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Abstract—This paper discusses the voltage rise due to PV 

installations connected to a low-voltage network. The 

connection of individual installations is studies for both single-

phase and three-phase connection. A stochastic method is 

presented to estimate the hosting capacity. This method is 

illustrated for random and coordinated connection of single-

phase installations. It is shown, in a number of ways, that the 

installation of large (e.g. 6 kW) single-phase connected units 

can easily result in unacceptable overvoltages. 

Keywords – solar power, electric power distribution, power 

quality; power-system harmonics 

I. INTRODUCTION 

The voltage rise due to the injected power is a major 
electrical barrier against the connection of large amounts of 
photovoltaic installations (PV) to the low-voltage (LV) grid. 
Especially for remote customers, the source impedance is 
predominantly resistive (with X/R ratios as low as 0.05). 
Already a relatively small amount of PV can result in 
unacceptable overvoltage. Reactive-power compensation is 
very ineffective as a means for voltage control in such 
networks [1][2][3] 

In Section II of the paper, a comparison is made between 
the voltage rise due to single-phase and three-phase PV 
connect to the LV grid. A database with source impedance for 
about 40 000 low-voltage customers has been used for the 
comparison. It is shown that the voltage rise is about six times 
as high for single-phase connection. For half of the 
customers, a single-phase-connected 6-kW PV would result 
in more than 3% voltage rise; for three-phase connection this 
would be the case for less than 1% of the customers. Statistics 
are also presented for the maximum PV size that would give 
less than 3% or 5% voltage rise. 

The hosting capacity, as a method of quantifying the 
impact of new production on the grid is discussed in Section 
III; a stochastic hosting-capacity approach is presented in 
Section IV and applied to a 28-customer low-voltage network 
in Section V and VI. 

A general discussion of the impact of overvoltages is part 
of Section VII of the paper. 

II. SINGLE OR THREE-PHASE CONNECTED PV 

A. Voltage rise 

The voltage rise, Δ𝑈 , due to a current 𝐼  with 
(displacement) power factor cos 𝜙 is in good approximation 
equal to: 

Δ𝑈 = 𝑅𝐼𝑐𝑜𝑠 𝜙 + 𝑋𝐼 sin 𝜙 (1) 

Where 𝑅 + 𝑗𝑋 is the relevant source impedance. For solar 
power, the power factor is close to unity. If we further assume 
that the voltage is close to the nominal voltage, the (relative) 
voltage rise due to an injected power 𝑃 can be approximated 
by the following expression: 

Δ𝑢 =
Δ𝑈

𝑈𝑛𝑜𝑚
≈

𝑅 ⋅ 𝑃

𝑈𝑛𝑜𝑚
2  (2) 

For a single-phase-connected installation, the resistive 
part of the earth-fault impedance should be used; for a three-
phase connected unit, the resistive part of the short-circuit 
impedance. The active power in (2) is the active power per 
phase; the voltage is the phase-to-neutral voltage. For a three-
phase connected installation, the rated power is three times 
the value per phase. 

 
Figure 1.  Probability distribution function (CDF) of the rise due to a 6-kW 

PV inverter: single-phase connected (left) and three-phase connected 

(right). 

The voltage rise has been calculated for single-phase and 
three-phase-connected installations with 6 kW injected 
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power, for each of the 40 000 customers of a Swedish 
distribution network operator. The voltage rise was calculated 
using a data base with the calculated source impedance for 
each of the customers. The results are shown in Figure 10The 
voltage rise is significantly less for a three-phase connected 
inverter than for a single-phase connected inverter. Not only 
is the injected power per phase just one third, also the short-
circuit impedance is less than the earth-fault impedance. The 
resistive part of the impedance, which matters for the voltage 
rise, is about twice as big for the earth-fault current as for the 
short-circuit impedance. The result is that the voltage rise for 
single-phase connection is about three time the rise for three-
phase connection. 

B. Locations with Large Voltage Rise 

For many customer locations, a 6-kW single-phase-
connected PV installation would result in unacceptable 
voltage rise. Table I shows the percentage of customer 
locations at which the voltage rise would exceed certain 
values, for both single-phase and three-phase connection. 

TABLE I. PERCENTAGE OF CUSTOMER LOCATIONS WITH VOLTAGE RISE 

EXCEEDING CERTAIN VALUES, UPON CONNECTION OF PV 

Acceptable voltage 3% 5% 10% 

Single-phase connection – 6 kW 51% 25% 4.6% 

Single-phase connection – 4 kW 30% 11% 1% 

Single-phase connection – 2 kW 6.4% 1% 0.03% 
Three-phase connection – 6 kW 0.5% 0.04% 0.03% 

 
For three-phase connection of 6 kW, a voltage rise above 

3% is unlikely. However, for single-phase connection the 
voltage rise will exceed 3% at half of the customer locations. 
For smaller single-phase inverters (2 kW, 4 kW) the number 
of locations with an unacceptable voltage rise will be much 
less. But even for a 2-kW single-phase inverter there are more 
such locations than for a 6-kW three-phase inverter. 

Instead of calculating the voltage rise for a given size of 
installation, one can calculate the installation size for a given 
voltage rise. Assume a maximum-permissible voltage rise, 
Δ𝑢𝑚𝑎𝑥, above which it is not allowed to connect a production 
unit. The hosting capacity is in that case the size of production 
unit that gives a voltage rise equal to the maximum-
permissible rise: 

Δ𝑢𝑚𝑎𝑥 =
𝑅 ⋅ 𝑃𝑚𝑎𝑥

𝑈𝑛𝑜𝑚
2  (3) 

The hosting capacity is obtained from the following 
expression: 

𝑃𝑚𝑎𝑥 =
Δ𝑢𝑚𝑎𝑥

𝑅
⋅ 𝑈𝑛𝑜𝑚

2  (4) 

Equation (4) is the active power per phase, so that it has 
to be multiplied by three for a three-phase installation. 
Statistical results, using the same dataset as in Figure 1, are 
shown in Figure 2. The figure shows that the hosting capacity 
is higher for three-phase connections. This corresponds with 
the earlier conclusion that the voltage rise is less for such a 
connection. 

 

 
Figure 2.  Probability distribution (CDF) for the hosting capacity with 
single-phase connected (left) and three-phase connected (right) 

installations; permitted voltage rise equal to 3% (blue solid) and 5% (red 

dotted). 

From the probability distribution shown in Figure 2, the 
number of customer locations with insufficient hosting 
capacity has been calculated. The results are shown in Table 
II. The trend is the same as in Table I: connecting a three-
phase inverter is possible almost everywhere. Connecting a 
6-kW single-phase inverter is not possible at many locations, 
but small single-phase inverters (2 or 3 kW) can be connected 
at many locations. 

TABLE II.  PERCENTAGE OF CUSTOMER LOCATIONS WITH INSUFFICIENT 

HOSTING CAPACITY TO CONNECT 2 KW OR 4 KW INSTALLATIONS, GIVEN A 

PERMISSIBLE VOLTAGE RISE FOR SINGLE-PHASE AND THREE-PHASE 

CONNECTION. 

Permissible voltage rise 5% 3% 5% 3% 

Required hosting capacity 2 kW 4 kW 

Single-phase connection 1% 6.4% 10.5% 30% 

Three-phase connection 0.00% 0.002% 0.002% 0.074% 

Required hosting capacity 3 kW 6 kW 

Single-phase connection 4.6% 17.8% 25.3% 50.6% 

Three-phase connection 0.002% 0.005% 0.04% 0.5% 

C. Discussion 

In this section it is confirmed that the voltage rise due to 
single-phase connected inverters is significantly higher than 
for three-phase connection. For many locations in a Swedish 
low-voltage grid, it will not be possible to connect a single-
phase inverter of 6 kW size. 

In the calculations it has been assumed that the three-
phase inverters have equal current in the three phases. This is 
however not always the case. Some three-phase inverters 
operate as single-phase (injecting power only in one phase) 
for small produced power. This should be considered when 
assessing the impact of larger three-phase inverters on the 
grid. 

In all calculations in this section, only one inverter has 
been assumed. A possible approach for considering multiple 
inverters is presented in Section IV and V. 

III. HOSTING CAPACITY 

A. History of the term 

The term “hosting capacity” was coined in the context of 
distributed generation by André Even in March 2004 during 
discussions within the integrated European EU-DEEP project 
[4][5]. An approach for quantifying the hosting capacity was 
developed further by others within that same project [6]. The 



term “hosting capacity” was already in use before 2004, but 
in rather different context, for example for internet servers 
[7], for watermarking of images [8] and for the settlement of 
refugees [9]. In sustainability studies, the term “ecological 
carrying capacity” is used as the capacity of an ecosystem (for 
example the earth) to support and sustain life [10]. 

Hosting capacity is now widely used as a term and as a 
methodology by network operators, energy regulators and 
researchers. Many studies have been done where the hosting 
capacity was calculated, especially for distribution networks 
and new production, for example as shown in [11]. The 
hosting capacity has also been used to quantify the impact of 
electric vehicle charging on the grid, for example in [12]. The 
basic hosting-capacity approach was later extended, among 
others to cover solutions like curtailment [5]. Studies towards 
estimating hosting capacity are common part of studies by 
large network operators as part of their strategies towards 
allowing the integration of more renewable electricity 
production into their electricity networks [13][14][15]. 

An important recent development in hosting capacity 
studies is the introduction of a stochastic approach [16][17] 
[18][19][20][21][22]. The stochastic element introduced 
concerns especially the unknown location of future PV 
installations in the distribution grid, but it can be extended to 
include other uncertainties. 

B. Definition and Aim of Hosting Capacity 

The hosting-capacity approach, for distributed 
generation, has been introduced as a transparent 
communication tool between stakeholders concerning the 
connection of distributed generation to the grid. The hosting 
capacity is defined as the amount of new production or 
consumption that can be connected to the grid without 
endangering the reliability or voltage quality for other 
customers [2, 25]. Essential to the approach are the selection 
of performance indices for the grid and acceptability limits 
for those indices. The hosting capacity is the amount of new 
production or consumption where the first performance index 
reaches its limit. This is illustrated in Figure 3 and Figure 4, 
for two cases involving new production. For example, the risk 
of overvoltage already increases with very small amounts of 
new production connected to a part of the grid with only 
consumption (like in Figure 3); the risk of overcurrent will 
initially decrease (like in Figure 4). In cases like in Figure 4, 
it sometimes makes sense to introduce a second hosting 
capacity value (HC1) at which the performance is the same 
as for the system without any new generation. 

 
Figure 3.  Hosting capacity approach, where the performance deteriorates 

already with small amounts of local generation. 

 
Figure 4.  Hosting capacity approach where the performance initially 

improves and only deteriorates with larger amounts of local generation. 

C. Uncertainties 

When determining the hosting capacity of the grid at a 
certain location or for a certain part of the grid, several 
uncertainties play a role. The uncertainty that is most 
discussed and studied is the variation of wind or solar power 
production with time. This is somewhat incorrectly referred 
to as “intermittent” and regularly (but somewhat 
unwarranted) mentioned as the main concern with integration 
of renewable electricity production. It is admittedly not 
possible to predict the solar or wind-power production 
accurately, more than a few days ahead (for most countries). 
Even prediction of a few hours ahead is often difficult. This 
limits the usefulness of wind and solar power as a 
dispatchable source of electricity. 

It is however possible, with a reasonable accuracy, to 
obtain probability distributions for the amount of solar or 
wind-power production at a certain location, from some basic 
information about the size of the installation. Weather data, 
often obtained over several decades with high accuracy, is the 
basis for the calculation of such distribution functions. Long-
term trends are most likely present in the weather, but their 
impact on the stochastic properties of wind and solar-power 
production is still expected to be smaller than the impact of 
other uncertainties. 

In a similar way, probability distributions and time series 
can be obtained for the consumption of individual customers 
or for groups of customers (from the load of a single 
distribution transformer, up to the consumption of a whole 
country). Time series over many years are rare, but the 
introduction of smart metering makes that data over periods 
up to a few years becomes increasingly available. 
Consumption patterns are prone to change, and likely faster 
than weather patterns, but not to the extent that the 
measurements become useless. 

Not all time variations in (renewable-electricity) 
production and consumption are uncertain. The daily and 
seasonal variations in solar-power production are very 
predictable, as an example. When studying solar-power 
integration for a limited part of the year (e.g., around noon 
during summer) the appropriate probability distribution 
function should be used. 

Next to the above-mentioned uncertainties, there exists 
another level of uncertainty. That kind of uncertainty which 
cannot be obtained from past measurements. Some examples 
(all related to small-scale solar power), are: 

i) Which customers will have a PV installation and how big 
will these installations be? 
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ii) Will these installations be three-phase or single-phase 
connected? 

iii) With single-phase connection: to which phase will it be 
connected? 

iv) What will be the direction and tilt of the panels? 
v) Will any of the panels follow the sun through single-axis 

or double-axis mounts? 
vi) What type of inverter will the installation have? Will it 

be one large inverter or a number of smaller inverters? 
vii) Will the installation have on-site storage or not? When it 

has on-site storage, what will its size be, which control 
algorithms will it use, and will the owner use the storage 
to participate in day-ahead and balancing markets? 

viii) Will the inverter be equipped with voltage and reactive 
power control? 

The answers to all of these questions would need to be 
known before an accurate estimation of the hosting capacity 
can be made. However, the answers will most likely not be 
known. Either an educated guess will have to be made or a 
stochastic approach is needed. 

D. Impacts on the Hosting Capacity 

The hosting capacity approach has been developed as a 
transparent approach aimed at enabling a more open 
discussion between the different stakeholders. That does 
however not imply that there is a unique value of the hosting 
capacity, as resulting from the calculations. 

The before-mentioned uncertainties all have their impact 
on the results of the calculations. In addition, the calculations 
themselves affect the results. Certain assumptions will have 
to be made and certain parameter values are needed. The 
choice of these assumptions and parameter values can have a 
big impact. Data, especially on the consumption patterns, is 
not always available when the studies are made and 
assumptions can have a serious impact. A sensitivity analysis 
is needed to evaluate if additional data collection and model 
development are needed. Alternatively, additional stochastic 
variables can accommodate for the uncertainty. 

What has an even bigger potential impact, and where no 
amount of data collection or model development may help, is 
the choice of the performance index and the limit (as shown 
in 0and 0). These choices depend strongly on the amount of 
risk that the stakeholders (especially the network operators 
and their customers) are willing to take. The lower the risk 
the network operators are willing to take, the lower the 
hosting capacity. 

IV. STOCHASTIC HOSTING-CAPACITY APPROACH 

A range of hosting-capacity studies are presented in the 
literature and more are being used in various studies without 
being published. The hosting-capacity-based approach 
proposed in [3][21][22] and presented here, consists of the 
following steps: 

i) Estimate the probability distribution function of the no-
load voltage in the low-voltage distribution network 
during those hours of the year that the production from 
solar power may be high. These are the voltage variations 
originating from the medium-voltage network, i.e. the 
voltage with the LV customers when both production and 
consumption are zero. 

ii) Estimate the range of the lowest consumption during 
those hours of the year that the production from solar 
power may be high. 

iii) Estimate the production per installation, during the 10-
minute period with the highest impact from all 
installations together. This is not the same as the 
maximum production per panel, but it can be referred to 
as an “after diversity maximum production”. 

iv) Add solar power installations in a random way and 
calculate the distribution of worst-case voltage with 
increasing amount of solar power. 

v) Define a performance index for the network, an 
appropriate limit for this index, and determine the 
hosting capacity. 

Probability distributions are used, for example for the 
consumption. These are not the same as the probability 
distributions obtained from time series. Instead, they are the 
range of values during those hours of the year that the worst-
case situation can occur. 

The result of the calculations is thus not the probability 
distribution of the voltage magnitude, but instead the 
probability distribution of the worst-case voltage magnitude. 
Alternatively, one may consider this as the probability 
distribution obtained over a range of possible futures, all with 
a different worst-case value.  

V. ILLUSTRATIVE EXAMPLE 

A. Low-Voltage Network used 

To illustrate the calculation of the hosting capacity in a 
stochastic way for planning purposes, a 28-customer 
suburban network in Northern Sweden, has been used. The 
same network has been used in [3][21], where the details of 
the network can be found. The network contains only 
domestic customers and both networks are three-phase all the 
way down to the customer. The customer has the possibility 
of connecting three-phase equipment and of spreading single-
phase equipment over the three phases.  

B. Probability Distribution of the Overvoltage 

The risk of overvoltage due to the introduction of single-
phase-connected PV has been studied for the 28-customer 
low-voltage network. The probability distribution for the 
highest voltage is shown in Figure 5 for increasing number of 
customers with PV. The following input data has been used 
for obtaining these distributions: 

 Each installation is connected single-phase and each 
installation produces 6 kW. Note that this is not a size 
that can be expected in practical cases. It was used 
however as a worst-case value in the study. More about 
this in Section III-D. 

 The consumption per customer per phase, during the 
worst case, is uniformly distributed between 0 and 250 
W. This range was obtained from measurements of 10-
min values of two customers (one in the rural network 
and one in the suburban network) and the study of hourly 
consumption from other customers. The worst case, 
when considering the risk of overvoltage, is when 
consumption is low and production is high. High 
production will likely last a period of one or two hours 
around noon. The regulation in most European countries 
sets limits to 10-min values of rms voltage. The lowest 



10-min consumption values during one or two-hour 
periods were considered to obtain the range from 0 to 
250 W. Only measurement values around noon during 
the summer months were used here. 

 The no-load voltage in the low-voltage network, during 
the worst case, is uniformly distributed between 238 V 
and 242 V. The highest 10-min values during one or two-
hour periods around noon in the summer months (as 
obtained from the same measurements) were used to 
obtain this distribution. 

All the random variables in the model are non-correlated. 
It is further assumed that the PV installations are randomly 
distributed over the customers and over the phases. The 
network model used is a simple, linear one, consisting of the 
node-impedance matrix calculated from the positive and 
zero-sequence series impedance of the different branches. 
Positive-sequence and negative-sequence impedances are 
considered equal. The difference between positive and zero-
sequence impedance is considered in the calculations. From 
the injected and consumed power for each customer and 
phase, a current vector is calculated. This vector is multiplied 
with the node-impedance matrix to obtain the vector with 
phase-to-neutral voltages for all customers and phases. All 
calculations are performed in Matlab. 

A Monte-Carlo simulation is used to generate a large 
number of combinations of customers and phases with PV. 
For each combination, the highest phase-to-ground voltage is 
calculated for each customer terminals. The probability 
distribution for this voltage is what is shown in Figure 5. In 
this case, each distribution was obtained from 10,000 
samples. 

 
Figure 5.  Probability distribution (cumulative distribution function) for the 
highest voltage (worst-case voltage) for increasing amount of single-phase 

connected solar power in the 28-customer suburban network. 

The plots show how the distribution shifts towards higher 
voltage magnitudes with increasing amount of solar power. 
The probability that the overvoltage limit (110% of nominal 
voltage) is exceeded increases because of this. Already for 
one customer with PV, there is a small probability that the 
voltage with one of the customers exceeds the overvoltage 
limit. 

C. Hosting Capacity Calculation 

An important advantage of the hosting-capacity approach 
is its transparency: a well-defined performance index is 
compared with a well-defined limit. In this example, the 90th  
percentile of the distribution shown in Figure 5 has been used 
as an index and 110% of nominal voltage as a limit. The index 
value with increasing amount of solar power is shown in 

Figure 6, where each point is the result of 100,000 
simulations. The results are shows for each of the 28 
customers. When one of the 90th  percentiles exceeds the 
110% limit for one of the customers, the hosting capacity has 
been exceeded. The hosting capacity is in this case equal to 3 
customers with PV. 

 
Figure 6.  90th percentile of the worst-case overvoltage as a function of the 

number of customers with PV in the 28-customer suburban network. 

D. Sensitivity analysis 

To illustrate how different parameters affect the outcome 
of the calculation, a sensitivity analysis has been done. The 
results of this are shown in Table III. The hosting capacity 
turns out to be most sensitive to the percentile used and to the 
produced power per installation. The value of the produced 
power used in the calculation depends on the size of the 
individual installations and on the spread in tilt direction and 
angle between the installations. Some specific studies, with 
more detailed models including this, are needed for a more 
accurate estimation of the hosting capacity. 

TABLE III. SENSITIVITY ANALYSIS OF THE HOSTING CAPACITY. 

Case Parameter 
Default 

Value 

New 

Value 

Hosting 

capacity 

0    3 customers 

1 
Produced power 

per installation 
6 kW 7 kW 2 customers 

2   5 kW 6 customers 
3   4 kW 11 customers 

4 Percentile  90th 95th 1 customer 

5   85th 5 customers 
6   75th  8 customers 

7 

load per 

customer per 
phase 

[0,250] W [0, 150] 3 customers 

8   [0, 350] 3 customers 

9 No-load voltage [238,242] V [240, 244] 2 customers 
10   [239, 243] 2 customers 

11   [237, 241] 4 customers 

12   [236, 240] 6 customers 

 

The impact of the inverter size (more correctly: the 
contribution per inverter during situations with large voltage 
rise) on the hosting capacity is shown in Figure 7. For 1 kW 
and 2 kW, all customers can install PV; the hosting capacity 
is equal to the number of customers (28). For inverters of 3 
kW and larger, the hosting capacity drops quickly. 



 

Figure 7.  Hosting capacity as a function of contribution per PV installation 

during the occurence of the worst-case overvoltage. 

VI. COORDINATED CONNECTION 

With coordinated connection, each inverter is connected 
to the phase with the lowest voltage before connection. This 
results is a kind of natural spread of the inverters over the 
three phases. 

The resulting distributions and 90th percentile values are 
shown in Figure 8, Figure 9 and Figure 10. Coordinated 
connection results in much lower overvoltages than random 
connection. For one customer, customer 24, the 110% limit is 
exceeded already for four customers with PV. However, the 
90th percentile remains constant slightly above 110% almost 
up to 28 customers with PV. Only for 24 customers with PV 
is the limit exceeded for a second customer as well. As the 
study is based on a number of assumptions, several of which 
result in an overestimation of the highest voltage, the 
conclusion could be that coordinated connection will likely 
keep the highest voltage below the 110%-limit.  

More studies are needed to find out what the practical 
limitations are of coordinated connection and to find any 
possible disadvantages with the method. 

 
Figure 8.  Probability distribution function for the highest voltage with the 

customers in the 28-customer network; coordinated connection of PV. 

 
Figure 9.  90th percentile of the worst-case overvoltage with the customers, 
for increasing amount of PV in the 28-customer network; coordinated 

connection. 

 
Figure 10.  90th percentile of the worst-case overvoltage with the customers, 

for 5, 9, 14, 19, 23 and 28 customers with PV (bottom to top) in the 28-

customer network; coordinated connection. 

VII. THE IMPACT OF OVERVOLTAGES 

As was shown in this paper, and as has been shown in 
many other papers, increasing amounts of PV, or any other 
type of distributed generation, connected to the distribution 
grid results in an increase in operational voltage during 
periods of high production and an increased risk of 
overvoltages. This has different consequences, the risks of 
which are carried by different stakeholders. 

The overall increase in operational voltages (like 10-min 
averages) gives an increase in shunt losses for some types of 
end-user equipment (low-voltage motors for example) with 
loss of life for them as a result. It will also give a higher 
electricity consumption (although the amount of increase 
remains unclear). For shunt capacitors, as are very common 
in modern electronics equipment, a higher voltage will give a 
higher current with higher operational temperatures and a loss 
of life of a result. A combination of higher voltages and 
higher voltage distortion (another possible impact of PV) 
could especially result in high currents through shunt 
capacitors. These risks are carried by all network users. 

The higher operational voltage also causes increased 
dielectric losses in cables and capacitor banks and increased 
shunt losses in transformers. The shunt losses in cables are 
very small so that this increase doesn’t matter. Capacitor 
banks are not very common in low-voltage networks and the 
voltage rise with the distribution transformer is small, so that 
this is not a serious issue. The increase in voltage would result 
in lower currents with a reduction in series losses as a 
consequence. This would be an advantage to the network 
operator. 

Higher operation voltage will also increase risk of short-
duration overvoltages, temporary and transient, that could 



damage equipment. This could damage equipment with all 
network users, but the risk is highest for those network users 
that have PV installed themselves and for neighbouring 
customers. 

When operational voltage exceeds 110% (or even when it 
comes close to that) PV inverters will trip on the overvoltage 
part of the islanding detection. Relevant is that with 
increasing level of 10-min average, the probability increases 
that a short-duration voltage (1 minute, 200 ms) exceeds the 
limits set by the islanding detection. In any case, the risk is 
carried by the PV owner.  

The tripping of the islanding detection on such 
overvoltages is, from a protection viewpoint, an unwanted 
trip. The aim of the protection is to avoid uncontrolled 
islanding. An unintended consequence is however that it 
avoids overvoltages. When more advanced islanding 
detection would be used (for instance active impedance 
estimation, a method with which many inverters are equipped 
already) the protection would no longer limit the 
overvoltages. 

When the islanding detection limits the overvoltage, PV 
installations further away from the transformers will be the 
ones that are tripped first. They take a higher risk. With 
increasing number of PV installations, the amount of time 
increases during which the installation will be disconnected. 
Over the years, the yield of the installations may thus reduce 
as more customers install PV. 

VIII. CONCLUSIONS 

The connection of PV installations to the low-voltage 
network results in a voltage rise. That voltage rise is much 
more severe (about 6 times) for single-phase connection than 
for three-phase connection. At many locations in a Swedish 
distribution network, a single-phase-connected 6-kW PV 
installation will result in an unacceptable voltage rise. 

A stochastic approach for estimating the hosting capacity 
is presented. The approach is illustrated for the connection of 
multiple 6-kW PV units to a 28-customer low-voltage 
network. It is shown that the hosting capacity is only 3 
customers. For smaller installation size, the hosting capacity 
increases fast: 11 customers for 4 kW; 20 customers for 
3 kW. 

Coordinated connection, where each new single-phase 
installation is connected to the phase with the lowest voltage, 
is shown to be effective in increasing the hosting capacity for 
single-phase PV. The method is worth additional studies. 

The rise in voltage due to PV has a number of advantages. 
The most noticeable is likely to be an increased probability 
that the installation will be tripped by the overvoltage 
protection that is part of the islanding detection of the 
inverters. 
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