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ABSTRACT 

EDP Distribuição, as distribution system operator (DSO), 

has been developing, in close collaboration with City 

Councils, an ambitious replacement program of the 

existing Public Lighting (PL) by the new LED technology. 

This paper aims to present the state of art of the 

implementation and the multiple efforts that have been 

made to promote a consistent, innovative and efficient 

program, particularly in the field of Power Quality (PQ). 

PQ is a key element to a DSO, so, to understand the 

technical impact of this program in the PQ in low voltage 

distribution grid, several case studies were developed and 

analysed. The main results and conclusions are presented. 

INTRODUCTION 

EDP Distribuição (EDP D) is a EDP Group Energias de 
Portugal company. As the main DSO in Portugal 
mainland, EDP D has about 6,2 million of network users, 
supplied through its network with more than 225000 km, 
of which about 143000 km in Low Voltage (LV) level. 
 
In Portugal mainland, EDP D operates the High Voltage 
(HV) and Medium Voltage (MV) national networks, as 
well as almost all the LV grids through concession 
contracts with each municipality. PL integrates these 
concessions and EDP D is responsible to establish, 
maintain and develop the PL grids, in close collaboration 
with City Councils, being also an activity regulated by the 
Portuguese national regulatory authority for energy 
services (ERSE). 
 
PQ is increasingly an important reference factor to DSO 
concerning its contribution to the global Quality of Service 
(QoS). Fully committed to provide a high level of QoS, 
EDP D has been developing systematically programs and 
campaigns for PQ monitoring and analysis, according to 
NP EN 50160 standard and the national QoS Regulation 
Code [1], allowing to characterize and follow the evolution 
of PQ at distribution network. 
 

In LV distribution grid, with the development of a 
significant and strategic replacement program of the 
existing PL by the new LED technology, EDP D 
considered important to study the PQ impact, namely 
identifying potential benefits and new requirements. 

STATE OF ART 

EDP Distribuição, as distribution system operator, has 

been developing, in close collaboration with City 

Councils, an ambitious replacement program of the 

existing Public Lighting (PL), typically characterized by 

mercury-vapor lamps and high-pressure sodium vapor 

lamps by the new LED technology. 

 

The PL in mainland Portugal consists of approximately 3 

million lighting points, distributed in 2,4 million high-

pressure sodium vapor lamps and 400 thousand mercury-

vapor lamps. EDP Distribuição promoted PL energetic 

efficiency pilot projects, which contributed to the creation 

of the first LED lamp specification in Europe, as well as to 

the development of innovative and pioneer projects such 

as the incorporation of sensorization in the lamps and the 

development of open and pioneer systems of LED lamps 

flux's management. The LED investment priority has been 

focusing by the establishment of new PL grids and 

mercury-vapor lamps' replacement, namely in the PL grids 

reconditioning programs, as well as the replacement of 

obsolete or in bad operating condition lamps. 

For 2018, EDP D has planned a campaign to replace 

165000 existing lamps by LED tecnology, and has 

achieved around 90% of realization. By the end of the year 

of 2018, adding the campaign and other 

installations/replacement, EDP D has installed in 2018 

around 160000 LED lamps. For 2019, EDP D has planned 

the installation of around 164000 new LED lamps within 

the campaign framework. 

 

EDP D is investing in new ways to manage the PL, 

SMART-IP project is one example. This project positions 
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itself as a centralized management platform for PL, 

supported by Inovgrid architecture. This concept was 

tested and validated through a pilot, implemented in Évora 

(in 2013) and in Batalha (in 2014), now evolving towards 

its industrialization, covering all 60 000 PL circuits under 

the responsibility of EDP D. 

SMART-IP will respond to needs of a differentiated 

nature, related to PL, focusing on a single tool that 

controls, monitories, reports and analyses features, taking 

advantage of low-voltage power grid architecture of 

EDP D.   

This tool allows the configuration of the PL schedules to 

be applied to PL circuits located at secondary substations 

and associated to a user profile. On the other hand, allows 

monitoring, reception of alarms and provides reports and 

specific dashboards. 

SMART-IP promises to be a game-changer in the way we 

manage, control and operate and maintain PL. 

CASES STUDIES – PQ MONITORING 

RESULTS 

Characterization 

In order to perform the analysis, PQ monitoring was 

carried out in several MV/LV secondary substations, 

starting some weeks before replacement and ending some 

weeks after it. For all situations, the conventional PL were 

fully replaced by LED technology lamps, however, for this 

paper’s purpose, only 3 representative case studies are 

presented. In the following table is presented the 

characteristics of corresponding PL in terms of lighting 

technology and quantity of lamps before and after 

replacement.  

 

 
Table 1 – PL characterization before and after replacement 

 

As expected, for the same number of lamps replaced, total 

power installed of LED lamps is less than before, due to 

more energy efficiency of this type of lamps. 

Analysis and results 

For all case studies, PQ parameters analysis were 

performed according to NP EN 50160 standard using class 

A devices as defined in IEC 61000-4-30 standard. The 

monitoring point was the LV busbar of the MV/LV 

substations for voltage characteristics and the feeder 

dedicated to PL for current analysis. 

Throughout the process, all MV/LV substations 

maintained normal power supply to their respective 

customers. In this sense, the voltage parameters analysis 

considers, not only the impact of PL, but also all network 

users connected to each MV/LV substation. 

 

The results obtained can be strongly affected by the 

neighbouring power grid, particularly by end users 

connected to LV circuits. However, such approach shows 

the global and real impact on the LV network of this 

replacement. The following figure shows the continuous 

phenomena results obtained for case study #1, for both 

situations, before and after the replacement. 

 

 
Figure 1 – Percentage values in accordance with the NP EN 

50160 limits for case study #1 

 

The entirely values of all voltage characteristics fulfill the 

limits established in the NP EN 50160 standard. 

For the other two cases studies the results are similar. It 

turns out that all voltage characteristics meet the NP EN 

50160 standard, in both before and after the replacement 

to LED lighting. 

In the following figures, a more detailed analysis of the 

voltage harmonic spectrum is presented for each case 

study. An analysis period of 2 weeks was considered, 

before and after the total replacement. 

 

 
Figure 2 – Voltage harmonics for case study #1, before 

replacement 
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Figure 3 – Voltage harmonics for case study #1, after 

replacement 
 

 
Figure 4 – Voltage harmonics for case study #2, before 

replacement 
 

 
Figure 5 – Voltage harmonics for case study #2, after 

replacement 
 

 
Figure 6 – Voltage harmonics for case study #3, before 

replacement 
 

 
Figure 7 – Voltage harmonics for case study #3, after 

replacement 

It can be seen that there are no significant changes in the 

voltage harmonic spectrum, after the replacement. Even 

slight variations do not represent a common pattern that 

can be attributed to LED lighting. As an example, the 

relation between the values of the current consumed and 

the 7th voltage harmonic for the period before and after the 

lamp replacement, is shown in the following figures. 

 

 
Figure 8 – Current RMS and 7th voltage harmonic for case study 

#3, before replacement 

 

 
Figure 9 – Current RMS and 7th voltage harmonic for case study 

#3, after replacement 
 

It can be shown that there is no direct relation between the 

7th voltage harmonic and the operation of the PL, before 

and after lamps replacement. The same conclusion applies 

to the other harmonic orders, such as the 5th one. As stated 

before, the voltage harmonic spectrum is mainly afected 

by all end users connected to each MV/LV substation, 

since LED total power is less than 5% of transformer 

nominal power. 

In addition to the voltage, the current characteristics were 

also analysed in the circuits that feed the PL. 

An obvious finding is that the absorbed current, and 

consequently the active power, decreases with the use of 

LED lamps, considering the same number of lighting 

points. 

Concerning reactive power, its modulus value decreases 

and becomes capacitive after the total replacement to LED 

lighting. This is expressed in the following figure for case 

study #3. For the other two case studies, the results are 

similar. 
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Figure 10 – Reactive power for case study #3 

 

Another interesting aspect is the analysis of the current 

harmonic distortion. As well as for the voltage, it was 

considered the same analysis period of 2 weeks, before and 

after the replacement. In the following figures is presented 

the current harmonic spectrum for the range 2nd - 25th 

order. 

 

 
Figure 11 – Current harmonics for case study #1, before 

replacement 
 

 
Figure 12 – Current harmonics for case study #1, after 

replacement 
 

 
Figure 13 – Current harmonics for case study #2, before 

replacement 

 

 
Figure 14 – Current harmonics for case study #2, after 

replacement 

 

 
Figure 15 – Current harmonics for case study #3, before 

replacement 
 

 
Figure 16 – Current harmonics for case study #3, after 

replacement 
 

Carrying out a comparative analysis of the results, it is 

shown that the harmonic content of the current after the 

replacement is, in all cases, lower than the values 

registered before it. The odd harmonic orders are the 

predominant ones, while the even orders have residual 

values. 

CONCLUSIONS 

Besides the regular PQ monitoring program implemented 

all over the years to its grid, EDP D is permanently aware 

to all exceptional situations that may lead to deviations 

related to PQ. 

One of these situations is the renewal of PL that EDP D is 

conducting, in close collaboration with City Councils, 

replacing the mercury-vapor and high-pressure sodium 

vapor luminaires for those of LED technology. 

The analysis carried out in the several situations, and 

particularly the 3 case studies presented, do not show 

variations regarding the characteristics of the voltage. As 

such, the full compliance of the NP EN 50160 standard 
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was maintained, both before and after the replacement. 

Particularly, the voltage harmonics do not change 

significantly in a way that can be attributed to the 

replacement made. The values of the current harmonic 

spectrum decrease after the replacement, for all cases 

studies. 

The maintenance of this partnership with the 

municipalities will not have consequences in terms of the 

characteristics of the voltage, towards the NP EN 50160 

standard. 
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