 

to substitute the power plants that have been separated 

from the parallel operation. Current and voltage protection 

as p.u. are approximately equally adjusted with identical 

time of operation. The protection whose settings differ is 
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df / dt; Figure 5 shows the response of two biomass power 

plants where it is apparent that there was no identical 

response during the disturbance. 

 
 

Figure 5: Biomass power plant “Strizivojna” and Power 

plant “BE-TO” during disturbance 

 

It is apparent that power plants similar to the rated power 

3,3 MW and the production system at different moments 

are separated from the system. The problem is that the 

network operator has no knowledge of the separation of 

power plants due to electrical protection (df / dt) or various 

turbine or other power plant protection, nor is the producer 

obliged to supply this information. These power plants are 

small turbine thermal power stations, with proper 

regulation they can provide auxiliary services in the power 

system. 

 
 

Figure 6: Biogas power plant “Mitrovac” and Power plant 

“Orlovnjak” during disturbance 

 

Biogas distribution power plants shown in Figure 6 are 

generally less rated power compared to biomass power 

plants without built-in protection df / dt or are more 

flexible due to production and consumption disbalance.  

Unlike the biomass power plant, it is apparent that the 

biogas power plant remained parallel to the grid and 

supported the stability of the power system. It is illogical 

that during the disruption the production unit less nominal 

power remain in parallel operation while the larger ones 

run out of the parallel operation with the grid. The cause 

of this is the rigid protection of larger production units. 

By adopting new Grid Rules, the island's work on the 

distribution system is allowed, and the possibilities and 

interests of individual power plants to contract auxiliary 

services to the power system should be explored. 

 

PROPOSAL OF COORDINATION AND 

OPERATION OF THE CONTROL CENTERS 

ON THE EXAMPLE SYSTEM INCIDENT ON 

25 JULY 2017. 

The action proposal described in this chapter takes into 

account the organizational changes that occurred on 01 

November 2018. The organization chart of the 

management centers is shown in Figure 1. 

In system incident, on 25 July 2017. there was again no 

timely notification from regional transmission control 

center to distribution control center about the failure of the 

transformer in TS Ernestinovo due to the 400 kV bus 

protection and the disrupted transmission network 

operation. The information that would be a sign to the 

distribution control center operator for preparing the load 

shedding if requested. In DP Electroslavonia, a document 

that provides load shedding in phases has been created by 

looking at network users, preferred consumers and 

distribution power plants. Figure 7 is a written procedure 

that would be applicable in this drive event. 

Specifically, in this example, all orders from regional 

transmission control center would be delivered to 

distribution control center of group area East (in figures 

CCoDE) which would forward to the corresponding 

distribution control center. A positive aspect of this system 

setup is that regional transmission control center will 

provide information to a single address or distribution 

control center of group area that will be required to 

disperse information to subordinate distribution control 

centers (Figure 1). Consequently, DSO itself, or 

distribution control center of group area, took over 

responsibility for correct and on time reporting at lower 

levels or distribution control centers, under condition that 

the TSO or regional transmission control center have 

transmitted the necessary information. 
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Figure 7: Coordination and operation schemes 

 

CONCLUSION 

Technological and evolution awareness of new tasks and 

responsibilities is necessary in order to bring the 

regulations that will arrange the partnership relationship 

between the transmission and distribution system 

operators in the function of maintaining system stability. 

The "master - slave" relationship between the operator is 

past and sealed with the technological revolution of the 

power system. 

From the analysis of the previous system incidents and the 

facts presented in the report, the biggest problem of 

managing the branch power system in disturbed state has 

crystallized which is the lack of operational 

communication between the TSO and DSO control 

centers. 

In order to make progress in this area, it is necessary to 

implement Article 44 of the Grid Rules of the 

Transmission System where the TSO is obliged to inform 

all transmission system users of the circumstances of the 

system incident and the estimated duration of the 

disturbance.  

We propose that the Rules on Coordinating the System 

Operator in the Re-Establishment of Electricity Supply 

Regulations to be adopted, after the positive opinion of the 

Croatian Energy Regulatory Agency. 
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