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ABSTRACT 

Distributed Energy Resources (DERs) are now a reality 

for every DSO. During previous years a sustained effort 

has been made to accommodate the distribution network 

operational requirements to new challenges. Papers 

presented at CIRED 2015 Conference covered some topics 

related to the DER impact on MV distribution network 

such as unwanted islanded operation or optimal 

penetration degree. This led to discussions about those 

issues for two case studies: the first case concerning three 

micro hydroelectric power plants and the second case 

about photovoltaic generation combined with wind 

generation. 
 One very interesting aspect emerged: if certain conditions 

exists both areas could operate in islanded mode for 

definite time intervals. 

This paper continues previous studies from a different 

point of view, considering both areas as potential 

microgrids operated by DSO at MV level and needing 

SCADA observability for the microgrid operation. 

INTRODUCTION 

Increased distributed generation penetration level 
influences the DSO business as usual (BAU) model on two 
operation components, monitored by the regulator (the 
evolution of power losses in the networks and the variation 
of the quality parameters for the power distributed to the 
network users). 
Monitoring   those components requires  (1) a data 
acquisition system using SCADA that will ensure an 
efficient operative management, (2) fault locators that will 
detect, identify, locate, isolate and clear the faults and  (3) 
network parameters real-time calculation and their 
visualisation through DMS. 
The impact of distributed generation on the network 
operator activity requires interoperability between very 
complex systems owned by different participants on the 
energy market. On one hand we have components 
integrated in the ADMS (Advanced Distribution 
Management System) that are usually developed by 
DSO’s:  

• Substation SCADA and Automation systems; 
• Distribution Automation including reclosers and 

remote operated switch disconnectors; 
• Power Quality Monitoring System 
• GIS  
• Work Flow Management System 
• AMI (Advanced Metering Infrastructure) 

On the other hand a secure information exchange with 
TSO’s Energy Management System and DG control 
system owned by the stakeholders must be provided. 
The integration of these components creates the premises 

for the transition to the concept of smart electrical grids. 
Optimising the power flow and voltages in network nodes 
can lead to the proper determination of optimal DG 
penetration level. Results previously presented [15] show 
that, the optimal penetration level is somewhere between 
23%-50%. This corresponds usually to the maximum 
transport capacity of the portion of the distribution 
network with the smallest section. 
Minimisation of technical loses in distribution network is 
one of the important economic drive towards innovation. 
In terms of planning the operation of distribution 
networks, a shift occurred for the distributed generation: 
the penetration level of distributed generation should not 
be maximized, but optimised because, at some point, the 
Technical Loses are no longer decreasing, but are 
increasing sharply, the costs-benefits ratio is having the 
optimum value before reaching the minimum Technical 
Loses, so, in case of Technical Loses continuing to 
decrease to its minimum cost-benefit ratio will be altered.  
It is necessary therefore to optimize the penetration of 
distributed generation in distribution network nodes, not to 
maximize it. 
Furthermore, the excess of distributed generation can be 
harnessed trough storage facilities and used for special 
applications like VPP’s or even for flattening the load 
profiles. 

CASE STUDY 

As previously mentioned, the case study covers the same 
area analysed before [14] [15]. 
The electrical distribution network from first site (Figure 
1) is a radial 20kV overhead network with 52 secondary 
substation 20kV/0.4kV (absorbing a maximum power of 
around 2600kW). It provides services to rural area 
customers and mountain resorts located on the Fagaras 
Mountain slopes and has a high penetration level of 
distributed energy resources (SHPP1-2000kW and 
SHPP2-3000kW). 
Second site is the point of common coupling (PCC) of a 
Photovoltaic Power Plant. 
It is difficult to control the voltage in each point of 
measurements and to choose the appropriate operational 
configuration for power losses optimization in the MV 
electrical network due to the variability of DER 
production. Those are two Key Performance Indicators of 
DSO service, and in order to improve them, it is very 
important to monitor the direction of power flow in 
selected nodes of the electrical distribution network  
For this reason the sites was choose to be one of the 
Romanian field implementations of the SUCCESS Project. 
Beside other goals, the project was trying to improve the 
observability of DER and to test the communication 
technologies in very demanding conditions using a low 
cost PMU along with energy meter functionality 
embedded in the NORM equipment [16], developed in 
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H2020 SUCCESS project [17]. 
 

 
 

Figure1 Studied area. 
The trial site is not open to the public and the access to 
smart meter and NORM is restricted to Electrica staff only. 
The information provided to the higher level SUCCESS 
components consists in   only five measurements. Those 
five measurements do not contain any personal data, as 
there is no identification of the user [respecting GPDR – 
DPIA rules]. 
Main data sources are considered to be the SCADA 
System, Smart meters, PQ analysers and a low cost PMU 
connected to the substation busbar. 
The amount of energy delivered to DSO network during 
the last 7 years in the studied area is represented in figure 
2, along with the energy exchanges between MV and HV 
voltage network. For instance the energy received from 
HV to MV network is represents using solid BLUE colour. 
The energy transferred “backwards” from MV to HV 
through power transformer is represented using solid RED 
color.  
The two HPP’s production is represented with yellow and 
green bars, and the cumulated amount of DER energy is a 
red line. 
As can easily be noticed, during the spring and summer 
months the energy provided by DER is more than double 
than the actual consumption,  so the energy surplus is 
transferred to the higher voltage network. More, each of 
the HPP’s can supply the existing customers by itself 
during this time. 
This observation rise two additional questions for the 
DSO: 
How are the power losses affected by the reverse energy 
flow for such an extended period? 
Is there a possibility to maintain power supply to the DSO 
customer in that specific area when the HV network 
becomes unavailable during severe weather triggered 
incidents or even when extended maintenance work 
isneeded? 

 

 

Figure2. DER energy delivered to MV network versus 

HV/MV transit 

Components of the monitoring system-μPMU 

 

In this stage of the project the goal is to gather enough 

information about the power balance evolution during 

different seasons. For this purpose, several pieces of 
equipment are used:  

• One full capacity PMU connected to substation bus bar  

• Micro PMU’s installed in the point of common coupling 

(PCC) of each distributed generation facility. 

• Power Quality monitoring equipment in several network 

nodes  

• Smart meters installed for every distribution MV/LV 

transformers.  

In the PCC of one HPP additional equipment was installed 

(PMU’s, Smart Meter Extensions) as part of the European 

project “SUCCESS” financed through Horizon 2020 
program.  Figure 3 shows the components and information 

exchange for Romanian trial site. 

 
 

Figure 3: Romanian Trial NORM Configuration 
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The  actual field installation is presented in figure 4. 
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Figure 4.   Equipment in the field 
 

 

A Phasor Measurement Unit (PMU) is a synchronized 

measurements device, able to offer both the magnitude and 

the phase angle and are used for voltage and current phasor 
measurements. PMU standards give detailed information 

about uncertainties associated with the phasor 

measurements. Voltage and current phasors are accurately 

time-stamped, as the PMU is synchronized with a GPS to 

a common time reference. Values acquired in real time are 

send to a central database using standard protocols [10]. 

Because PMUs are not PQ-equipment (although some 

include PQ modules), they can be used to provide detailed 

information on frequency.  

PMU’s are very accurate frequency measuring devices 

having the advantage of synchronised measurements over 
large areas, making them the ideal instruments for 

islanding detection.  

Comparison between phase angles in different nodes of a 

network are usually used to determine power flow. 

 In the case of a MV network the angle difference is very 

small so a very accurate device is needed. For this project 

the equipment has the maximal uncertainty associated with 

the local measurement channels for frequency less than 1 

ppm (0.0001%) of reading, plus time base error [10] while 

for the time stamp is 1 μs plus time base error; time base 

error is less than 1 μs, when locked to at least three 

satellites with correct position.  
The Rate Of Change Of Frequency (ROCOF) can be used 

as the variable for triggering certain actions like 

disconnection of all or part of the network. 

 

 
 
Figure 5. Unintended islanded operation. 

 

As seen in figure 5 PMU’s can detect unintended islanding 

on a distribution network. In this case the frequency had a 

very fast variation, reaching a minimum of 42Hz and then 

rising to 52Hz during an event that lasted 10 seconds. This 

event was triggered by different reclosing time settings in 

two protection devices. 

Because the μPMU has the possibility to map the outputs 

for different triggers calculated inside, it can be a valuable 

asset in the case of an islanded operation. 
Assessing the operation states of an active distribution 

network, requires information with higher than presently 

available resolution and accuracy. Phasor Measurement 

Units are capable to give insight to such details. Presently 

there are in use aggregation algorithms inherited from 

power quality standards like the IEC 61000-4-30 set, but 

no algorithm is yet specified for ROCOF reporting. 

 

Smart Meter Extension-SMX 

 
Another device used to monitor the network node is the 

Smart Meter Extension. The SMX can read the real-time 

instrumentation data from a smart meter, and record it for 

further statistical processing on a memory card. 

Voltage levels are recorded every second in the SMX, (a 

Raspberry Pi 2) equipment and are going to be compared 

with the minimal power quality requirements, respectively 

to be in the UN +/-10% band. The processed input data 
results are available to different users through Ethernet 

port. Examples of daily data recorded with SMX are 

shown in Figures 6 and 7. 
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Figure 6 – Daily voltage evolution in the PCC of a PV 

plant 

 

 
Figure 7 – Daily active power evolution in the PCC of a 
PV plant; representative days over the whole year 2018 

 

It should be noted that measurements are shown on 

secondary circuits, for both voltages and active powers. 

Daily records are based on a one second record resolution, 

thus allowing a very precise monitoring of the metering 

point, using a smart meter existing on the market and an 

SMX. The results show that pairing meters with SMX 

devices give promising results for a low-cost grid 

monitoring solution, to be used in both connected 

microgrids, as well as in islanded situations, 
Figure 8 shows frequency measurements in the time 

window between second 64000 and 70000 (100 minutes). 

 
Figure 8 – Details on frequency evolution in a time 
window of 100 minutes 

 

The figures suggest also the possibility of  using  the meter-

based frequency measurement as support in monitoring an 

islanded microgrid. 

 

PQ ANALYSER 
The final equipment used is a standard Class A Power 

Quality analyser. This equipment measurements are used 

as reference for the measurements provided by PMU and 

SMX. 

For example, in figure 9, values of L1 phase voltage 

recorded by the PQ analyser (thick blue line) are compared 

with aggregated values obtained from the smart meter 

using the SMX module (thin grey line) 

 

 
 

Figure 9- Voltage recordings comparison between SMX 

and PQ analyser 

 

It is easy to notice that the voltage profile for one week is 

very similar for both measuring devices. This means that 

the instrumentation measures delivered by a smart meter 

can be used for voltage levels surveillance. The voltage 

levels can be monitored without installing expensive PQ 
equipment, using SMX extensions added to smart meters 

installed in different network nodes  

This conclusion is confirmed by the statistical values for 

phase voltage calculated for the 52’th week of 2017 as 

presented in Table 1. 
Table 1. 

 
 
There is a very good correlation between values computed 

by SMX module and those provided by dedicated PQ 

equipment. 

CONCLUSIONS 

The survey is still in the initial phase, so there is no actual 
conclusion, but instead we identified some hurdles that can 
influence the outcome. 
The most important one is the availability (or to be more 
precise the unavailability) of stable high speed 
communication in remote areas where some renewable 
resources are located. One solution could be to build own 

SMX PQube SMX PQube SMX PQube

Min 11.797 11.378 11.569 11.180 11.610 11.567

Max 12.413 12.427 12.190 12.212 12.257 12.276

Average 12.153 12.153 11.942 11.942 11.980 11.980

95% min 11.939 11.935 11.737 11.736 11.765 11.764

95% max 12.348 12.350 12.125 12.130 12.182 12.184

L1 [kV] L2 [kV] L3 [kV]
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communication networks or to rely on communication 
technologies that are not affected by the lack of energy 
supply in case of an extended fault in the network. 
In each case the location where monitoring and automation 
equipment is installed must be provided with additional 
energy storage facilities. Another investigation direction 
for the near future is to dimension these energy storage 
facilities in such way that they will constitute a distributed 
power reserve to be used for special applications. The 
project will continue with the installation of monitoring 
equipment in several additional sites where penetration 
degree of renewables exceeds 50%. 
The extensive MV network monitoring will provide 
answers to several questions: 

• Is there a possibility for such areas to operate 
independent form the network for limited time 
periods? 

• Can DSO reduce the interruption intervals in case 
of severe faults outside the considered area? 

• What is the impact on PQ indices and performance 
indicators (SAIDI, SAIFI)? 

• Can Smart meters provide accurate and “real time” 
data needed for control algorithms? 

• Can the existing protection systems adapt to the 
new challenges? 

• What amount of storage facilities is necessary for a 
resilient operation? 

• Can a centralized DMS system control such areas 
or an additional local SCADA system should be 
used?  

• How different stakeholders (DSO, customers, 
prosumers) can cooperate for such projects? 

All this questions lead to the most important one: should 
the DSO be involved in microgrid development and 
operation? 
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