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Abstract - The shortage of non-renewable energetic resources allied 

with the toll they take on the environment have raised awareness 

in green renewable sources of energy. Following this trend, 

Portugal has established legislation to benefit consumers who 

produce energy locally, through renewable resources, for further 

auto consumption or supply to the electrical grid. However, power 

networks were designed to be passive and the insertion of 

distributed generation (DG), such as solar panels, changed the 

dynamics of these systems. The power flow ceased to be strictly 

from the large centralized power plants to the consumers, instead 

it began to flow also at the distribution grid level, between 

consumers. Moreover, DG technologies use non-linear devices, 

like inverters, which disturb the voltage wave shape and may 

compromise the entire power system. In order to regulate this 

threat, norms such as the NP EN 50160 have been written to define 

the voltage characteristics and impose limits on the main power 

quality indicators. In a surrounding of continuous DG growth, it’s 

critical to know if the networks are prepared to host all these new 

sources of power. Therefore, the goal of this work is to assess the 

impact that the photovoltaic DG has on the power quality and 

calculate the system’s hosting capacity, ie, the amount of power it 

can accommodate while keeping the quality indicators within an 

acceptable range. In order to achieve the proposed objective, two 

distinct methodologies to calculate the hosting capacity are 

presented. At the end of the work, on the case study, these two 

methods are implemented on a real low-voltage network using 

data from local measuring and simulation.  
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I. INTRODUCTION 

At the end of the 20th century, the perception that traditional 
sources of power such as coal, oil and gas are finite resources 
lead to a global change on the energetic state-of-mind. The need 
to generate non-polluting energy and guarantee a sustainable 
future resulted on the advent of renewable energies like 
hydropower, wind power and solar power. Being Portugal a 
country with good conditions for renewable exploration allied 
with the tax incentives given by the government have made the 
renewable production grow year after year, as it can be seen in 
Figure 1. The major growth was on the wind power, whose 
installed power experienced a raise of about 3 GW from 2007 to 
2016. However, the source of energy that experienced a greater 
relative growth, on the same period, was photovoltaic which 
grew from residual installed power to 463 MW [1]. Despite 

being an irrelevant value in the energetic mix, experts believe it 
has a tremendous potential and will develop to be one of the 
renewable promises of the coming years. Following this belief it 
is critical to get to know photovoltaic energy and, due to that, the 
aim of this work is to delve on the distributed photovoltaic 
generation. 

Distributed Generation meaning it’s not consensual among 
authors. In this paper, the adopted convention is that DG is 
related to the generation of electricity near the loads and 
connected to the low-voltage (LV) network. This topic will be 
approached on chapter 2. 

The insertion of DG changed the dynamics of the traditional 
power systems with power flowing between consumers or even 
flowing up the grid. Furthermore, the fact that DG technologies 
use non-linear devices posed new challenges to the power 
quality (PQ) control. The operation of PV systems and the toll 
they take on PQ will be discussed on chapter 3. 

After understanding how DG impacts the LV networks, it’s 
important to know how much power can be connected while 
keeping PQ within an acceptable range. In this sense, the hosting 
capacity (HC) concept is defined and two methods for its 
calculation are presented. This will be done in chapter 4. 

In order to give some real consistence to this analysis, in 
chapter 5 a case study will be presented. The focus of this work 
was to apply the HC methodologies to a real network using data 
from simulation and local measuring. 

Finally, in chapter 6, the main results obtained are presented 
and some general conclusions are stated. 

 

Figure 1 – Evolution of Renewable Installed Power in Portugal [1]. 



II. DISTRIBUTED GENERATION 

In the typical Power System, energy is generated in big 
power plants far from the consumers for technical and economic 
reasons. This energy would then travel in multiple networks of 
decreasing voltage levels and finally reach the consumers. This 
structure guaranteed scale economy, reliability, safety and 
quality on the delivering due to a centralized control. This 
configuration was called Centralized Generation (CG) and can 
be seen in Figure 2. On the bottom of the figure, are also 
represented the renewable sources of energy and how they 
interconnect with the existing system. The orange arrows, in 
particular, represent the DG which is connected directly to LV 
networks.  

 

The trade-off between DG and CG is presented below.  

Advantages 

 Generates energy close to consumption, reducing 

losses and diminishing power-flow; 

 Avoids or delays investments on the distribution 

network and in new substations; 

 It is environment-friendly; 

 Reduces de dependence of the CG; 

 Opens the energetic market and may represent a good 

commercial opportunity. 

  

Disadvantages 

 Raise of complexity in the operation and planning of 

the Power System; 

 Poses new challenges on the system’s maintenance 

and on the coordination of protections; 

 Impact on the PQ by disturbance of the wave shape. 

May generate voltages/frequency variations, 

harmonic distortion, flicker, among others; 

 Intermittent generation, since the existence and 

consistency of sun/wind aren’t controllable; 

 Possible high amortization time. 

 

A. Evolution of DG in Portugal 

From 2007 to 2014, the Portuguese regime for DG was called 

microproduction or miniproduction depending on the amount of 

installed power. Due to sponsoring and tax incentives, during 

this period, DG experienced a growth over 5000%. 

Microproduction, for instance, grew from 527 units (1,8 MW) 

to 28.288 units (102 MW), as seen in Figure 3. Today, there are 

nearly 200 MW of installed DG, which produce over than 250 

GWh per year – Figure 4. 

In 2014, the presented regimes were revoked and two new 

regimes were instated: UPP – Units for Small Production and 

UPAC – Units for Production and Auto-Consumption. Some 

changes to the technical specifications and permissible installed 

powers were made, however the most significant adjustments 

were made on the remuneration system. Whilst on the previous 

regimes all the produced energy was sold to the grid at higher 

rates than the acquisition price, on the new regimes these rates 

became much less attractive and only the energy that was not 

consumed in the installation can be sold to the grid. 

This was a political decision that had immediate effect on the 

DG growth as it can be seen in the last two years of Figure 1 and 

Figure 2. 

 

III. PHOTOVOLTAIC SYSTEM 

In this chapter the general operation of a PV System is 
explained and the main concepts are presented. Additionally, the 
components and subsystems as well as the most common 
configurations of PV systems are also discussed. Subsequently, 
an analysis of the NP EN 50160 is done regarding the PQ 
indicators and their permissible variations. At last, the influence 
that the PV systems have on the PQ is assessed. 

Figure 2 – Power System. 

Figure 3 - Evolution of DG Installed Power [1]. 

Figure 4 - Evolution of DG Yearly Production [1]. 



A. Concepts and Operation 

It is called photovoltaic energy to the energy obtained by 
converting solar radiation into electricity by means of PV cells. 
These cells are made of silicon which is doped in order to create 
a p-n junction. The "p" (positive) side contains an excess of 
holes, while the "n" (negative) side contains an excess of 
electrons. This difference allows the establishment of an electric 
field between both sides. When a photon hits this cell with 
enough energy, the electron is excited and a current starts to 
flow, thus generating electricity [2]. 

The amount of produced power varies along the diode 
characteristic (Figure 4) and depends on numerous factors being 
the radiation level and the temperature the most significant 
(Figure 5). However, it also depends on more controllable 
factors, such as the cables thickness, the inverter or battery 
efficiency and the charge controller characteristics. Typically 
the efficiency of silicon cells is about 16%, using more 
expensive materials efficiencies can go as high as 28%.  

 

B. Components and Configurations 

One PV cell has an average power output of 1,5 Wp1 which 

corresponds to a voltage of 0,5 V and a current of 3 A. In order 

to obtain bigger powers, cells are connected in series and/or 

parallel creating modules (50 to 100 Wp). These modules are 

then connected between themselves becoming what is known 

as a solar panel. Following this logic, a module can be defined 

as a set of NPM branches connected in parallel where each 

                                                           
1 Wp means Watt-peak – unit that measures the peak power, 

which is the maximum power in the standard conditions, ie, 

contains NSM PV cells connected in series. This representation 

is presented in Figure 6 and the equivalent voltage and currents 

are expressed in equations (1) and (2). 

 

 𝑉𝑚ó𝑑𝑢𝑙𝑜 = 𝑉𝑐é𝑙𝑢𝑙𝑎 × 𝑁𝑆𝑀 (1) 
 

 𝐼𝑚ó𝑑𝑢𝑙𝑜 = 𝐼𝑐é𝑙𝑢𝑙𝑎 × 𝑁𝑆𝑀 × 𝑁𝑃𝑀 (2) 

 

Regardless of the importance of the PV cells, there are also 

other components without which, the PV system cannot 

function. These are called globally as Balance of System (BoS) 

and include the following: 

 

 Inverter (DC-AC); 

 Storage Systems (Batteries); 

 Charge Controllers; 

 Solar Tracker or Maximum Power Point Tracker. 

 Measuring Instruments; 

 Power Counter; 

 Cables, switches, structures. 

 

The PV systems can be classified in two types: 

 

Off-Grid: Not connected the distribution grid, need to use 

batteries. Used in remote locations for auto-consumption.  

Grid-Tie: Connected to the distribution network, need 

counters. 

C. Power System and Control System 

PV systems can be divided in two subsystems: one 
responsible by the generation and conversion of power and the 
other responsible by keeping the voltage and current within the 
required limits to the correct behaviour of the system. 

In the power system, the two most significant components 
are the converter and the inverter. The role of the first one is to 
raise the voltage output of the PV to the working voltage of the 
inverter.  

incident radiation of 1000 W/m2 and cell temperature of 25 

Celsius degrees. 

Figure 5 - P-N Characteristic [7]. 

Figure 6 - Radiation and Temperature Influence. 

Figure 7 - PV Module [2]. 



The converter receives a DC voltage and, by means of an 
electronic circuit, converts it to a higher DC voltage while trying 
to keep the current close to its average value. Normally a 
variation of 5-10% is acceptable. This voltage is then received 
by the inverter, which englobes a set of transistors that allows it 
to convert the DC voltage to AC, ready to flow on the electric 
grid. The PV system and its interface with the grid is represented 
by Figure 8. 

 

  

D. Power Quality Metrics 

As seen before, insertion of DG in distribution networks 

affects the power quality. This happens because of the presence 

of non-linear devices, such as converters and inverters that alter 

the voltage wave shape. In order to regulate this threat and unify 

de legislation amongst several European countries, NP EN 

50160 was written. This norm defines the main characteristics 

of the voltage supplied by public distribution systems. This way, 

PQ became quantifiable and comparable between any two 

power systems. In the subtopics below the PQ indicators and 

their limits are defined [3]. 

 

1) Voltage Variations 

For three-wire three phase systems, the standard nominal 

voltage for public LV is 230 V between phases. The norm 

specifies that during each period of one week, 95% of the 10 

min mean RMS values of the supply voltage shall be within 

the range of ± 10%. 

 

2) Flicker 

Under normal operating conditions, in any period of one 

week the long term flicker severity caused by voltage 

fluctuation should be less or equal than 1 for 95% of the time. 

 

3) Frequency Variations 

The nominal frequency of the supply voltage shall be 50 Hz. 

Under normal operating conditions the mean value of the 

fundamental frequency measured over 10 s shall be within a 

range of 49,5 Hz and 50,5 Hz during 99,5% of an year. 

 

4) Harmonics 

Under normal operating conditions, during each period of one 

week, 95% of the 10 minute mean RMS values of each 

individual harmonic voltage shall be less than or equal to the 

value given in Table 1. Moreover, the Total Harmonic 

Distortion (THD) of the supply voltage shall be less than or 

equal to 8%. THD is defined in (3). 

 

 
𝑇𝐻𝐷(%) =

√∑ 𝑈ℎ
2∞

ℎ=2

𝑈1

× 100 (3) 

 

 

5) Voltage Unbalance 

Under normal operating conditions, during each period of one 

week, 95% of the 10 minute mean RMS values of the 

negative phase sequence component of the supply voltage 

shall be within the range 0 to 2% of the positive phase 

sequence component. In some areas unbalances up to 3 % 

occur. 

 

6) Voltage Dips  

A sudden reduction of the supply voltage to a value between 

90% and 1% of the declared voltage followed by a voltage 

recovery after a short period of time. Conventionally the 

duration of a voltage dip is between 10ms and 1 minute. The 

depth of a voltage dip is defined as the difference between the 

minimum RMS voltage during the voltage dip and the 

declared voltage. 

 

7) Overvoltages 

A temporary power frequency overvoltage generally appears 

during a fault in the public distribution system or in a network 

user's installation, and disappears when the fault is cleared. 

Under these conditions, the overvoltage may reach the value 

of the phase-to-phase voltage (up to max. 440 Volts in 

230/400 V networks) due to a shift of the neutral point of the 

three phase voltage system, the actual value depending upon 

the degree of load unbalance, and the remaining impedance 

between the faulty conductor and earth. 

 

IV. HOSTING CAPACITY  

In any system, the gain maximization and optimization of 
resources are permanent goals. Following this lead, there’s a 
concept that must be taken into account and that relates DG with 
the PQ. It is the hosting capacity, which represents the maximum 
amount of generation that can be connected without surpassing 
the limits defined by the NP EN 50160. The concept is 
represented graphically in Figure 7, where the performance 
index decreases with the DG growth.  

Figure 8 - PV System and Interface with the Grid. 

Table 1 - Values of individual harmonic voltages [3]. 



The insertion of DG is not always harmful to the system. In 
some cases, the performance index can even have an initial 
improvement due to multiple reason such as the grid topology or 
the distribution/concentration of the loads. However, this uplift 
can only be temporary as the continuous increase in DG leads, 
invariably, to a PQ metric getting out of its admissible variation 
range. It’s important to state that can be calculated as many 
hosting capacities as PQ metrics and that the overall systems’ 
HC is the lowest of these values. 

In a simplified way, the hosting capacity approach can be 
carried as follows [4]: 

1. Pick up a phenomenon and consequently one or more 
index indicators for the system; 

2. Determine appropriate limits to the chosen 
phenomenon; 

3. Calculate the performance index as a function of the 
amount of DG inserted; 

4. Obtain the hosting capacity through estimated values 
or experimental analysis. 

The hosting capacity is not only a useful tool for power 
system planning but it also allows a fair and open discussion a 
fair and open discussion between the different stakeholders for 
a transparent balance of their interests. 

 

A. Method of assessing the hosting capacity with respect to 

voltage-rise margin 

 
This method uses the voltage variation as limitative 

parameter. According to the NP EN 50160, the maximum 
overvoltage allowed is 253 V phase-neutral or 400 V phase-
phase.  

In this context, the overvoltage margin, 𝛿𝑉𝑚𝑎𝑥, is defined as 
the difference between the maximum voltage measured for a 
certain client and the maximum overvoltage allowed. In this 
scenario, the HC can be seen as the amount of power that, when 
connected to the grid, generates a voltage rise equal to the 
overvoltage margin, as seen in (4). The connection of a 
generator in a feeder of a distribution network produces an 
increase in the voltage in upstream locations of the generator 
connected point. Therefore, what matters for this HC is the 
lowest value of overvoltage margin upstream from where the 
generator is installed. 

 
𝑃𝑚𝑎𝑥 =

𝑉2

𝑅
× 𝛿𝑉𝑚𝑎𝑥  (4) 

 

Where 𝛿𝑉𝑚𝑎𝑥 =
Δ𝑉𝑚𝑎𝑥

𝑉
 is the relative overvoltage margin (in 

%) and Δ𝑉𝑚𝑎𝑥  is the absolute voltage margin (in Volt). 

 

The resistance R[Ω] is defined by (5) where 𝑙 [𝑚] is the 
length of the cable, 𝐴 [𝑚2]  is the cross-section area and 
𝜌 [Ω. 𝑚] is the electric resistivity. 

 
𝑅 = 𝜌 ×

𝑙

𝐴
 (5) 

 

By combining (4) and (5), the following may be inferred: 

1. The HC is proportional to the square of the voltage 
level; 

2. The HC is linear with the overvoltage margin; 
3. The HC is inversely proportional to the distance 

between the transformer and the distributed generator 
at the point of common coupling. 

If the purpose is to determine the hosting capacity of the 
feeder, the interest is mainly in the places with the smallest 
margin of overvoltage. A measurement campaign could clearly 
be part of a larger campaign to map the voltage amplitude 
variations along the feeder. When the generation is connected 
in lower voltage feeder, the hosting capacity is obtained by the 
voltage margin on the secondary of a distribution transformer. 
Along the feeder, the margin of overvoltage will increase 
depending on the voltage drop during the minimum load. 
Therefore, it is also recommended that measurements are 
performed in just a few remote locations, especially during 
those small or minimum load. 

 

B. Estimating the Hosting Capacity without Measuring 

 

To calculate the HC, measurements are highly 

recommended. However, when these are not possible the HC 

can be estimated through the following procedure [5]: 

 

1. The upper limit of the dead band is used as a starting 

point. This is the highest voltage at the main MV bus. 

2. The voltage drop along the MV feeder during lowest 

load is estimated. This gives the highest voltage on 

MV side of the distribution transformers. 

3. Where needed, the voltage drop over the distribution 

transformer and along the distribution feeder during 

low load is estimated as well. 

4. The boost due to the distribution transformers (up to 

5%) is added. This gives the highest voltage on low-

voltage side of the distribution transformers. 

5. Finally, the overvoltage margin is the difference 

between this voltage and the overvoltage limit, as 

shown in (6). 

 

𝛿𝑉𝑚𝑎𝑥 = 𝑉𝑚𝑎𝑥 − (𝑉𝑚𝑎𝑥𝑀𝑇
− Δ𝑉𝑀𝑇 − Δ𝑉𝐵𝑇 + Δ𝑉𝑡𝑟𝑎𝑛𝑠𝑓) (6) 

 

 

Figure 9 - Hosting Capacity – Continuous Deterioration [4]. 



 

C. Method of assessing the hosting capacity with respect to 

harmonic voltage distortion 

 

The hosting capacity in relation to harmonic distortions can 

be defined as the maximum amount of DG connected to the 

network without exceeding the limits of harmonic distortion in 

any individual harmonic voltage components. To evaluate the 

harmonic hosting capacity, it is used harmonics electrical system 

analysis. Generalizing the method presented in [6] it is 

considered a generic situation for harmonic distortion of order h 

by an equivalent Thèvenin, where Zu-h is the equivalent 

harmonic impedance of order h of the system at the distributed 

generation connection point on the bus. Therefore, this model 

provides a harmonic voltage distortion Vu-h, which is due to 

harmonic distortion of the upstream and downstream networks. 

Figure 9 illustrates the case. 

 

It is defined the harmonic hosting capacity as the maximum 

value of harmonic current of order h that it will result into an 

acceptable maximum limit set by 𝑉𝑙𝑖𝑚𝑖𝑡𝑒−ℎ as harmonic voltage 

distortion [6]. The harmonic hosting capacity of order h is 

calculated in (7). 

 

 |(𝐼�̇�−ℎ + 𝐼�̇�𝐻−ℎ) ∙ �̇�𝑢−ℎ| = 𝑉𝑙𝑖𝑚𝑖𝑡𝑒−ℎ (7) 

 

Where 𝐼𝐶𝐻−ℎ is the hosting capacity of the harmonic current 

of order h.  

When using (7), it is assumed two values of the hosting 

capacity: 

1. The minimum value of harmonic hosting capacity of 

order h, which is set for the worst case scenario, is 

obtained when the current injected into the bus has the 

same phase angle of the harmonic distortion coming 

from the utility system – (8); 

2. The maximum value for the harmonic hosting 

capacity of order h, in the best scenario, is when the 

phase angle of the harmonic distortion injected into the 

bus opposes the phase angle of the utility system – (9). 

 

 
𝐼𝐶𝐻−ℎ = −𝐼𝑢−ℎ +

𝑉𝑙𝑖𝑚𝑖𝑡𝑒−ℎ

𝑍𝑢−ℎ

 (8) 

 

 
𝐼𝐶𝐻−ℎ = 𝐼𝑢−ℎ +

𝑉𝑙𝑖𝑚𝑖𝑡𝑒−ℎ

𝑍𝑢−ℎ

  (9) 

 

For both cases, it is not necessary to know the phase angle 

of the harmonic currents injected into the bus. Consequently, 

there will be a hosting capacity range which is calculated 

through (8) and (9), which are, respectively, the lower limit and 

the upper limit of harmonic current of order h, thus defining the 

range. It is necessary to know the approximate value of the 

harmonic impedances of the system in question. Methodologies 

and the need for specific measurements are discussed in [6]. The 

complete procedures for defining the best and worst case 

scenario are detailed in the associated thesis. 

 

The hosting capacity calculation procedure for evaluation in 

the context of harmonic contributions in distribution systems 

was presented, based on harmonic indicators at the point of 

common coupling system, ie. the harmonic voltage distortion 

levels of an individual harmonic order. However due to lack of 

data this concept wasn’t applied on the case study below and 

remains only as a theoretical possibility. 
 

IV. CASE STUDY 

 
The main objective of this case study was to apply the 

methodologies presented in chapter 4 to a real LV network using 
data from simulation and from local measuring. This way, it was 
possible to assess the system’s HC as well as the influence of the 
DG on the PQ. The study was made from two angles:  

 
1. Computational Simulation. 
2. Local Measurements. 

 

In both cases, the HC was calculated with respect to the 
voltage-rise margin. In approach nº 1 the overvoltage margin 
was estimated using (6) whereas in approach nº 2 this value was 
measured locally. Additionally, in approach nº 1 the HC was 
also determined through an iterative way and taking advantage 
of the software capabilities.  

At the end all the results were compared and it was possible 
not only to validate the calculation methods but also the 
reliability of the simulation software used. 

Figure 10 - Estimating Overvoltage Margin without Measurements [5]. 

Figure 11 - Norton equivalent circuit for 

harmonic order h. 



A. Computational Simulation 

 

The computational simulations were done using DPlan, a tool 

of network’ analysis and optimization developed by AmberTree 

and used by EDP. The software uses the state-of-the-art 

algorithms in analysis and optimization and has two operating 

modes, namely: 

 

1. Chronometric Mode: Implies the knowledge of the 

local voltages and currents, which are stipulated as 

constant. 

 

2. Probabilistic Mode: Each load is represented as a 

random variable following a Bernoulli distribution. 

Therefore the voltages and currents are also random 

variables, which follow a distribution approximately 

Gaussian. 

 

The second mode was chosen not only because of the lack of 

info to use the other mode but also because the probabilistic 

allows to represent the dynamics of a real network where the 

generation and the loads are non-deterministic. 

 

The topology of the network chosen is represented in Figure 

12 and the characteristics of the corresponding distribution 

transformer station (DTS) is in Table 2. This network was 

chosen because it had plenty of PV DG, multiple outputs and 

some remote nodes far from the feeder. 

 

VG = 400V is the output voltage and LR,V,L,A represent the 4 

main branches painted as pink, green, orange and blue, as seen 

in Figure 13. 
Table 2 - DTS Characteristics. 

 

Having characterized the grid completely, the network was 

simulated and the values of Table 3 were obtained. From these 

values the following statements may be inferred: 

 

1. Pink line is the longest and the one with more loads 

connected, thus requiring greater power. 

2. Maximum voltage variation is also on LR, not only 

because of its length but also because DG only 

accounts for 11% of the demand. For LV this value is 

24%, for LL 29% and 18% for LA. 

3. The maximum voltage variations for every line was 

within the 10% range imposed by the NP EN 50160.  

 

 

1) Hosting Capacity with respect to voltage-rise margin 

 

At this point, the methods presented in chapter 4. A) and B) 

were applied. In order to calculate the HC, however, it is needed 

to know the resistance from the feeder till the point where the 

DG is installed. In order to get an approximation of this value, 

the cables’ characteristics were studied and it was possible to 

determine the critical path for each branch, which is the path of 

greatest resistance and, subsequently, of shorter HC. 

To simplify the analysis, it was considered that the lines were 

purely resistive, ie, that their reactance was null.  

DTS Characteristics 

Transformer MV/LV 30 kV / 400 V 

Nominal Power 630 kVA 

Demand 718,30 kVA 

DG Installed 139, 24 kW 

Figure 12 - Logic Topology of Network. 

Figure 13 - Network under Analysis 

(DPlan View). 

Table 3 - Simulation Results. 



The results obtained are summarized in Table 4. 

 

From the considered approach resulted hosting capacities that 

can be accommodated by the grid and don’t surpass the limit 

overvoltage. This DG power is to be summed with the power 

that is already installed on the grid. The global HC of the LV 

network is obtained by (10). 

 

 𝑃𝑚𝑎𝑥𝑔𝑟𝑖𝑑
= ∑ 𝑃𝑚𝑎𝑥 =

𝐿𝑖𝑛𝑒𝑠

621 𝑘𝑊 (10) 

 

2) Hosting Capacity – Iterative Approach 

 

As explained previously, another way of calculating the HC 

was by taking advantage of the simulation software capabilities 

that allows to insert or remove loads, increase or decrease DG 

and after run the power-flow and measure the variation of the 

PQ metrics. 

  This way, the procedure was to gradually insert DG on the 

same nodes where the HC was evaluated previously and see 

when the voltage became higher than the limit overvoltage. The 

results obtained can be seen on Table 5. 

 

After inserting a few kW of DG, the cable rating was 

surpassed which clearly represents a limitation for the HC. 

However, since the scope of this study was related to the 

voltage-rise margin, DG kept being inserted till this parameter 

surpassed the 10% defined in the norm. 

 

The values for HC determined in Table 5 are superior to the 

ones calculated in Table 4 and that can be justified by: 

 

1. The method used to estimate HC without measuring is 

rather rough and depends strongly on the assumptions 

taken and on the quality of the estimates. 

2. The results in Table 4 derive from a method that 

considers each branch independent and doesn’t take 

into account the influence they have on each other. 

3. In the iterative method, as more DG is inserted the 

software automatically runs new power-flows 

balancing the powers in different branches, what 

results in higher HC. 

 

However, the global HC from one method to the other 

presents a relative error of about 14% which, given the 

circumstances, is fairly positive.  

 

B. Local Measurements 

Local measurements were done in the network, by the grid 

operator, during 12 weeks using a PQ meter (QWave Power). 

This device recorded several metrics such as voltage variations, 

frequency, flicker, dips and swells, among others. 

 

All these parameters were fairly good and a detailed 

explanation is done on the associated thesis. In this paper, what 

matters more is the measured voltage variation, which allowed 

to calculate the overvoltage margin and, consequently, the 

system’s HC. 

During the 12 weeks, the meter registered low voltages on 

the periods of peak and high voltages in off-peak periods 

leading to very distinct hosting capacities. The data collected 

and HC determination is presented in Table 6. 

 

In determining a system HC, it is the off-peak period that 

limits the maximum DG that can be installed. However, during 

this work a conservative posture was always adopted 

considering that the DG was concentrated in the weakest nodes 

of each branch. This is valid in order to obtain a HC that, for 

sure, doesn’t surpass any PQ metric admissible variation.  

Table 2 – HC - Iterative 

Table 4 - Hosting Capacity per Line. 

Table 6 – Hosting Capacity Measured. 



However, this doesn’t happen on a real network were 

normally the DG is spread throughout the consumers leading to 

higher hosting capacities. 

 

V. CONCLUSIONS 

 

The scope of this work was to study the impact of 

Photovoltaic Distributed Generation in a system’s power 

quality. By doing so, the work naturally developed to the 

determination of the maximum amount of DG that can be 

connected to a distribution network whilst keeping the PQ 

deterioration within an acceptable range. This concept was 

called hosting capacity. 

In order to calculate its value, some methods were considered 

being the focus given to the one that took into account the 

voltage-rise margin. Having a limitative range imposed by the 

NP EN 50160, 3 different approaches were followed that lead 

to three different hosting capacities. 

 Comparing these three different HC obtained, one may say 

that a concordance is noticeable which proves the validity of the 

calculation methods and the reliability of the simulation 

software (DPlan). From the three, the estimated HC was the 

lowest (621 kW) followed by the iterative HC (722 kW) and 

finally the measured HC for peak period (826 kW). The 

estimated HC had a relative error of about 25% whereas the 

iterative HC error was around 13%. This way, for the network 

under analysis, it can be stated that during a period of peak it 

can accommodate over 800 kW without surpassing the 

overvoltage limit whereas in off-peak period this value is 309 

kW. 

Analyzing both estimated and measured HC, it’s evident that 

the main difference between them is related to the considered 

value for 𝛿𝑉𝑚𝑎𝑥. While for the estimated this value depended 

on the voltage drops calculated, probabilistically, by DPlan, on 

the second one the voltage values measured on field were used. 

Furthermore, in a real network dynamics like instantaneous 

changes of load occur frequently and are hard to recreate in a 

simulation environment. Despite the differences, one may 

conclude that the determination of a networks’ HC using 

DPlan’s Probabilistic Mode gives a result which is close to the 

measured on field and that, in the worst case registered, differed 

13%. 

 

All and all the determination of a system’s hosting capacity 

is still something debatable in the community, since it’s always 

necessary to take some assumptions which lead to results that 

can vary greatly. Moreover, the load and generation of a grid 

are non-deterministic and, thus, a single and unique HC value 

cannot exist. 

As final remarks, it can be stated that the influence that the 

photovoltaic DG has on the power quality is a reality that cannot 

be overlooked. In this context, the use of methods that resort to 

measurement and/or simulations in order to estimate a HC is an 

added value and avoids possible adverse impacts that may 

derive from excessive DG installation.  
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