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ABSTRACT 

The ongoing decentralization of the electrical energy sys-

tem due to distributed generation leads to an increased oc-

currence of unintentional electrical islands. By using real-

istic models of distributed generation units and electrical 

loads, simulations of the transition processes after grid 

disconnection are carried out. From the results of the sim-

ulations, parameters are derived that can be used for an 

objective evaluation and comparison of different islanding 

detection methods. For this purpose, undetected uninten-

tional electrical islands as well as the speed of successful 

islanding detections are analyzed by dynamic simulations 

and the individual Non Detection Zones. 

INTRODUCTION 

Nowadays, a considerable proportion of the electrical en-

ergy (38.2 % in Germany in 2017 [1]) is provided by re-

newable energy sources. These primarily decentralized 

generation units (DG) place high demands both on the re-

silience of the electrical grid and on the provision of ancil-

lary services. A further field of investigation, which has 

only developed as a consequence of numerous DG in dis-

tribution grids, is the field of unintentional electrical is-

lands [2], [3]. The term electrical island describes a state 

in which a part of the electrical supply system is separated 

from all upstream grids, but has an electrical power equi-

librium and thus does not become de-energized. If the dis-

connection took place with the aim of de-energizing the 

grid, the resulting electrical island is called unintentional. 

Unintentional electrical islands lead to numerous problems 

such as remaining voltage after disconnection, danger of 

asynchronous reconnections and possible exceeding of 

step and touch voltages due to a potential change in the 

neutral-point connection. 

Different island detection methods (IDM) have been de-

veloped for the detection and disconnection of uninten-

tional electrical islands and some of them are already used 

in the grid [4]. In tests that are used to evaluate IDM, an 

RLC parallel circuit is usually realized as load [5]. This 

load arrangement is assumed the worst-case requirement 

for testing IDM due to its resonant circuit behavior. The 

real voltage- and frequency-dependent load behavior, 

however, has already been determined for entire sub grids 

[6] and shows a different behavior than previously as-

sumed in the tests. Therefore, it shall be investigated 

whether the RLC load represents a suitable model for the 

evaluation of the effectiveness of IDM. 

Furthermore, it has been very difficult so far to achieve ob-

jective and comparable evaluations of the IDM. For this 

reason, novel comparison criteria are developed which en-

able an evaluation and comparison of the effectiveness and 

speed of different IDM. 

SIMULATION ENVIRONMENT 

Distributed Generation via Power Converter 

DGs, which are connected to the electrical grid via power 

converters, generally have no grid-forming abilities and do 

not regulate voltage or frequency. Instead, an attempt is 

made to achieve the highest possible financial reimburse-

ment by delivering the maximum possible active power 

pref, depending on the availability of the primary energy 

source. Depending on the applicable connection guidelines 

and the specifications of the network operator, many sys-

tems must provide additional reactive power for static volt-

age support. This can be requested both as a fixed absolute 

value and in the form of characteristics [7], [8]. For the 

following investigations, the reference value qref of the DG 

reactive power is assumed constant. No significant change 

in the reference value is to be expected during the transi-

tion period under consideration (5 s), since the specifica-

tions for static voltage support generally require slow 

changes in order to avoid instabilities. 

Recent inverter technology is mainly based on the use of 

IGBTs and pulse width modulation (PWM) [9]. This al-

lows a large degree of freedom in the operation of the sys-

tems and the adaptation to different connection regulations 

and application areas. The basic control schema used in 

this study is shown in Fig. 1 using per unit values. The con-

trol is implemented in dq components. The PWM is con-

trolled with the modulation signals md and mq for d- and q-

axis. 

 

Fig. 1: Control schema of the inverter 
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Frequency-Dependent Active Power Reduction 

If the frequency in the interconnected system increases, 

this is usually an indication of an active power surplus. The 

current technical connection guidelines in Germany [7], 

[8] therefore require a reduction of the fed-in active power 

above 50.2 Hz. This behavior is described by (1) and 

causes a reduction in power of 40 %/Hz. The reduction re-

fers to the instantaneous active power PM at the moment of 

exceeding 50.2 Hz. The pref reference value is thus ad-

justed by ∆PDG, as is also illustrated in Fig. 1. The active 

power reduction is called P( f )-specification in the follow-

ing. 

∆𝑃DG = {

0 𝑓 ≤ 50,2 Hz

20 ⋅ 𝑃M ⋅
50,2 − 𝑓 Hz⁄

50
𝑓 > 50,2 Hz

 (1) 

Decoupling Unit 

In accordance with the technical guidelines, each DG has 

a decoupling unit (DU) [7], [8]. The DU has the task of 

disconnecting DG from the mains if voltage or frequency 

thresholds are violated. Assuming that the examined DGs 

are connected to the medium-voltage distribution network, 

the setpoints and delay times in Table 1 can be assumed. It 

can be seen that the switch-off times in the case of under 

voltage are comparatively long due to the required fault 

ride through (FRT). 

Table 1: Setpoints for the decoupling unit 

criteria setpoints t in ms 

f> 51.5 Hz 40 

f< 47.5 Hz 40 

U> 1.15 Ur 40 

U< 0.80 Ur 1500 

U<< 0.45 Ur 300 

Electrical Loads 

In this study, two different types of electrical loads (EL) 

are used to illustrate the influence on electrical islands. 

Electrical Load Model EL_RLC 

The first load model represents a parallel circuit with R, L 

and C (EL_RLC). It is used in most studies and standard 

tests to assess the performance of IDM [5]. The inductive 

and capacitive reactive powers QL and QC can compensate 

without any contribution from the DG or the upstream net-

work. Therefore, only active power feed-in by the DEA is 

required to maintain islanded operation. 

Electrical Load Model EL_REA 

The second load model represents the behaviour of entire 

low-voltage grids. It was determined with extensive meas-

urements and was developed in [6] (EL_REA). The volt-

age- and frequency-dependent active and reactive power 

are described with (2) and (3). 

The model parameters taken from the same literature are 

listed in Table 2. Only the change in reactive power ∆Q 

has a dependency on U and f in (3). Thus, with this EL 

configuration, a compensated (Q0 = 0) as well as an induc- 

𝑃LM(𝑃0, 𝑈, 𝑓) = 

𝑃0 ⋅ (
𝑈

𝑈0
)
𝑘𝑝𝑢

⋅ (1 + 𝑘𝑝𝑓 ⋅ (
𝑓 − 𝑓0
𝑓0

)) 
(2) 

𝑄LM(𝑄0, 𝑃0, 𝑈, 𝑓) =  

𝑄0 + 𝑃0 ⋅ (𝑘𝑞𝑢 ⋅ (
𝑈 − 𝑈0
𝑈0

) + 𝑘𝑞𝑓 ⋅ (
𝑓 − 𝑓0
𝑓0

))
⏟                        

Δ𝑄(𝑈, 𝑓)

 (3) 

tive (Q0 > 0) or capacitive (Q0 < 0) electrical load for the 

operating point (U, f ) = (U0, f0) can be modelled by select-

ing the parameter Q0. As in real grids, the characteristic of 

the load (inductive, capacitive or compensated) can there-

fore change with voltage or frequency changes. 

Table 2: Load Model Parameters 

kpu kpf kqu kqf 

1.46 0.10 0.91 -1.35 

Islanding Detection Methods 

Three different IDM have been implemented in the decou-

pling unit to be able to test the effectiveness of novel com-

parison criteria 

 U and f Thresholds (D_VFT) 

The voltage and frequency thresholds of the DU in 

each DG enable this basic IDM. 

 Frequency Shift (D_FS) 

The method D_FS is actively trying to shift the fre-

quency of the network and to violate the decoupling 

unit thresholds by injecting a current with a modified 

frequency [4]. 

 Insertion of Impedance (D_IIM) 

In order to disturb the power balance in an electrical 

island, an impedance is inserted in this IDM briefly af-

ter each switching that could lead to an island [10]. 

ANALYSIS OF THE NON DETECTION ZONE 

For different generation and load combinations (see 

Fig. 2), simulations of unintentional electrical islands are 

carried out. Not only perfectly balanced cases with ∆P ≈ 0 

 

Fig. 2: Examined test grid 
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and ∆Q ≈ 0, but also larger differences in active and reac-

tive power between DG and EL are taken into account. At 

t = 0 s the connection to the upstream grid is opened. Cases 

in which an electrical island cannot be terminated within 

5 s are assigned to the Non Detection Zone (NDZ). This is 

shown schematically in Fig. 3. In order to be able to com-

pare different IDM with each other, resilient and univer-

sally valid comparison criteria are required. Therefore, two 

new parameters are derived from the NDZ. 

The first parameter ANDZ IDM describes the size of the NDZ 

and therefore the effectiveness of IDM. The parameter is 

given by (4). The number of undetected simulation cases 

is added up to NNDZ. The total area of the NDZ, ANDZ IDM, 

is determined by multiplying NNDZ by the simulation step 

sizes pstep and qstep (see pattern in Fig. 3). 

𝐴NDZ IDM = 𝑁NDZ ⋅ 𝑝step ⋅ 𝑞step (4) 

In order to evaluate the improvement achieved by an IDM, 

the parameter size of NDZ (short SINDZ) according to (5) 

can be used. Here ANDZ IDM is normalized to the value of 

the standard IDM of the decoupling unit (in this case 

D_VFT). Accordingly, D_VFT is assigned SINDZ = 1.0 and 

additional IDM must reduce SINDZ as much as possible. 

𝑆𝐼NDZ =
𝐴NDZ IDM

𝐴NDZ ref

 (5) 

The average detection time tD IDM is the second parameter 

and is a measure of how fast successful detections have 

been. For this, the cumulative distribution of all electrical 

island disconnections F(t) within the specified 5 s is re-

quired, as shown exemplarily in Fig. 4. With F(5 s) as 

limit, tD IDM can be calculated with (6) using the time area 

of detections that have not yet taken place. This time area 

equates to the orange area in Fig. 4. With (7) this parame-

ter can be normalized to a reference time to obtain the di-

mensionless parameter time of detection (TINDZ). Addi-

tional IDM must reduce SINDZ and, if possible, TINDZ. 

 

𝑡D IDM =
∫ (𝐹(5 s) − 𝐹(𝑡) )d𝑡
5 𝑠

0

𝐹(5 s)
 (6) 

 
𝑇𝐼NDZ =

𝑡D IDM

𝑡D ref

 (7) 

 

 

Fig. 4: Generic cumulative distribution for tD IDM 

SIMULATION AND RESULTS 

Using the circuit from Fig. 2, simulations were carried out 

for various combinations of EL and IDM according to the 

scheme in Fig. 3. 

Influence of the Load Model 

The NDZ for D_VFT are shown in Fig. 5. In the NDZ di-

agram, each of the colored squares represents the result of 

a single simulation, where the step size for pstep and qstep is 

1 % each. If the electrical island could be detected and 

switched off within 5 s after separation from the upstream 

network, the switch-off criterion is given in Fig. 5 and the 

detection time in Fig. 6. 

For EL_RLC without additional IDM (i.e. only D_VFT) 

the NDZ in Fig. 5a is obtained. It can be seen that only a 

small NDZ occurs for this load model, which is also used 

in the standard tests of IDM. In this combination, the P( f )-

specification means that situations can be detected that 

would otherwise lead to an unintentional electrical island 

with constant active power. Since the active power must 

be reduced at f > 50.2 Hz, the voltage in the electrical is-

land drops considerably. The reason for this is the power 

consumption behavior of the resistor with 𝑃R  =  𝑈
2/𝑅, 

which in turn lowers the voltage proportional to √𝑃R when 

the fed-in active power is reduced. This leads to the under 

voltage criterion being reached in additional combinations 

with QL > QC. 

Using the new load model EL_REA, the NDZ in Fig. 5b 

results. In this case, the NDZ is considerably larger than 

with EL_RLC. This also confirms the assumption that ex-

clusive tests with the load model EL_RLC are not suffi-

cient to prove the effectiveness of IDM. The self-regulat-

ing effect due to the voltage and frequency dependence of 

real EL can therefore cause a stabilization of unintentional 

electrical islands and thus EL_REA represents the most 

critical load situation. In this constellation, the P( f )-spec-

ification leads to a considerable enlargement of the NDZ. 

In numerous situations in which the over frequency pro-

tection normally would have reacted, unintentional electri-

cal islands can no longer be detected by D_VFT. If the fre-

quency exceeds 50.2 Hz, PDG is reduced. This causes the 

voltage in the electrical island to drop following (2), simi-

lar to the voltage behavior already described for EL_RLC. 

 

Fig. 3: Schematic Non Detection Zone (NDZ) and exemplary 

pattern of single simulations 
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With EL_REA, however, the frequency drops simultane-

ously with the voltage. The reason for this relation can be 

seen in (3). Since QLM changes proportionally to the volt-

age, the reactive power balance in the electrical island can 

only be restored by a decrease of frequency. This means 

that the P( f )-specification can indirectly counteract a fre-

quency increase and unintentionally lead to stabilization. 

In most cases, the switch-off occurs very quickly within 

the first second after disconnection from the upstream net-

work as can be seen in Fig. 6. A distinctive exception are 

constellations in which the disconnection is triggered by 

the under voltage criterion. Due to the requirement of the 

FRT, longer switch-off times in the range of 1.5 s inevita-

bly emerge. 

Evaluation of Islanding Detection Methods 

Fig. 7 shows the cumulative distributions of detection 

times for all examined IDMs and for both EL models. In 

addition to the effectiveness of IDMs after 5 s, the differ-

ent detection times can be compared. The evaluation pa-

rameters of the investigated IDM resulting from these cu-

mulative distributions are shown in Table 3. 

Detection with D_VFT 

The reference parameters with D_VFT and without addi-

tional IDM are ANDZ ref = 924 sq% (square percentage as 

derived from (4)) and tD  ref = 257 ms with EL_RLC. 

EL_REA on the other hand results in ANDZ ref = 4208 sq% 

and tD  ref = 345 ms. 

Comparison of the IDM 

With the normalized comparison parameters SINDZ and 

TINDZ in Table 3, a quantitative evaluation of the IDM can 

be done. With EL_RLC, both additional IDMs are able to 

prevent all unintentional electrical islands. In addition, 

D_FS enables the detection time to be halved. 

In the case of EL_REA, the larger area of the NDZ shows 

that this is the more critical load type. With both additional 

IDMs, a significant reduction of the NDZ can be achieved, 

but numerous generation and load combinations remain 

that cannot be detected. With D_FS, the detection times 

can also be shortened for this load type, but to a lesser ex-

tent than in case of EL_RLC. 

Table 3: Comparison criteria for examined IDM 

EL_RLC 

IDM 
ANDZ in 

sq% 
SINDZ tD in ms TINDZ 

D_VFT 924 1.00 257 1.00 

D_FS 0 0 132 0.51 

D_IIM 0 0 371 1.44 

EL_REA 

IDM 
ANDZ in 

sq% 
SINDZ tD in ms TINDZ 

D_VFT 4208 1.00 345 1.00 

D_FS 1126 0.27 250 0.72 

D_IIM 2496 0.59 586 1.70 

 

 
a 

 
b 

Fig. 5: Non Detection Zones with D_VFT and different load 

models a with EL_RLC, b with EL_REA 

 
a 

 
b 

Fig. 6: Detection times with D_VFT and different load models 

a with EL_RLC, b with EL_REA 
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Detection with D_IIM 

With D_IIM, however, the average detection time tD in-

creases. Although this IDM reduces the NDZ, the addi-

tional disconnection of the unintentional island is delayed 

in many cases because the impedance was only switched 

on after 2.5 s in this investigation as can be seen in Fig. 7. 

However, a faster switching process could unintentionally 

stabilize already unbalanced power balances, which would 

lead to a tripping by the under voltage criterion, and should 

therefore be avoided. As can be seen from SINDZ, the 

switched impedance was not large enough to prevent every 

unintentional electrical island. 

CONCLUSION 

A new evaluation procedure has been developed which al-

lows the effectiveness and speed of various IDM to be 

compared objectively and under identical conditions. Sim-

ulations have been carried out to investigate the effective-

ness of different IDM. Two new parameters, SINDZ and 

TINDZ, have been introduced to measure the size of the 

NDZ and the speed of the island detection. 

It was shown that additional IDM lead to significant im-

provements in the behavior in case of unintentional elec-

trical islands. At the same time, however, it could be 

shown that there are certain EL and DG combinations for 

all IDM, which lead to a detection being impossible. The 

RLC-parallel-circuit, which was assumed the worst-case 

in previous studies, was in fact not the most critical load in 

any situation. Due to the required reduction of active 

power at frequencies above 50.2 Hz, cases with the load 

model obtained from measurements in real grids are sub-

stantially more critical. It must therefore be noted that the 

current test methods do not reflect the worst-case condi-

tions for unintentional islanding. 

In future investigations, the comparison criteria presented 

here should be applied with more different IDM and larger 

grids. In particular, investigations with complete distribu-

tion grids with distributed generation units can lead to a 

better understanding of unintentional electrical islands. 
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Fig. 7: Cumulative distributions for different islanding detec-

tion methods a with EL_RLC, b with EL_REA 


