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Abstract— Intentional islanding is a concept where power system 

is divided, in case of a significant disturbance, into smaller 

segments in order to prevent a complete black-out. In this paper 

the results of three different approaches to assess the feasibility  

of intentional islanding is presented using generic power system 

model. The study targets to identify on high level the criteria for 

successful islanding based on the system’s main characteristics 

with a wide variety of operating conditions. The operating 

conditions were executed by varying size of the studied system, 

imbalance level at the time of islanding and the response speed of 

the turbine governor. The conditions were derived so that they 

can be considered to represent on a general level, the possible 

regional islands and their generation portfolio in Finland. Size of 

the possible regional islands was represented by varying the 

kinetic energy of the rotating masses. The results showed that the 

frequency response stayed within tolerable limits when the total 

imbalance was maximum of 1.25 % of the total kinetic energy of 

the rotating masses, i.e. very a narrow range of the studied 

combinations. Based on the results, it can also be concluded that 

turbine speed control parameters, tuned for certain size of 

system, do not likely perform in an adequate manner when the 

rotational kinetic energy of the systems varies. Considering the 

results of the study, it seems that the required combinations for 

robust island may be very rarely available because of the present 

market-based electricity generation allocation and configuration. 

However, separate system specific studies to address the 

possibility of intentional islanding should be performed 

considering the actual availability and variations of generation 

and the actual power system configurations.  

Index Terms—Islanding, synchronous generator, system inertia, 

frequency controller, frequency deviation 

1 INTRODUCTION 

In the modern society the continuance of electrical supply is 
of a great importance. In an intentional island operation, certain 
region, or regions, consisting of generating units and loads, is 
isolated from the rest of the grid in connection of a fault or other 
abnormal occurrence and will continue a normal operation 
within the island (Tyuryukanov et al. 2016) and (Isazadeh et al. 
2015). The possibilities of intentional islanding have been 
studied widely by the academia and industry especially at the 
distribution systems, as in (Best et al. 2011) and (H. Zhang et 
al. 2014) or in a different micro grid concepts as in (Celli et al. 
2016) and (Islam et al. 2017). Most of the studies done at the 
transmission system level have concentrated on how many and 

in which locations viable islanded regions can be formed using 
various algorithms as in (Demetriou et al. 2016), (Rezaeian et 
al. 2017), (Granda & Colome 2015) and in (Baranwal & 
Salapaka 2017). However, no comprehensive studies have been 
made in order to find fundamental criteria for the robust 
intentional islanding. Presuming criteria for robust islanding 
would be available, the intentional islanding concept for that 
region could be established in order to support the supply of 
security in the region and possibly support and accelerate the 
network restoration. 

In the present generation of electricity is market-based and 
thus dependent on the electricity market situation. As a result, 
there is no guarantee whether certain production units are 
connected to the power system or not. In the future, it is likely 
that the role of the consumers will be increasing together with 
the increasing amount of renewable energy sources and 
flexibility resources, which will further decrease the 
predictability of variations in generation but also consumption 
of electricity. Due to changes in the power systems, the 
preconditions, technical constraints and needs from the 
perspective of system security for islanding are changing and 
will be subjected to more fundamental changes in the future 
(Suh et al. 2017) and (Shafiullah et al. 2015). 

In order to identify the feasible regions for intentional 
islanding, the network operators should have understanding of 
which are the main preconditions that shall be fulfilled so that 
the transition is theoretically possible. This paper presents the 
key results from the three part simulation study which was 
performed to identify general criteria for high level assessment 
about feasibility of intentional islanding concept under present 
market-based power system operation. In the first part of the 
study the main target is to analyze frequency deviations 
obtained with three different response speeds of traditional 
rotating machines. In the second part the target was to analyze 
frequency deviation obtained with different, predetermined 
response types and speeds of controllable power source. The 
third part demonstrates on how well controller optimized in one 
region comprising certain amount of rotational kinetic energy 
(i.e. system size) would suit for clearly different sizes of system. 

This paper is organized as follows. Chapter 2 presents the 
problem formulation covering the four fundamental factors  
affecting feasibility of intentional islanding. Chapter 3 
describes the compact regional network power system model 
which is used in an analysis of how to assess the variables and 
their mutual relations that will ensure a robust islanding. 
Chapter 4 presents the parameters applied in the study work. In 



chapter 5 the main results of the study are presented. Based on 
the results obtained from each of the three parts of study, a 
feasibility assessment of islanding in a transmission system 
level is presented. In addition, the characteristics affecting to 
forming and operation of islands are discussed. In the 
discussion part covered in the Chapter 6 the role and 
possibilities of the distributed resources to the islanding concept 
in the future are discussed. It is also discussed briefly on how 
the technical execution of the distributed resources should be 
done from a system security, adequacy and restoration point of 
view. 

2 PROBLEM FORMULATION 

 Basic principles related to islanding 

Main factors affecting on frequency response in a region 
when islanding commence is depicted in Equation 1. Equation 
1 is a modified swing equation, which takes account the power 
imbalance between the region and large synchronous grid just 
prior to islanding. 
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Figure 1 depicts the role of the variables presented in 

Equation 1. 
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Figure 1. Main variables governing the rate of change of 
frequency. 

The equation (1) dictates the rate of change of frequency 
(df/dt) and also the frequency deviation (Δf) including  
frequency minimum (fmin) and maximum (fmax) values in an 
island after the moment of islanding. In order to ensure a 
successful islanding, the main objective is to limit the Δf within 
the permissible limits. The way the Δf and df/dt are controlled 
can be divided into the following categories: 

1) Pgen: Total production within the island. The generators 

which are available for the islanding in the region, are 

dependent on the electricity market condition.  

2) Pload: Power consumed by the loads within the island. 

Traditionally the control of the loads have not been applied to 

assist the islanding.  

3) ΔPext,grid: Power balance between the region and the rest 

of network at the moment of islanding. Smaller value of 

ΔPext,grid, will, in principle, allow smaller total inertia constant 

within an island with the same value of the Δf. 

4) M: Total inertia constant within the island. Greater 

value of M will, in principle, allow greater imbalance within 

an island with the same value of the Δf. 

 Aspects related to robust islanding 

The significance and aspects related to the four variables, 
depicted in the 2A, are presented in more detail in the following 
chapter. 

1) Pgen: The capability of the generators for fast control of 
their output power is likely the main factor for a robust 
islanding. However, there are two main constraints which may 
jeopardize robustness even if frequency control can be 
considered as fast. First, generators shall be equipped with 
frequency control requirement based on the large synchronous 
grid connection requirements. These requirements addresses 
only general performance criteria for different types of power 
plants (e.g. hydro or steam). Also, if the generator is providing 
the frequency reserve services, they might not be at all 
applicable in islanded region. Secondly, since the transmission 
system operator (TSO) does not own any permanently grid 
connected electric production, TSO cannot control directly the 
units participating on frequency control. Instead, the electricity 
markets will dictate which generators are running and which 
not so there is no guarantee whether certain generators are 
available for islanding. 

2) Pload: Traditionally the loads in a large scale power system 
are not controllable, but still, the loading can be forecasted with 
a decent accuracy. However, the smaller the region under the 
study, the higher are the relative estimation errors in a loading  
and, as a result, the more uncertain it is to estimate the loading 
in certain region. In many publications, as in (Jacobsen et al. 
2015) and in (Ahsan et al. 2012), the load shedding scheme is 
presented as a high valuable option, especially to last 
countermeasure to  prevent cascading failures on a large scale 
power system. However, it is not likely that in regional small 
islands the traditional load shedding scheme is an applicable 
option because it would be very challenging and costly to 
implement the method in highly variable operating situations. 
Also, even if the shedding scheme could be established, it 
would still be rather unreliable because imbalance would 
continuously change because power system operates on a 
marked-based. 

3) ΔPext,grid: The power exchange between the region and the 
rest of the grid is dependent on the variation of the demand and 
generation within the given region. Because generation units 
running in Finland depend on the electricity prices, the power 
exchange often varies independently on the variation of the 
demand. Therefore, the power exchange, and consequently one 
of the main pre-condition for successful islanding, may vary in 
certain regions greatly between different seasons of the year, 
between different days of the week or even between the hours 
of a day. 

4) M: Total inertia will change along with the running 
generators as described under item 1) related to Pgen. Therefore, 



there is no guarantee of certain amount of total inertia within an 
island either. In addition, the growing share of inverter-fed 
distributed resources, as in solar panels and wind turbines, the 
amount of moment of inertia could diminish all the way to zero 
in certain regions and operating conditions. 

 Fundamental requirements related to robust 

intentional islanding 

Because of a high complexity of power system, it is 
challenging to form a comprehensive criteria for islanding 
covering different regions, which will ensure a robust dynamic 
response of different islanding schemes. However, the regions 
thought to be applicable for islanding should possesses at least 
the following criteria at the time of islanding: 

1. Generators with ability of fast frequency control and 

adequate capacity to manage the regional demand 

variations 

2. Adequate amount of total kinetic energy of the rotating 

masses (i.e. system size) 

3. Power balance between the region and large 

synchronous system as close to zero as possible 

The above three requirements do not guarantee a successful 
islanding but should be considered as a fundamental 
prerequisite for it. For a further and more elaborate assessment 
numerical criteria allowing identification of the feasible regions 
for intentional islanding is needed. As described in Chapter 5, 
such criterion was established based on the study presented in 
this paper. 

3 STURUCTURE OF THE STUDY AND THE SIMULATION 

MODEL 

 Study structure 

The study consists of three parts each with a separate target 
addressing the main goal. In the first part of the study, the main 
target was to analyze what kind of frequency deviations are 
obtained with three different response speed of traditional 
rotating machines. The requirements for the total change of 
output power were 3, 5 and 10 seconds, in which were selected 
from the practical point of view. In each case, PID-type speed 
controller were tuned to fulfill the time response requirements. 
All the cases and options were tuned independently. This 
analysis was done for ten islanding setups, which were 
parameterized to reflect different possible regional islanding 
scenarios. The results give boundaries for the relation of 
production imbalance and response speed of the output power 
of the generators, which should be fulfilled in order to restrict 
the frequency deviation within certain limits. 

In the second part of the study, the overall target was the 
same i.e. analysis of the frequency deviation obtained with 
different response speed of controllable power source. In this 
part the mechanical dynamics were bypassed. The assumption 
of bypassing electromechanical dynamics was considered  
justified in this case because it allows direct and much more 
rapid control of power output than traditional synchronous 
generators. This also provides a reference without dependency 

on the selected set of parameters describing the structure of the 
rotating machine and its controller. Furthermore, the approach 
was considered interesting due the fact that in the future it is 
likely that considerable amount of generating units and loads 
will be connected to grid through power electronic interfaces. 
The bypass of mechanical dynamics was executed by applying 
predefined torque curves directly to the generator with three 
different response types and speeds (3, 5 and 8 seconds). The 
types were normal and delayed ramp together with 
nonminimum phase response.  
Target of the third part of the study was to demonstrate how 
well controller optimized in a certain size of system would 
perform if the size of the system increases or decreases 
significantly. The method was to use frequency parameter 
settings, tuned specifically on certain size of the system, to two 
different sizes of system, one above and below compared to 
original, and analyze stability and electromechanical 
oscillations in the island. This was of interest due to fact that 
total rotational kinetic energy of the region deciding the size of 
the system is time-variant. 

 Simulation model structure 

The simulation model was established so that all the power 
system components were generic and the model was feasible 
for analysis of the main electromechanical dynamic phenomena 
in subtransmission network. Figure 2 illustrates the model 
which was used in all the simulations. The system comprises 
two synchronous generators, four identical transformers and 
two constant power loads. The lower generator in Figure 2 was 
equipped with turbine speed control and hydro turbine. The 
other synchronous generator operated at constant torque mode, 
which represented the production that did not participate on 
frequency control. 

Two loads are connected using 110/22 kV transformers. 
Fixed loads that are found in PSCAD master library are used. 
The loads were modelled as constant power loads and the 
reactive power of the loads was zero in every simulation. 

 

Figure 2. The model used in all the simulation sets. 

The upper load in Figure 2 was permanently connected to the 
bus. The load behind the circuit breaker can be used to represent 
the power imbalance at the time of islanding or to simulate an 
electromechanical dynamics within an island. The structure and 
the parameters of the model were chosen so, that by changing 



the parameters it was easy to reflect the main characteristics of 
different actual regions using the generic model.  

4 PARAMETERS SELECTED FOR THE STUDY CASE 

 Characteristics of typical regional network 

The selected generators represent a typical hydro power unit 
with an apparent power of 158 MVA (Andersson). The turn 
ratios of the four transformers were chosen to model typical 
Finnish regional network power system (Elovaara & Haarla 
2011).  

 Modelling synchronous generator, turbine and 

frequency controller and other power system 

components 

Figure 3 illustrates the turbine speed control and turbine 
schematic diagram of the lower generator illustrated in Figure 
2. The phase lead/lag transfer function models the effects of a 
penstock. 
 

 

Figure 3. The turbine speed control and turbine. 

Table 1 lists the values used in Figure 3. The first value of water 
starting time, TW was used in the first simulation set and the 
second value in the third set. In the third set, which emphasize 
the robustness of the system, a more rigorous value was used. 

Table 1.Parameters of the servos, turbine and block 
transformer depicted in Figure 3. 

 
 
Exciter used with both generators was the type ST2A. The 

kinetic energy of the rotating masses, apparent powers and 
inertia constants of the generators at the time of islanding were 
chosen so that they represent the potentially applicable regions 
for islanding in Finland. In general, the relative initial power 
flow conditions in all three parts were kept as similar as 
possible. 

 Variables between the sets 

The next four parameters were variables between the first, 
second and third simulation sets and the cases and options, 
respectively: 

1. The nominal  powers (Sn) and inertia constants (M) of 

the generators 

2. The parameters of the turbine speed controller (Kp, Ti 

and Td, all terms were bypassed in the second set) 

3. The amount of production imbalance (ΔPext,grid) 

4. Water starting time (Tw, bypassed in the second set) 

Water starting time was changed between the sets one and three 
because more accurate value became available.  

5 STUDY SCENARIOS AND RESULTS 

Assessing the effect of the variables depicted in chapter 2, it 
was justified to divide the simulations into the three 
independent simulation sets which were: 

A. Time response requirements for a predetermined 

increase and decrease of the output power of the 

synchronous generator in different islanding schemes 

B. Predefined torque curves to exclude the restrictions of 

using traditional generating units 

C. Effect of power control characteristics on frequency 

dynamics in various island sizes 

These three simulation sets are presented in following 
subchapters. 

 Time response requirements for the predetermined 

increase and decrease of the output power of the 

synchronous generator 

Five study scenarios were established based on four different 
inertia levels (M) for the studied region and by establishing one 
additional scenarios for 1000 MWs inertia level (M) by 
selecting two different levels of ΔPext,grid. For each scenario a 
certain level of imbalance ΔPext,grid between the region and 
external grid was chosen and certain level of generation Pgen and 
demand Pload accordingly. Additionally, for each scenario two 
cases were established by varying the apparent powers and the 
inertias of the two generators. The parameters for each scenario 
were chosen to reflect the characteristic of different regions and 
the impact of the characteristics on the dynamics of the island 
after disconnection from the rest of the power system. The 
frequency deviation results of the first set are presented in Table 
2. 
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Table 2. The results of the simulation set 1. 

 

The three second time response requirement was fulfilled in 
50 % of all the five cases, including both options, in which the 
production was smaller than the load at the time of islanding. 
The three second requirement was challenging to achieve 
mainly because of the nonminimum phase characteristics of 
waterways of hydro power plants. With the chosen total kinetic 
energy and imbalance combinations, the feasibility of 10 
second time response requirement was low because only one 
case, the 6000 MWs, of each options were able to fulfill the 
requirement. In those two options the production imbalance 
was 1.25 % of the total system inertia. It must be noted that the 
production imbalance was 1,25 % of the total system inertia 
also at the 400 MWs cases, but the 10 second time response 
requirement was not reached although it was close. 

Table 3 summarizes the frequency deviation distribution in 
the option 1 of all cases in which production was smaller than 
the load. The cases in which hold the information “too slow or 
fast requirement” are left out. It can be seen that Table 3 
summarizes the fundamental criteria needed in order to keep the 
frequency deviation between the selected frequency intervals. 

Table 3. Frequency deviation distribution of the option 1 
listed in all the cases in which production was smaller than 
the load. 

 

 
Table 4 summarizes the frequency deviation distribution in the 
option 1 of all cases in which production was larger than the 
load. 

Table 4. Frequency deviation distribution of the option 1 
listed in all the cases in which production was larger than 
the load. 

 
 

The slots which hold the text “too fast requirement” or “too 
slow requirement” in Table 2 means that the time criteria for 
the required power increase could not been fulfilled. The 
reasons can be divided into four different category: 

1. Δt = 3 s and “min” category: 

The increase of the power demand was too rapid for the 

generator equipped with speed control, which in the case 

of hydro power plant normally meant that penstock set the 

most severe restrictions for the rate of change of output 

power. The previous fact together with too small apparent 

power of the generator equipped with speed control 

compared to the production imbalance made it impossible 

to reach the requirement. In order to fulfil the power 

increase demand, mainly the proportional gain of the 

speed controller was increased, but at some point, before 

the specified power level was fulfilled, the system became 

unstable either already at the steady state or because of 

the electromechanical oscillations which led to instability 

after the islanding. 

2. Δt = 10 s and “min” category: 

The frequency of the both generators decreased as long as 

the the inequality Pm <Pe hold in the system. If the 

frequency deviation exceeded the critical point, the 

exciters ability to compensate the voltage decrease, came 

to its limit. The time needed to reach the critical point in 

these simulations was mainly a function of the total 

inertia, imbalance and the maximum exciter output 

Base load ± imbalance

f [Hz] min max min max

fmin/max, Δt = 3 s 48,0 51,9 too fast requirement too fast requirement

fmin/max, Δt = 5 s 46,7 52,9 46,7 53,0

fmin/max, Δt = 10 s too s low requirement too s low requirement too s low requirement too s low requirement

Base load ± imbalance

f [Hz] min max min max

fmin/max, Δt = 3 s 49,0 51,0 49,0 51,0

fmin/max, Δt = 5 s 48,1 51,8 48,1 51,8

fmin/max, Δt = 10 s too s low requirement too s low requirement too s low requirement too s low requirement

Base load ± imbalance

f [Hz] min max min max

fmin/max, Δt = 3 s too fast requirement too fast requirement 48,8 51,2

fmin/max, Δt = 5 s 47,7 52,1 47,6 52,1

fmin/max, Δt = 10 s too s low requirement too s low requirement too s low requirement too s low requirement

Base load ± imbalance

f [Hz] min max min max

fmin/max, Δt = 3 s too fast requirement too fast requirement 48,0 52,0

fmin/max, Δt = 5 s 46,1 53,5 46,1 53,5

fmin/max, Δt = 10 s too s low requirement too s low requirement too s low requirement too s low requirement

Base load ± imbalance

f [Hz] min max min max

fmin/max, Δt = 3 s too fast requirement too fast requirement too fast requirement too fast requirement

fmin/max, Δt = 5 s 48,7 51,3 too fast requirement too fast requirement

fmin/max, Δt = 10 s 46,9 52,9 47,0 52,9

Case 6000 MWs 3 s, 400 MVA / 4 s, 1200 MVA 6 s, 200 MVA / 3 s, 1600 MVA

600 MW ± 75 MW 600 MW ± 75 MW

Case 1000 MWs - 2 2 s, 50 MVA / 3 s, 300 MVA 1 s, 200 MVA / 2 s, 400 MVA

250 MW ± 25 MW 250 MW ± 25 MW

Case 1000 MWs - 1 2 s, 50 MVA / 3 s, 300 MVA 1 s, 200 MVA / 2 s, 400 MVA

250 MW ± 15 MW 250 MW ± 15 MW

Case 400 MWs 1 s, 25 MVA / 3 s, 125 MVA 2 s, 25 MVA / 2 s, 175 MVA

100 MW ± 5 MW 100 MW ± 5 MW

Case 100 MWs 2 s, 20 MVA / 2 s, 30 MVA 1 s, 10 MVA / 3 s, 30 MVA

20 MW ± 2.5 MW 20 MW ± 2.5 MW

Results
Option 1 Option 2 

Control gen. (H, Sn) / Constant gen. (H, Sn) Control gen. (H, Sn) / Constant gen. (H, Sn)

finterval ΔMW/MWs,tot [%]  Δt [s] for  ΔPgen= ΔPload f [Hz] Case [MWs]

- - - -

1,25 3 s 49,0 400

1,25 5 s 48,7 6000

1,25 5 s 48,1 400

2,50 3 s 48,0 100

1,5 5 s 47,7 1000-1

1,25 10 s 46,9 6000

2,50 5 s 46,7 100

2,50 5 s 46,1 1000-2

- - - -

49,25 50,0 < f 

48,5 < f  

47,75 < f 

47,0 < f   

46,25 < f  

45,5 < f  

44,75 < f 

finterval ΔMW/MWs,tot [%]  Δt [s] for  ΔPgen= ΔPload f [Hz] Case [MWs]

- - - -

1,25 3 s 51,0 400

1,25 5 s 51,3 6000

1,25 5 s 51,75 400

2,50 3 s 51,9 100

1,5 5 s 52,1 1000-1

2,50 5 s 52,9 100

1,25 10 s 52,9 6000

2,50 5 s 53,5 1000-2

- - - -

50,0 50,75 < f 

50,75 < f 51,5

51,5 52,2f 5 < 

52,25 3,0< f 5 

53,0 < f 53,75

53,75 < f 54,5



voltage. After the critical point, the exciters could not 

control the voltage at the 110 kV bus anymore and the 

system collapsed. 

3. Δt = 3 s and “max” category: 

The decrease of the power demand was too rapid for the 

generator equipped with speed control. The same reasons, 

regarding of the tuning results of speed controller, were 

same than in the first point but in with opposite direction 

of frequency change. 

4. Δt = 10 s and “max” category: 

Typically the frequency increased far above the 1.0 p.u. 

because of the slow decrease rate of the output power of 

the generator. In some cases the time criteria was fulfilled 

but the sluggish response of speed controller led to 

growing electromechanical oscillation and eventually to 

system collapse. 

 Predefined torque curves 

Three different predefined torque curves were applied 
directly to the generator. The torque curves were applied at the 
time of the islanding and all of the curves were defined so that 
the final, steady state torque value was reached within three 
different durations, measured as seconds from the start of the 
islanding. The torque curves represent 1) normal and steady 
ramp, 2) normal and steady, but 1 second delayed ramp and 3) 
nonminimum phase curve. The last curve illustrates a typical 
response of hydro power plant. Every case comprehended the 
three different ramps mentioned in the initial conditions and 
with the three different end point requirements. Frequency 
deviation results of the second part are presented in Figure 4. 

 

 

Figure 4. The results of simulation set 2. 

Overall the results in Figure 4 are logical and they show at 
the fundamental level on how the frequency deviation 
correlates with inertia and production imbalance. Frequency 
deviation can be kept within tolerable limits with 1.0 % and 
1.25 % of imbalances and with the 3 to 8 seconds normal type 
responses. Also, the same deduction is true with the 3 and 5 

seconds responses up to 2.0 % of imbalance. The results show 
how especially the nonminimum phase response causes 
intolerable  frequency deviations already from 1.25 % 
imbalance. With almost all of the 2.5 % and all of the 5.0 % 
imbalances cases lead to the frequency deviation, in which are 
clearly unacceptable. It is plausible that the results gives the 
right scale of the needed rate of change of the power related to 
power response curve type when the inertia [MWs] and the 
production imbalance [ΔMW] are as parameters. 

  Effect of power control characteristics on 

frequency dynamics in various island sizes 

The turbine speed controller was adjusted so that the 
frequency deviation criteria were fulfilled in the basic case. As 
the basic case, the 500 MWs system size was selected. Then the 
tuned parameters of the frequency controller were applied as 
such to the two different sizes of systems with different total 
kinetic energy of the rotating masses: one of which was smaller 
and one of which was larger than that of the basic case. This 
procedure was applied also to an another set of basic and two 
reference case combinations. Though similar approach, the 
cases depicted in Table 5 are not linked to each other but forms 
two separate studies. In Table 5 are the results of the first basic 
and the corresponding two reference cases and the second set 
of basic and the corresponding two reference cases, 
respectively. 

There are mainly two reasons why the reference cases are 
unstable, depicted as “unstable” in Table 5: 

1. The proportional gain was too high and the integral 

part was too low which lead to growing oscillations 

and the loss of stability. 

2. The proportional gain was too small and the integral 

part was too high which eventually lead to voltage 

collapse. 

Although the frequency deviation values are rather extreme 
and cannot be considered to represent actual regional islanding 
case, the results give basic understanding of robustness in a 
cases in which turbine parameter settings, which are tuned for 
a certain size of system, are applied on the two different sizes 
of systems. It came obvious that the controller parameters tuned 
for one size of a system are not easily, or at all, transferred to 
the clearly different sizes of systems. One major reason for this 
is that the tuning process was made by emphasizing the 
response speed of the output power of the generator at, by large 
extend, of the cost of the robustness of the system. At the 
fundamental level it can be seen from the results how the 
parameters of the turbine speed controller, mainly the 
proportional and integrator terms, can reduce the frequency 
deviation caused by the islanding. 

 



Table 5. The results of simulation set 3, part 1 and 2. 

 

 
 

 

6 CONCLUSIONS  AND DISCUSSION 

In this paper the results of three different approach assessing 
the robustness of the islanding is presented. Study methods 
presented in the paper offer an approach how robustness of an 
intentional islanding can be assessed based on the single value 
for screening studies (provided as a rule-of-thumb).  While the 
results give a high level selection criteria for feasible regions, 
further studies shall be conducted to identify the regions for the 
possible more detailed studies. However, it seems that the 
required combinations for robust island may be very rarely 
available because of the present market-based electricity 
generation allocation and configuration. 

The results showed that the frequency response stayed within 
tolerable limits when the total imbalance was maximum of 1.25 
% of the total kinetic energy of the rotating masses, i.e. very a 
narrow range of the studied combinations. The 3 second time 
response requirement was challenging to fulfill mostly due to 
the relative slow initial response speed of hydro turbine. In most 
cases the 10 second response requirement was too slow.  

In the second part the presumption was that the different 
response speeds were achievable partly because of future 
availability of fast controlled power electronics resources. The 
results show that with 1.0 % and 1.25 % of imbalances and with 
the 3 to 8 seconds normal type responses, the frequency 
deviation can be kept within tolerable limits. The same 

deduction is true with the 3 and 5 seconds responses up to 2.0 
% of imbalance. The results show how especially the 
nonminimum phase response cause unbearable frequency 
deviations already from 1.25 % imbalance. Almost all the 
results of 2.5 % imbalances cases lead to the frequency 
deviation beyond the tolerable limits. All of the 5.0 % 
imbalance lead to the frequency deviation, in which are clearly 
unacceptable. 

The third part showed that turbine speed control parameters, 
tuned for certain size of system, cannot be easily copied for 
different sizes of systems. Only 50 per cent of the reference 
cases were stable if the inertia of the island was doubled or if 
the inertia was reduced into less than a half.  

As the installed capacity of distributed resources is 
increasing, their role and possibilities of participating an 
islanding is getting more attention. The response speed and 
flexibility of controlling the output power of distributed 
generation is in many cases, at least with certain limits, 
considerably faster compared to the traditional generating units. 
This feature can be used to enhance the frequency response in 
connection of intentional islanding. However, as most of the 
distributed resources are connected to grid via inverter, the 
amount of rotating masses connected directly to grid is 
decreasing, which might impede the robustness of islanding if 
the feasibility of islanding has been assessed only considering 
the dynamics of traditional power systems including rotating 
machines and passive loads. Therefore, it seems obvious that in 

Control (H, Sn) / Constant (H, Sn) Control (H, Sn) / Constant (H, Sn) Control (H, Sn) / Constant (H, Sn)

Base load / change of the load Base load / change of the load Base load / change of the load

2 s, 75 MVA / 2 s, 175 MVA 2 s, 75 MVA / 1 s, 50 MVA 2 s, 75 MVA / 3 s, 283 MVA

100 MW / -5 MW 50 MW / -2 MW 200 MW / -10 MW

fmin [Hz] fmin [Hz] fmin [Hz]

Controller set 1_6 unstable

Reference 1_1:   

200 MWs

Controller set 1_4 unstable

Controller set 1_5 unstable

Controller set 1_2 43.3 Hz

Controller set 1_3 unstable

Controller set 1_1 47.6 Hz

Reference 1_1:   

1000 MWs

Controller set 1_5 47.90 Hz

Controller set 1_6 47.9 Hz

Controller set 1_3 48.1 Hz

Controller set 1_4 48.0 Hz

Controller set 1_1 unstable

Controller set 1_2 unstable

Controller set 1_:

 Kp = 1.6 ; Ti = 55 s
40.1 Hz

Controller set 1_:

 Kp = 1.83  ; Ti = 55 s
44.1 Hz

Controller set 1_:

 Kp = 1.72 ; Ti = 55  s
43.0 Hz

Controller set 1_:

 Kp = 2.35 ; Ti = 17 s
47.0 Hz

Controller set 1_:

 Kp = 2.05  ; Ti = 30  s
46.0 Hz

Results, part 1

Basic 1: 500 MWs

Controller set 1_1:

 Kp = 4.5 ; Ti = 6.0 s
48.2 Hz

Control (H, Sn) / Constant (H, Sn) Control (H, Sn) / Constant (H, Sn) Control (H, Sn) / Constant (H, Sn)

Base load / change of the load Base load / change of the load Base load / change of the load

3 s, 40 MVA / 4 s, 95 MVA 3 s, 40 MVA & 4 s,  20 MVA 3 s, 40 MVA / s 2, 440 MVA

54 MW / -5 MW  24 MW / - 2 MW  192 MW / - 10 MW

fmin [Hz] fmin [Hz] fmin [Hz]

Controller set 2_6 unstable

Controller set 2_4 unstable

Controller set 2_5 unstable

Reference 2_2: 

1000 MWs 

Controller set 2_2 unstable

Controller set 2_3 unstable

Controller set 2_1 47.5 Hz

Reference 2_1: 

200 MWs

Controller set 2_5 48.2 Hz

Controller set 2_6 48.1 Hz

Controller set 2_3 48.4 Hz

Controller set 2_4 48.2 Hz

Controller set 2_1 unstable

Controller set 2_2 48.4 Hz

Controller set 2_6:

 Kp = 2.06 ; Ti = 120 s
40.0 Hz

Controller set 2_4:

 Kp = 2.23 ; Ti = 50 s
44.1 Hz

Controller set 2_5:

 Kp = 2.2  ; Ti = 80 s
43.0 Hz

48.5 Hz

Controller set 2_2:

 Kp = 3.1 ; Ti = 13 s
47.0 Hz 

Controller set 2_3:

 Kp = 2.55 ; Ti = 22 s
46.0 Hz

Results, part 2

Basic 2: 500 MWs

Controller set 2_1:

 Kp = 10 ; Ti = 5.0 s



order to exploit a full potential of distributed resources in an 
islanding, the objective of robust islanding must be considered 
beforehand when clusters of distributed resources are taken into 
operation. 
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