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Summary of proposed research (about ½ page)  

Prepare a ½ page summary describing the relevance and the scope of the proposed work, and the expected 
outcome(s) 

 

In recent years the preservation of adequate electrical quality has become a major problem when 
operating the electrical power grid as well as power distribution sources and loads. The reasons 
may include increase of requirements relating to the quality of power supply for susceptible groups 
of loads e.g. advanced power electronic drives and greater costs resulting from poor quality of 
power delivery. Nowadays industrial plants with highly automated production lines cannot operate 
properly without sustainable power supply with the precisely defined power quality parameters. 
This situation is going to be more difficult as power grid becomes no longer centralized, but with 
increasing saturation of energy sources and storage units classified as distributed energy 
resources (DER). On the one hand DER are experiencing the effect of poor power quality at the 
connection point, on the other, they themselves have a major impact on the supply parameters. 
An example is the wind farm, whose nature of electricity production has an impact on the level of 
voltage fluctuations. The same farm experiences adverse effects in case of, e.g. voltage dip 
caused by short-circuit at another point in the grid.  

Taking the above-mentioned issues into account there appear a need for fast and reliable method 
of location of power quality disturbances, in order to: 

a) point out and eliminate their sources form the power system e.g. by disconnecting them, 

b) determine who should bear the costs associated with particular disturbance, 

c) determine the need and place of deployment of compensation devices. 

The proposed project aims this need by developing the reliable system for localisation of power 
quality disturbances sources based on measurement in one point of common coupling (PCC). 
Such product could be used in distributed generation systems as a very useful tool to judge which 
side is responsible for injecting disturbances into the grid, consumer or supplier. This task requires 
a number of computer simulations (whose part of them are already done) and laboratory tests on 
various power system topologies to confirm the correctness of the method and face the problems 
which can be encountered in real systems. Authors would like to focus on the topology of 
distributed energy systems as a future of the European smart grid.  

The expected outcome is the prototype of automatic single point voltage disturbances localisation 
system, ready to be adapted to power quality analyser Certan PQ-100 which was developed in 
collaboration with AGH – University of Science and Technology, one PhD thesis and four MSc 
theses. 

The proposed project will be consulted on a regular basis with the power quality expert professor 
Zbigniew Hanzelka from AGH Kraków.  
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State-of-the-Art (about 1 ½ page)  

Describe in brief (in about 1½ pages) the current knowledge on the subject, citing recent relevant references. Identify 
any knowledge gaps and their relevance. 

 

Single point methods for localisation of disturbances are algorithms which, based on entered 
information about the system parameters and known (measured) values of voltage and current at 
the measuring point, determine whether the disturbance source is “upstream” or “downstream” the 
measuring point. Such algorithms can be implemented in the power quality analyser, expanding 
the scope of its functionality. The proposed project includes developing localization algorithms for 
the following: voltage dips, fluctuations and harmonics.  

 

The procedure of locating a voltage dip source generally involves two stages. First part is related 
with determining the place of dip source in system (downstream or upstream of the measuring 
point). In the second stage, specified algorithm computes precisely the location. Currently 
available methods of dip location do not guarantee 100% reliability. There are some approximate 
ways in use. They are based on analysis of voltage and current waveforms, direction of power 
flow during short circuit [1, 3], analysis of voltage change [2], voltage asymmetry during a dip [4]. 

 

Identification the source of voltage fluctuations is easy as long as there exist only one dominant 
source in the system – flicker level is depended only on working pattern of this dominant load. The 
situation, however, rarely occurs in distributed generation systems. Practically, in the most cases, 
there are several loads mutually influencing the voltage in a point of the system and therefore 
flicker level can be attenuated or amplified by mutual interaction of the loads. Consequently, the 
task of locating the dominant flicker source is much more complicated. Localisation of flicker 
sources involves, e.g. time correlation of flicker severity and loads operation, correlation of voltage 
rms, current rms, active or reactive power with flicker severity [5], identification of interharmonic 
power direction or interhamonic source identification [6]. 

 

There are many methods to assist in the location of the dominant source of voltage distortion. 
The most popular are based on a study of active power flow direction [7, 8, 9, 10], while other 
methods are based on a study of reactive power flow [11], determining the relative value of the 
voltage and current [3, 8], test voltage indicator [13, 14, 8, 15], or so-called critical impendence 
determination [16]. These methods are technically complex and require precise information about 
the circuit and values of equivalent parameters of the analysed system. In most cases, information 
on these impedances are difficult or expensive to obtain.  

 

Most of these methods have not been practically tested in a comprehensive manner so far. There 
are a little information about the possibility of their implementation and use in measurements of 
power quality. Authors of the proposal are familiar with most of the localisation methods – brief 
survey is presented in [17]. 
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Detailed Description of proposed project : Objectives – Expected Outcome  – Fundamental 
Scientific and Technical value and interest (2-3 pages)  

 

Provide a detailed description of the objectives of the proposed activity, the way these objectives will be fulfilled through 
the proposed work,  

 

The research formulated in this proposal is supposed to be the part of a larger project aimed at 
building a new type power quality analyser equipped with additional features, unique in other 
measuring devices currently available on the European market. Among these new functionalities 
there are algorithms for detection and localisation of sources of power quality disturbances (voltage 
dips, fluctuations and harmonics) which can be applied in distributed generation systems. 
Hardware part and basic functionality of the measuring device Certan PQ-100 is already done by 
AGH in collaboration with Procom System company www.procomsystem.pl, current development 
is focused on implementing new functions.  

To define the reliable methods for localisation of power quality disturbances it is necessary to 
conduct both simulation and practical tests. The first ones are currently under authors’ investigation 
and show that methods, presently available in publications, can give different results when used in 
the same conditions. Some methods have their limitations i.e. operate properly within the specified 
range, while beyond do not. Some of them are simpler and base only on the voltage and current 
measurement information, while others need additional information about the system, e.g. 
impedance values. 

Because of such differences of results between individual methods it is necessary to propose a 
new methodology which could take advantages form available solutions and in this way obtain the 
most reliable localisation result. For this purpose authors want to choose laboratory infrastructure 
from Centre for Development and Demonstration of DER technologies (Tecnalia-Lab) and use 
available there microgrid system to simulate power quality disturbances coming from different 
nodes and with presence of various types of distributed generation units and loads. The whole 
system will be monitored in integral points (their number will be dependent on how large the 
system is) by available on site measuring equipment including power quality analysers. Obtained 
data will be used as a learning set for artificial intelligence network in order to possible application 
in localisation system.  

The sequence of research include measurements on 3-phase system with different levels of 
complexity, starting from simple Thevenin equivalent circuit, through introduction new generation 
units and various types of loads, to finally measurements on the microgrid with renewable energy 
sources connected. In described system voltage disturbances will be inducted using programmable 
power source, switching of large loads or planned short-circuits. Simultaneous data processing will 
be done to direct the way of changing system during each measuring session and to correct 
possible faults.  

Authors want to hold three 5, 10 and 5 working days (see time schedule) measuring sessions 
separated by longer periods of time (approx. 1.5 month and 2.5 months before the second and 
third masuring session respecitvely) for data processing and possible modification of the next 
steps. The last visit to laboratory is intended for tests of already done localisation system.   

 
as well as indications on the expected outcome and the fundamental scientific and technical value and interest of the 
proposal. 

The expected outcomes of the research proposal are: 

a) localisation system with confirmed reliability in order to adapt in power quality analyser class 
A (main goal), 

b) comparison of available methods with determining the scope of appliance and estimating 
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their reliability 

c) wide measuring database describing distributed system behaviour and propagation of power 
quality disturbances (used in further research in the optimal deployment of the PQ 
analysers). 

d) one PhD and four MSc theses 

Authors work in the area of power quality and experienced a large market needs for this type of 
solutions which are one of the currently main priorities of the manufacturers of the power quality 
analysers.  

 
Specify the type of TA infrastructure (distributed generation simulator; domotic house; etc.) and the test setup. With the 
understanding that these aspects will be discussed with the TA infrastructure after approval of the proposal and specified 
in the Agreement to be signed between the TA infrastructure and the User team, indicate the number of tests to be 
carried out and their sequence, the response quantities to be measured through the instrumentation, etc.  

 

Proposed tests can be divided into two main parts – each focused on a different power system 
architecture. The main idea is to record system parameters and power quality parameters in 
measuring point when voltage disturbance occurs. This recording should be done in as many as 
possible system modifications made by using different voltage source parameters (i.e. levels of 
angles of individual harmonics, sinusoidal and rectangular voltage modulation), variable “supplier” 
and “customer” impedances, three or four-wire system, one or more generation units, etc. 

The first set of tests is based on Thevenin equivalent circuit which is treated as a simplified model 
of power system. It was chosen due to the fact that the circuit is used in theoretical derivation and 
analysis of localisation methods. The model is also easy to build in laboratory environment and its 
behavior is easy to control and predict. The intention is to start tests with simplified model so the 
results could be easily compared with the computer simulation. In this test the supplier side will be 
simulated by programmable power source while customer side by programmable passive load or 
another programmable power source (if it is available). The number of this circuit combinations and 
measurements is difficult to estimate but it can be assumed as more than 100 for each disturbance 
type. The number of measuring points will depend on circuit complexity (number of grid impedance 
steps and measuring units) and will not be less than 3 points. In this part it will be possible to 
eliminate errors in the technique of research, measurements and check the correlation between 
simulation methods (which will be done simultaneously).  

The second set of tests are intended to simulate behaviour of voltage disturbances in networks of 
different topologies which also contain DER. The main idea is to build physical network model 
using laboratory equipment and apply selected disturbance localisation methods to determine the 
voltage disturbance source. Detailed topologies and test procedures will be proposed after 
finishing the first set of test and will take into account equipment capabilities and achieved results. 
Other possible topologies involve using a wind turbine model and programmable supply source to 
simulate voltage fluctuation in weak power network with DER. A localisation method in this case 
should distinguish impact of the wind turbine from a load on voltage fluctuation. 

 
Describe any special requirements for equipment, standards, safety measures, etc. Point out any shortcomings, 
uncertainties and risks for the fulfillment of the project objectives, as well as the means to mitigate relevant risks. 

 

Since some of the considered methods use impedance values in their calculations, it will be 
necessary to receive the information about impedances of every components of microgrid system 
installed in the laboratory. Authors do not plan to perform impedance measurements on site. These 
information are needed to be known in order to use them in computer simulations. Authors will also 
request for additional information about microgrid topologies, possible to built using the laboratory 
equipment.  
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As was observed there might be a problem with number of measuring devices. There are three PQ 
analysers listed while we could be need to use more than five in order to measure in different 
points simultaneously. Authors are aware that there might be necessary to bring their own 
measuring instruments.  

One of the problems that might be faced is inaccuracy in measuring instruments readings, 
particularly in measurement of phase angles of voltage harmonics. Authors encountered such a 
problem in previous measurements when different PQ analysers shown different angle values. The 
way to detect such situation is to first of all make a measurement on a simple circuit and compare 
with simulation results. 

 

 

Originality and Innovation of proposed research – Broader Impact (1-2 pages)  

Demonstrate the originality and innovation of the proposed work and the impact the expected results will have on 
current and future research or practice, public safety, European standardization, competitiveness, integration and 
cohesion and on sustainable growth. 

The issue raised in the present project is relatively new and has not been entirely recognized yet. 
However, it arouses the interest of scientists and especially power system engineers because 
recognizing the party responsible for emission of disruptions in the power system often causes 
disputes between a power supplier and a power consumer. It is an expensive and time-
consuming process for both sides and this problem will arise when more distributed generation 
units will be connected to the power system. Fast localisation of disturbances, based on 
information from dispersed PQ analysers and power meters, may be the crucial factor in order to 
maintain grid stability.  

This subject is innovative, since there is not any other such a comprehensive study concentrated 
on the issue of disturbances localisation. There are many methods described, which make 
possible to point the disturbance culprit, however the majority of them is only confirmed in 
simulation. Moreover, there has never been any comparative analysis carried out. Therefore it 
would be a significant facilitation for the parties of dispute to use an instrument (power quality 
analyser), which would indicate the source of disruption on the basis of registered data. Such 
instrument with proposed algorithms would be a novelty on a world and European scale. What 
should be underlined is that this subject is now becoming a hot topic among the manufacturers of 
measuring equipment because actually there is a strong customer’s need. Deregulation of the 
electricity market led both energy supplier and customer to be interested in energy unambiguous 
determination of responsibility for the quality of energy in the point of common coupling (reference 
point). 

It should be also emphasised that the awareness of being localised and accused of generating 
grid interferences is the main driving force behind the development of technology aimed at 
improving power quality parameters in points of common coupling between energy supplier and 
customers.  
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Proposed Host TA Infrastructure/Installation – Justification (about one page)  

 

Specify the type of TA infrastructure (e.g. distributed generation simulator; domotic house; etc.) and if possible which 
one of the 13 TA Infrastructures in DERri may better serve the scope of the proposed research. Justifications should be 
provided on the grounds of the test set-up, testing method, equipment, past experience in relevant subject, etc. State 
whether the TA User team intends to deliver to the premises of the TA Infrastructure parts or components to be tested 
at the TA User’s expense and responsibility, or to cover the whole or part of the construction/adaptation cost of the 
specimens to be tested.  

 

After analysing equipment of the laboratories participating in DERri project authors want to 
propose Centre for Development and Demonstration of DER technologies (TECNALIA-LAB) 
as the place of execution of the project. This site fully complies with all technical and hardware 
requirements and allows to build each system topology specified in detailed description of the 
project.  

The most important equipment from the standpoint of the proposed research include: 

1. Programmable power source (Power electronics-based generating system for simulating the 
electrical network 62.5 kVa/50kW, 3-phase voltage 228/132 Vac, up to 500Hz, a step-up auto-
transformer to output 456/264 Vac and a programmable controller (UPC32) for simulation of 
transients in voltage, frequency and waveform, harmonics, programmable output impedance, 
etc.), 

2. Different types of loads (including programmable DC electronic load), 

3. Grid and distribution line simulator, 

4. Various energy generation units (diesel generators, photovoltaic installation, wind turbine, 
microturbine) 

5. Power quality analysers 

 

Authors intention is to use described equipment to build distributed generation microgrid with 
measurement units installed in various points of the system, and observe possible propagation of 
disturbances throughout system impedances.  

Also very useful may be observation of such microgrid in its normal operation i.e. without injecting 
artificial power quality disturbances.  

 

Probably it will be necessary to provide additional measuring devices currently in the possession 
of AGH – University of Science and Technology.  
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Synergy with ongoing research (about ½ page)  

Provide information on any concurrent research project with the same or similar subject with the one proposed. 
Describe the synergy (if any) that will be sought between the existing and the proposed project. 

 

The proposed research is in synergy with the following projects 

 

1. Two KIC InnoEnergy innovation projects focused on smart grid technologies and power 
systems with distributed energy resources. The first called Controllable and Intelligent Power 
Components (CIPOWER), work package 1, task 1.6, “Achieving power quality” – one of the 
deliverables declared to the project is development of methods allowing to point out the location 
of voltage disturbance source, and assess the emission level of loads or suppliers. The second, 
Active Sub-Stations (KIC-ASS) contains work package no 2 “New components” deeply 
connected with DER. One of the deliverables is demonstration of at least three power quality 
measuring methods and algorithms in conjunction in simulations. Projects started in mid 2011, 
and authors of the proposal are taking part in them. Deliverables of the projects are conforming 
with the proposal and effects of tests will be further used in both projects. 

 

2. National grant no 18.18.120.038 “Distributed System for Monitoring and Assessment of Power 
Quality in AGH”, main users of the proposal are also involved in the grant. The main objective is 
to develop and build a power quality monitoring system for the whole University. One of the 
tasks is to develop software environment for voltage quality analysis and assessment. 
Algorithms of voltage disturbance localisation are part of the software. 

 

3. Research project of Krzysztof Piątek connected with methods of voltage disturbances 
localisation and optimal selection of measuring points for power quality measurements. The 
research will be proposed for national grant – call for proposal in March 2012. The proposal fully 
conforms with the research and national grant project. In the testing facility existing methods will 
be tested in unified laboratory environment and the results together with simulations allows for 
determination of confidence levels of existing methods. 

 

3. PhD thesis of Krzysztof Chmielowiec devoted to localisation, measurement and effects of 
voltage fluctuations is fully consistent with this research proposal. The project is currently in 
progress. Research done in the Tecnalia laboratory is to be an integral part of the forthcoming 
doctoral dissertation.  

 

4. Paweł Balawender, Rafał Kozieł, Rafał Szkoda, Wojciech Kowalski – four master’s theses as 
a result of proposed project. 
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Dissemination – Exploitation of results  (about ½ page)  

Describe the means through which the results to be obtained from the proposed project will be diffused and made 
broadly known. 

 

1. Direct results will be presented at international scientific conferences, published in specialist 
magazines and will be available on the website devoted to distributed energy systems 
www.smartgrid.agh.edu.pl 

2. Commercial product – developed localisation system will be further implemented in power 
quality analyser  

3. European and national projects – results of research could be utilized in InnoEnergy 
CIPOWER and KIC-ASS projects and two national grants, all related to smart grid systems and 
power quality. 

4. PhD dissertation of lead user and MSc of users will be essentially based on test results. 

 

 

 

 

 

Time schedule (about ½ page)  

 
Provide an indicative time-schedule for the proposed work and a target starting date.  

 

S
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It is estimated that in subsequent laboratory research will be attending 4, 6 and 4 team members 
respectively. The target starting date is one month after receiving the approval decision.  

 
 

KCh
Typewritten text
.

KCh
Typewritten text
.
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Description of the proposing team (as long as needed)  

Give a short description of each member (organization and persons) of the proposing team including publications, 
experience in test campaigns and role in the proposed project. 

 

Krzysztof Chmielowiec  

Born in 1984 in Staszów, Poland. He received MSc degree in Electrical Engineering from AGH – 
University of Science and Technology in Krakow, 2009. His MSc thesis was devoted to 
assessing the quality of the power supply of large industrial plant. Since October 2009 he has 
been a PhD student at AGH, within the Department of Electrical Drive and Industrial Equipment. 
His PhD project is being made within The Knowledge and Innovation Consortium (KIC 
InnoEnergy). Since October 2010 he has been employed at AGH as an research/teaching 
assistant. His professional experience includes three years in the field of gas monitoring (2007-
2010). His current projects are strictly connected with power quality and renewable energy 
sources. He is the author or co-author of more than 10 scientific publications presented on either 
domestic and international conferences and over 20 power quality expertises for industry clients. 

He is intended to be a project-leader responsible for management and formulating testing 
procredures. He has strong experience in the field of power quality analysers and practical 
applications of methods for localisation of disturbances sources in the grid.  
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Hanzelka, Krzysztof Piątek // W: Ochrona przeciwpożarowa w instalacjach elektrycznych : konferencja 
naukowa : 17 października 2011 r., Warszawa  
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