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Section IV: Voltage Quality 

- Particularities of the Agenda -  

14.30 ï 15.00  PRESENTATION: Voltage Quality 

        Representative of the consultant  

        Topics given  

 

15.00 ï 15.20  TOUR DE TABLE: Voltage Quality 

        Representatives of the regulatory authorities 

        Moderated by representative of the consultant 

        Topics given 

  

15.20 ï 15.30  CONCLUSIONS: Voltage Quality 

        Representative of the consultant  

        Topics given  
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CONTENT 

Part I:  Parameters of the VQ ï Technical Norms 

 

Part II:  Guidelines for Service Providers Reporting to the NRAs on the 
 VQ 

 

Part III:  Guidelines for Service Providers Reporting to Customers on the 
 VQ 

 

Part IV: Recommendations for Complaint Handling Procedures in 
 Relation to  the VQ  

Voltage Quality 
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CONTENT 

Part V: Reporting Guidelines for Benchmarking on the Energy 
 Community Level in Relation to the VQ 

 

Part VI: Guidelines for Data Collecting and Auditing in Relation to the VQ 

  

Part VII: Recommendations on Gradual Introduction of Regulatory 
 Instruments in Relation to the VQ 

 

Part VIII: General Overview of the Situation in the EnC Contracting Parties 
 and Observers in Relation to the VQ 

Voltage Quality 
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Service Quality Regulation 

- Performance (Output) Regulation -  

Call centres 

Billing 

Complaints 

Reconnections 

Reading 

Appointments 

New supply estimates 

Connections to network 

Providing supply 

Meter investigations 

Unplanned supply interruptions (long/short) 

Planned supply interruptions 

Supply voltage variations 

Rapid voltage changes 

Flickers (voltage fluctuations) 

Supply voltage dips 

Supply voltage swells (temporary power frequency overvoltages) 

Voltage unbalance  

Transient overvoltages 

Harmonic distortions 

Interharmonic, subharmonic voltages 

Mains signalling voltages superimposed on the supply voltage 

Commercial 

quality 

Electricity 

service 

quality 

areas 

Voltage Quality 

Supplier 

TSO 

DSO 

Continuity  

of supply 

Voltage  

quality 

Voltage RMS value 

Voltage wave form 

Power Quality 

Usefulness of 

electricity 



State of the Art 

Ç VQ regulation is still a green field  
numerous issues require further analysis  

Ç in majority of European Countries regulatory instruments 
introduced in the area of VQ concern non technical indicators 

Ç GS or OS on investigating voltage complaints 

Ç MQS are still not employed for technical indicators 

Ç limited availability of VQ measurements at system level, 
as well as for individual customers 

Ç absence of enforceable performance standards for 
several quality indicators 
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State of the Art 

Ç in the regulatory process VQ regulation is usually the latest development 

Ç growing number of regulators are engaged in monitoring campaigns to 

measure actual level of VQ  

 good knowledge of the real situation is a preliminary step towards any 

kind of regulatory intervention 

Ç revision of the technical norms 
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as with all ñtechnical aspectsò 

regulators have so far mostly relayed on the EN 50160 

in recent years regulators have begun to regard the  

EN 50160 as not being completely adequate  

for  the purpose of customer protection  

Voltage Quality 



Standards & Norms 

Ç EN 50160 

Ç defines and describes characteristics of  

 supply voltage in public distribution networks 

(with voltage levels up to 35 kV) 

 under normal operating conditions 

 

Ç does not describe typical or average situation of VQ levels in Europe ­ 

maximum (worst) values of voltage characteristics under normal operating 

conditions 
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the original scope 

Voltage Quality 

the reason why the limits 

contained in the norm are not yet 

satisfactory for regulatory use  

regulation aims at uphold or to 

increase of todayôs level of quality 

limits are too loose  

 VQ in Europe is already better 

stricter VQ standards are required  



Standards & Norms 

Ç Drawbacks preventing EN 50160 form being a comprehensive 

quality standard:  
Ç binding limits too loose ­ not satisfactory for regulatory purposes 

Ç scope is limited to medium voltage (35kV) networks and below 

Ç many of the most costly and common voltage disturbances (events, e.g. dips, 
swells) do not have binding limits (only indicative values) ­ not useful for 
regulatory process (performance standards could not be linked to indicative 
values) 

Ç many characteristics are evaluated for less than 100% of the measurement 
interval. This allows: 

Ç no limit on supply voltage variations, flicker, voltage unbalance, 
individual harmonics or THD for 8,4 hours/week + abnormal situations 

Ç no limit on mains signalling for 1,7 hours/week + abnormal situations 
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Voltage Quality 
in some countries minimum 

requirements for voltage 

disturbances differ from the 

ones stated in EN 50160 

recommendation from EU regulators to CENELEC ­ 

enlarge EN 50160 scope to HV and EHV networks 

new edition approved by CENELEC in March 2010 

contains Clause 6 relevant to voltage characteristics in 

high voltage networks 

Norway ­ minimum standards on voltage dips are introduced by cap 

on the number of dips per 24 hours  

France ­ voltage dip commitments on the maximum number of dips 

per year are comprised in grid access contracts for MV and HV 

customers (only >30% Un and >600 ms are counted)  

e.g. standard commitment 5 vd/yr in HV networks 

limits should be defined based on the impact to the customers 

harmonisation between countries regarding monitoring of voltage dips 

ź dips should be uniformly classified on magnitude and duration 

avoid ñ95%-of-timeò clause and avoid long time 

interval for averaging measured values 

 

Norway and Hungary  ­ 1 minute RMS values 

are evaluated for supply voltage variations 



Standards & Norms 

Ç Fundamental references for VQ in Europe 
Ç approved by CENELEC on 01/03/2010 as EN 50160:2010 

Ç CENELEC members (e.g. Croatia) are bound to comply with the 
CEN/CENELEC Internal Regulations which stipulate the conditions for giving 
this European Standard the status of a national standard without any 
alteration 

Ç document is the result of an intensive cooperation between CENELEC and 
CEER 

Ç The following dates were fixed: 

Ç latest date by which the EN has to be implemented at national level by 
publication of an identical national standard or by endorsement 

 

Ç latest date by which the national standards conflicting with the EN have 
to be withdrawn 

E
N
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0
1
6
0
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0
1
0
 

2011-03-01 
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2013-03-01 

Voltage Quality 



Standards & Norms 

 

 

 

Ç main differences from EN 50160:2007 

 

Ç new organization of the document by grouping clauses related to 

events and continuous phenomena 

Ç modification of some definitions and completion by some new 

definitions 

Ç new Clause 6 relevant to voltage characteristics in high voltage 

networks 

E
N

 5
0
1
6
0
:2

0
1
0
 

11 

Voltage Quality 



 

Standards 
Future trends 

Ç some NRA have already gone beyond EN 50160 

Ç too early now to tell if this will be a general trend in the future 

Ç some countries will probably always refer to EN 50160 no matter how loose 
limits or definitions may be 

Ç some countries will instead choose a ñtwo-levelò option: 
Ç adopting definitions and measurement rules given in international standards (like EN 

50160, adequately revised) 

Ç and introducing national VQ limits and requirements by the NRA 

Ç the future will depend upon how satisfactory future editions of international standards 
(e.g. EN 50160) will turn out to be 

 

Norway 

Voltage 

Quality 
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Guidelines for Service Providers Reporting to the 

NRAs 

Voltage Quality 
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Ç Web-based application for the VQ shall enable service providers reporting to the NRA 

Ç Web-based application shall enable reporting on the following key VQ parameters: 

 

 

 

 

 

 

Ç VQ data shall be collected by way of: 

Ç continuous monitoring of the VQ in the transmission and distribution networks 

Ç periodic monitoring ­ planned systematic weekly measurements and conditioned by 
customer complaints 

Ç Web-based application shall enable service providers to report on: 
Ç general data and 

Ç data on VQ 

Ç Supply voltage variations 

Ç Voltage dips and transient overvoltages 

Ç Flickers (voltage fluctuations) 

Ç Voltage unbalance  

Ç Harmonic distortions 

Ç Mains signalling voltages superimposed on the supply voltage 

Ç Power frequency 



Guidelines for Service Providers Reporting to the 

NRAs 

Voltage Quality 
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Ç General data ï continuous monitoring: 

Ç name of measuring points and location of the continuous monitoring  

Ç status of equipment for continuous monitoring of the VQ:  

Ç total number of measuring points in HV network  

Ç share of established continuous monitoring in HV network with respect to the planned extent 

Ç total number of measuring points in MV network  

Ç total number of measuring points 

Ç General data ï planned systematic monitoring:  

Ç number of systematically selected measuring points 

Ç results of the analysis of measured values (in percentage)  

Ç General data - complaints:  

Ç number of complaints on VQ 

Ç status of the network usersô complaints (compliance or non-compliance) 

Ç brief analysis of the situation, accompanied with a comment that includes description of 
events which appeared due to Force Majeure of major regional extent 

NRA shall establish a set of 
mandatory general data 



Guidelines for Service Providers Reporting to the 

NRAs 

Voltage Quality 

15 

Ç Data on VQ ï continuous monitoring: 
 differentiated per voltage levels and objects/network connection points 

 

Ç number of weeks under monitoring 

Ç number of inconsistent weeks (any non-compliance with binding limits)  

Ç number of consistent weeks 

Ç number of weeks, during which non-compliance with binding limits for the following 
VQ parameters have been observed: 

Ç Supply voltage variations 

Ç Flickers (voltage fluctuations) 

Ç Voltage unbalance  

Ç Harmonic distortions 

Ç Mains signalling voltages superimposed on the supply voltage 

Ç Power frequency 

Data on VQ 



Guidelines for Service Providers Reporting to the 

NRAs 

Voltage Quality 
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Ç Data on VQ ï continuous monitoring:  
Ç from the measurements service providers shall calculate and report to the NRA 

the following VQ indicators: 

 

Ç VQ indicator at HV level 

Ç VQ indicator at MV level 

Ç Supply voltage  variations VQ indicator at HV level 

Ç Supply voltage  variations VQ indicator at MV level 

Ç Harmonic distortions VQ indicator at HV level 

Ç Harmonic distortions VQ indicator at MV level 

Ç Flickers VQ indicator at HV level 

Ç Flickers VQ indicator at MV level 

Data on VQ 



Guidelines for Service Providers Reporting to the 

NRAs 

Voltage Quality 
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Ç Data on VQ ï periodic monitoring: 
Ç reporting on periodic monitoring covers: 

Ç planned systematic weekly measurements 

Ç customersô complaints on VQ 

 

Ç Service providers shall: 
Ç keep and maintain all input data underlying calculation of the VQ parameters for 

a minimum period of three regulatory frameworks or at least 10 years  

Ç for the duration of this period, keep and maintain all available documentation 
about the customersô complaints 

Ç keep records for all parameters whose values have exceeded VQ standards and 
which the service provider have identified as the Force Majeure or external 
cause 

Ç notify causes and documents for each such incident in the appropriate form 



Guidelines for Service Providers Reporting to the 

NRAs 

Voltage Quality 
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Ç Service providers shall: 
Ç in the annual reports to the NRA, disclose all data on the VQ for the previous 

year 

Ç the reporting shall be made before 15 February in the current year for the 
previous calendar year 



Guidelines for Service Providers Reporting to 

Customers 
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Voltage Quality 

Ç Service providers shall: 
Ç inform customers about the VQ on their websites once a year (attaching a note 

to the bill) 

Ç this information shall be provided within 15 days after the service providers 
reported the same data to the NRA 

Ç on their websites inform customers about valid VQ standards, bylaws and other 
documents establishing the minimum VQ quality standards 

 

 

 

 

Ç PQC ­ notify customers of compensation and refund arrangements that apply if 

the VQ standards are not met (compensation payments shall be automatically 
issued to the customers ) 

Penalties are foreseen in only a few countries for cases in which the voltage 

quality standards are not met. 



Recommendations for Complaint Handling Procedures 
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Voltage Quality 

Ç National regulatory framework shall oblige system operators to provide individual VQ 
measurements when requested by customer 

Ç The request can take form of: 

Ç Complaint ï customer detects problems due to the poor VQ 

Ç Enquiry ï customer is interested in knowing the VQ supplied at their connection point 

 

Ç In case of a request: 

 

 

 

 

 

 customer have right to install their 

own VQ recorder which must  

comply with technical standards 

and/or technical criteria 

accepted/defined by TSO/DSO 

 
­ measurements adopted by system 

operators as valid  

national regulatory framework 

shall require the TSO/DSO to 

provide and install VQ recorder at 

the customer premises for a given 

time period 

alternative 



Recommendations for Complaint Handling Procedures 
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Voltage Quality 

Ç VQ measurement costs: 

 

 

 

 costs shall be established and published each year by the NRA 

 

Ç After the monitoring national regulatory framework shall oblige system operators to 
communicate to the customer the following information: 

Ç Monitoring period 

Ç Type of equipment that was used in the monitoring  

Ç Type of voltage disturbances that have been registered 

Ç Analysis of the regulated values or limits fulfilment 

Ç Entity responsible for the disturbance 

Ç Deadline to solve the detected problem if standards/codes are not met 

paid by the requesting customer only 

if voltage characteristics comply with 

performance standards 

paid by the requesting customer alternative 



Recommendations for Complaint Handling Procedures 
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Voltage Quality 

Ç the SP shall establish and implement a complaints procedure, which shall be  

Ç effective ­ aimed at solving the problem 

Ç readily assessable ­ clearly set out procedures and responsibilities 

Ç speedy ­ time limits 

Ç confidential ­ protected privacy of the individual customer 

Ç integrated ­ with the organizationôs operation and practices 

 

Ç SP shall be required to publish, on the back of all bills, a short description of how to 
make a VQ complaint 

Ç SP shall be required to attempt to resolve all relevant complaints before referring a 
complaint to the NRA 

Ç complaint must be closed by the SP in writing within given time period  
and the customer shall be provided with the contact details of the NRA  
should the customer wish to escalate the complaint 



Recommendations for Complaint Handling Procedures 
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Voltage Quality 

Ç the NRA shall be legally assigned a responsibility to deal with unresolved complaints 
between customers and system operators 

Ç NRA may: 

Ç provide biding decision for non-compliance to TSO/DSO  

Ç impose a fine  

Ç oblige TSO/DSO to correct the problem 

Ç put in place a resolution for the customer 

Ç TSO/DSO shall: 

Ç introduce and keep the book of complaints, preferably in an electronic form 

Ç accept and register each written VQ complaint, as well as regularly analyze 
the records in the book of complaints 

Ç (in the annual report on the QoS to the NRA) publish the results of 
measures taken in respect of the complaints handling and make them 
publicly available to the customers on the web pages 



Reporting Guidelines for EnC Benchmarking 

24 

Voltage Quality 

Ç Follow the guidelines and the templates established by the CEER for 
the purposes of the benchmarking on the quality of electricity supply in 
all measurable aspects, including on the voltage quality. 

Ç The parameters of the voltage quality fully match the CEERôs 
benchmarks ensuring thereby full compatibility at the Energy 
Community level.  



Guidelines for Data Collecting   

Ç Collecting data ­ constrained by cost of: 

Ç installing measurement equipment 

Ç maintaining the measurement process 

Ç Specifics of VQ measurement: 

Ç VQ is customer specific (two closely located customers may not experience the same 

VQ problems) 

Ç not practically feasible to centralize data collection (e.g. SCADA system) ­ installation 

of specific VQ recorders is needed  

Ç continuous phenomena detectable by occasional measurement (2-3 weeks monitoring 

period) ź voltage events occur rarely and continuous monitoring is necessary  

specific VQ recorders shall 

be installed in principle at 

the point of connection of 

each customer 

not economically feasible 

Voltage Quality 



Guidelines for Data Collecting   

Ç In practice VQ data are collected by means of: 

Voltage Quality 

Continuously 

at given points on the distribution network 

to obtain a general picture of the level of VQ 

(at least for voltage events since they occur randomly) 

Occasionally / Individually  

at the point of connection upon a customer 

complaint or enquiry 



Guidelines for Data Collecting   

Ç Continuous monitoring: 

Çmandatory monitoring of VQ at system-level is not common in EU 

ÇExceptions: 

Ç Hungary: 

Ç regulator owns VQ recorders that are installed each semester in one of 6 

DSO on the LV 

Ç Norway: 

Ç regulator has introduced a mandatory requirement for each network 

company to monitor VQ continuously 

Ç companies have to identify a number and location of representative 

measurement points 

Voltage Quality 

SP shall develop and install VQ continuous monitoring systems 

with a commitment or the involvement of regulators 



Guidelines for Data Collecting   

Ç Occasionally/Individual monitoring: 

 

 
 

Ç VQ data that study suggests to be collected either through continuous or periodic 
monitoring ­ previously presented 

Ç Measurements shall be carried out according to technical norms  
CENELEC adopted norm IEC 61000-4-30  as a norm defining measurements methods for 
EN 50160 voltage characteristics 

 instruments shall be compliant with IEC 61000-4-30 requirements 

 

Ç CEER 4th Benchmarking report suggests ­ in order to able to determine actual 
performance of networks, VQ monitoring shall be performed for at least 3 years 

Voltage Quality 

service providers shall be legally obliged to provide individual VQ verification upon 

request of customers experiencing VQ problems  



Recommendations on Gradual Introduction  

of Regulatory Instruments 

Voltage Quality 
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Ç VQ is extremely technical and complex subject ­ involvement of regulators in this area 
is extremely recent 

Ç compared to other two areas of service quality regulation of VQ is still at a preliminary 
stage 

 

Objectives 

Collecting information 

and making it 

available 

Protecting the worst ï

served customer 

Delivering an 

efficient average 

level of quality 

Favouring market-like 

mechanisms and 

competition 

Instruments 
Measuring 

campaigns 

Voltage quality 

standards 

Premium quality 

contracts 

General framework for VQ regulation ï VQ instruments usually employed: 


