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Abstract—This paper describes the activities of CIGRE WG 
C4.27 “Benchmarking of Power Quality Performance in Trans-
mission Systems”. The WG was established in December 2012 in 
recognition of demand for coherent set of guidelines for bench-
marking power quality performance in existing and future 
transmission networks. During the work the members of the WG 
have compiled extensive material related to the state of the art of 
benchmarking power quality performance in transmission sys-
tems. This paper summarizes current understanding of bench-
marking power quality performance issues and identifies direc-
tions in which the WG will continue to work in order to provide 
resolutions to outstanding questions. 

Index Terms—Power quality, power quality measurements, 
power quality benchmarking, power quality parameters. 

I. INTRODUCTION 

Power quality benchmarking is receiving growing interest 
from both transmission companies and electricity regulators. 
The work described in this paper is aimed at developing guide-
lines for technical performance benchmarking by combining 
the input from specialists in CIGRE C4 (System Technical 
Performance) and C5 (Electricity Markets and Regulation). 
Technical performance here refers to interruption performance 
(reliability), availability, voltage dips, and voltage waveform 
quality (harmonics, unbalance, magnitude, and flicker). The 
work undertaken by CIGRE C4 [1] identified that various 
transmission companies are using widely different indices for 
technical performance reporting, especially in the case of volt-
age dips, system reliability, and availability reporting. Various 
commercial benchmarking companies also use very different 
indices, and in some cases the manner in which common indi-
ces are defined and applied can vary greatly – making compari-

sons between performance reported by these different compa-
nies difficult. The peer groups for which such benchmarks are 
determined are also often not well selected, and characteristics 
of the systems are often not included with the benchmarking 
information. Furthermore, the identification of data that should 
be excluded from analysis is not consistent among transmission 
companies, again making comparisons difficult (e.g. third party 
caused incidents).  

The scope of the WG is to develop a set of guidelines for 
transmission technical performance benchmarking based on:  

• A review of the practical application and definitions of 
the indices proposed by the CIGRE WG C4.07 [1] for 
Transmission and Sub-Transmission systems (this re-
port on Power Quality Indices and Objectives has pro-
vided an in-depth analysis of possible indices, and pro-
vides proposals on indices and the manner in which 
these indices are calculated). These proposed indices 
may be used as a starting point, but may well need to 
be adapted or further defined for application to bench-
marking. 

• The definition of important “internal” indices such as 
circuit availability and line fault rates. 

• Consideration of the implications of recommendations 
on monitoring and reporting systems [2]. 

• Recommendations on how systems can be described 
(important characteristics to be identified as part of the 
benchmarking information) to assist transmission op-
erators, regulators, and benchmarking companies in the 
identification of a suitable peer group. 

• Highlight what historical data, system descriptions, and 
calculation methodologies need to be in place for ef-
fective benchmarking to be undertaken (or alterna-
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tively highlight cases where benchmarking is not an 
appropriate tool for decision making). 

For clarity, the aim of this working group is not to actually 
undertake benchmarking; rather, to provide a practical frame-
work for benchmarking studies.  

Although the focus of the proposed guideline is on as-
sessing the relative technical performance of two comparable 
systems, economic issues are also taken into consideration as 
the technical link between economic and technical benchmarks 
is important to regulators and the companies they regulate. 

The paper is divided into six sections as follows: In section 
two PQ performance objectives are covered. Section three pro-
vides a brief summary of the existing indices typically used in 
system power quality benchmarking. A summary of recom-
mended methods and indices for system benchmarking is given 
in section four. Section five gives an overview of system char-
acteristics influencing PQ performance benchmarking. The 
paper concludes with conclusions and discussion. 

II. OBJECTIVES OF BENCHMARKING PQ PERFORMANCE 

Benchmarking is above all the comparison between one set 
of (PQ) performance measures against another. A comparison 
(benchmarking) between the performance of different systems 
does not imply any value judgement. For any index of the PQ 
performance, one system will give a different result from an-
other for many reasons including: 

• characteristics of the system; 
• design of the network; 
• climate conditions; 
• characteristics of the connected customers; 
• applicable standards; 
• funding available to the utility; 
The typical steps in the power quality benchmarking pro-

cess are:  
1. Select benchmarking indices; 
2. Collect power quality data; 
3. Select the benchmark; 
4. Determine target performance levels. 
The benchmarking process therefore starts with selection of 

indices suitable for the purpose of describing the system per-
formance in terms of power quality over a given period of time.  

III. EXISTING INDICES 

A. Harmonics 

For harmonics assessment, statistical evaluation is used to 
produce a number of indices based on measured data. The ma-
jority of standards (including IEEE) that specify statistical 
evaluation methods and limits for harmonics now employ the 
measurement methods described in IEC 61000-4-7 [3] and IEC 
61000-4-30 [4]. Common statistical indicators used include 
99th percentile and 95th percentile values. Common assessment 
intervals include 3 second and 10 minute values which are 
evaluated over daily and weekly evaluation periods. In all 
cases, statistical evaluation is used to determine an index for 
each harmonic order (plus THD) which is then compared to a 
limit value.  

For transmission systems, the two most commonly applied 
or referenced standards which specify limits (or planning lev-
els) for harmonics are IEEE 519 [5] and IEC 61000-3-6 [6] 
(there are national standards, such as G5/4-1 in the UK [7] or 
jurisdictional clones such as the Australian equivalent TR IEC 
61000.3.6:2012 [8]). These standards specify limits or planning 

levels for harmonic up to the 50th order. As such, the existing 
indices for harmonics are generally one or more statistical 
measures (e.g. 99th percentile, 95th percentile) of harmonic data 
measured over one or more time intervals (e.g. 3 second, 10 
minute) for 50 orders plus THD evaluated over one or more 
evaluation intervals (e.g. one day, one week) for each phase. It 
should be noted that there are other standards available and in 
use, but none apply directly to the transmission systems. These 
standards are applied to low voltage systems or medium and 
high voltage distribution systems. 

Other than a requirement for consistent evaluation method-
ologies, the current widely used standards for either harmonic 
measurement methodology or application of limits and plan-
ning levels or are effectively silent with regard to guidelines for 
benchmarking. One resources that does provide guidance for 
benchmarking of harmonics is the CEER Guidelines of Good 
Practice on the Implementation and Use of Voltage Quality 
Monitoring Systems for Regulatory Purposes [9]. The pro-
posed benchmarking methodology for voltage harmonics as 
described in the document is reproduced below: 

• The following harmonics orders are considered: 
- Harmonic subgroup 3 (in LV networks only); 
- Harmonic subgroup 5; 
- Harmonic subgroup 7; 
- The total harmonic distortion over all odd harmonic 
subgroups of order 9 through 39; 

- The total harmonic distortion over all even harmonic 
subgroups of order 2 through 40. 

• The following indices are calculated for each site: 
- The 99% value of the harmonic characteristic over 
one year; 

- For harmonic subgroups 3, 5 and 7: The number of 
values that exceed the EN50160 values during the 
year; 

- For harmonic subgroups 3, 5 and 7: The number of 
values that exceed 75% of the EN 50160 values dur-
ing the year; 

- The number of 10-minute intervals during which at 
least one of the EN 50160 limits is exceeded. 

• The following methods are used to calculate system 
indices (i.e. a single number for a large number of sites 
or the entire network): 
- The 95% value of the 99% values for each site; 
- For harmonic subgroups 3, 5 and 7: The 95% value of 
the number of values that exceed the EN 50160 limits; 

- For harmonic subgroups 3, 5 and 7: The 95% value of 
the number of values that exceed 75% of the EN 
50160 limits; 

- For harmonic subgroups 3, 5 and 7: The percentage of 
sites for which at least one of the values exceeds the 
EN 50160 limits; 

- For harmonic subgroups 3, 5 and 7: The percentage of 
sites for which at least one of the values exceeds 75% 
of the EN 50160 limits; 

- The 95% value of the number of 10-minute intervals 
during which at least one of the EN 50160 limits is 
exceeded. 

Even if the most common evaluation methods for meas-
urement and evaluation of harmonic performance are used, 
there will be a very large number of individual harmonic indi-
ces produced by any survey. The following is a common set of 
site indices: 

• 50 harmonic orders plus THD; 
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• 3 phases; 
• 99th percentile daily 3 second values; 
• 95th percentile weekly 10 minute values. 
Calculation of the above will result in over 300 indices for 

each site; far more than are required for benchmarking pur-
poses. As such, there is a requirement to select a subset of har-
monic indices for the purposes of benchmarking against peers. 

The first step in the benchmarking process is to calculate 
indices for each site. These site indices can then be used to 
calculate indices for multiple sites or for the entire network. 
Calculation of site indices is achieved by applying a statistical 
measure to each harmonic order included in the data subset 
over the evaluation period. Before calculation of site indices, it 
is recommended that flagged data (as defined in IEC 61000-4-
30) be removed.  

For the purposes of benchmarking it is recommended that 
the 95th percentile value for each harmonic order in the data 
subset be used as the site index. Specifically, it is proposed that 
the following should be calculated at each site and used for 
benchmarking: 

• The 95th percentile value of the THD of all harmonic 
orders over the evaluation period; 

• The 95th percentile value of the THD of all orders (odd 
and even) 2nd to 15th; 

• The 95th percentile value of the THD of all orders (odd 
and even) 15th to 50th. 

In addition to the above the transmission network operator 
may also choose to calculate the following: 

• The 95th percentile value of the THD of all orders (odd 
and even) 50th to 100th. 

For sites with multiple phases, the largest index across all 
three phases should be retained as the benchmarking index. 

B. Flicker 

Voltage fluctuations and flicker have been assessed for 
many years using the internationally-recognized concept of a 
10-min short-term flicker severity (Pst) and a 120-min long-
term flicker severity (Plt) as defined in IEC 61000-4-15 [10]. 
The American standard IEEE P1453 [11] refers to the same 
method. 

In the Far East (Japan, Korea, Taiwan) the Japanese ΔV10 
–method [12] is widely used. In this case values are determined 
on a minute-by-minute basis. The relevant value is the 4th high-
est after one hour.  

Due to flicker transfer characteristics (decrease of flicker 
with increasing short circuit capacity) and the cubic summation 
law, flicker in transmission systems is usually dominated by 
single large installations like electric arc furnaces. Comparative 
measurements between Pst_max values and ΔV10 (4th) give a 
ratio of 3 for those applications [15].  

For MV and HV IEC does not provide compatibility levels, 
only planning levels. Indicative values are provided by IEC 
61000-3-7 [16], IEEE 1453 refers to the same standard.  

The 95 % and 99 % probability weekly value of Pst and the 
95 % probability weekly value of Plt should be provided by 
measurement. The weekly 95 % probability value of Pst and Plt 
should not exceed the chosen planning levels. The 99 % proba-
bility value of Pst may exceed the planning level by a factor 
(for example: 1 to 1,5) to be specified by the system operator 
or owner. 

In [1] it is recommends to use the weekly 95 % probability 
value of Plt as site index, but does not consider a system index 
as essential. 

C. Unbalance 

Voltage unbalance is commonly assessed based on the ratio 
of negative phase sequence component of the supply voltage to 
positive phase sequence component. In some cases the ratio of 
zero-sequence to positive sequence is also used. Voltage un-
balance measurement and evaluation procedure is defined in 
detail in IEC 61000-4-30 [4], whereas IEC 61000-3-13 [17] 
provides planning levels. According to [1] only fundamental 
components shall be used, i.e. all harmonic components should 
be eliminated. For assessment different values can be used, for 
example, 10-cycle (50 Hz) and 12-cycle (60 Hz), 3-second 
intervals and 10-minute intervals. For unbalance 2-hour values 
(obtained by combining 10-minute values) can also be used. 

According to the CEER Guidelines [9], 10-minute ratio of 
negative and positive voltage should be calculated and flagged 
values due to interruptions, voltage dips, voltage swells, rapid 
voltage changes, voltage transients and transient overvoltages 
should be removed from the statistics. For every monitor loca-
tion, the following site indices should be calculated over each 
calendar year: 

• The 99 % value of the unbalance over one year;  
• The number of unbalance values that exceed 2 % dur-

ing the year;  
• The number of unbalance values that exceed 1.5% dur-

ing the year. 
For a system with at least 20 monitor locations, the fol-

lowing system indices should be calculated for every calendar 
year: 

• The 95 % value of the 95 % values for each site;  
• The 95 % value of the number of unbalance values that 

exceed 2 %;  
• The 95 % value of the number of unbalance values that 

exceed 1.5 %;  
• The percentage of sites for which at least one of the 

unbalance values exceeds 2 %;  
• The percentage of sites for which at least one of the 

unbalance values exceeds 1.5 %. 
In [1], it is recommended to use consistent index for char-

acterizing voltage unbalance, e.g., the 95 % probability weekly 
value of Unegsh. (negative sequence voltage unbalance factor). 
The recommended system index is the percentage of site indi-
ces that exceeds the voltage characteristics in a given reporting 
period. The choice of a specific objective to be met is a matter 
of agreement between the system operator and the regulator. 
With regard to planning level it is recommended in [1] to com-
pare the actual level of voltage unbalance with the planning 
level by using one or both of the following: 

• The 95 % probability daily value of Uneg,vs (r.m.s. 
value of voltage unbalance factor over ‘very short’ 3-s 
periods); 

• The 99 % probability weekly value of Uneg,sh (rms 
value of voltage unbalance factor over ‘short’ 10 min. 
periods). 

The 95 % probability value should not exceed the planning 
level. For the 99 % probability indices, planning levels may be 
exceeded by a factor, e.g. 1.25-2 times, to be specified by the 
system operator, depending on the system and load character-
istics. 

D. Voltage Dips and Swells 

Various methods of indices to characterise voltage dips and 
various methods of reporting dips are proposed by different 
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organisations. No single method has been accepted among or-
ganisations, though various methods show similarities. 

Indices for individual voltage dips include: 
• Voltage dips according to IEC 61000-4-30: 

- characterizes single-event voltage dips in terms of 
magnitude and duration; 

• Voltage sag indices according to IEEE P1564: 
- characterizes single-event voltage dips in terms of 
magnitude and duration; 

- voltage-dip energy; 
- voltage-sag severity; 

• Voltage swells are recorded in a similar way to the re-
cording of voltage dips. 

Methods of reporting dip results for a site or for a network 
(system) are as follows: 

• Magnitude-duration table in form of the so-called den-
sity table is in common use where the columns of the 
table represent ranges of voltage-dip duration and the 
rows represent ranges of retained voltage. Various ta-
ble formats are given in IEC TR 61000-2-8, IEEE 
P1564, EN50160, NRS-048-2, Unipede DISDIP. 

• SARFI indices according to IEEE P1564: 
- System Average RMS variation Frequency Index 
(SARFIx) gives the number of events per year with a 
duration between 0.5 cycle and 1 minute and a re-
tained voltage less than X% and is obtained as a 
weighted average over all monitor locations within a 
supply network or within part of the supply network, 
however the term is also used to refer to the event fre-
quency at one location; 

- System Instantaneous Average RMS (Variation) Fre-
quency Index voltage (SIARFIx), System Momentary 
Average RMS (Variation) Frequency Index voltage 
(SMARFIx), System Temporary Average RMS (Vari-
ation) Frequency Index voltage (STARFIx), repre-
sents the average number of specified instantaneous 
rms variation measurement events that occurred over 
the assessment period per customer served. The speci-
fied disturbances are those with a magnitude less than 
x for sags or a magnitude greater than x for swells and 
duration in the range of respectively: 0.5 - 30 cycles, 
30 cycles to 3 seconds, and 3 - 60 seconds for sags 
and swells. 

• Voltage-sag co-ordination chart gives the number of 
events per year, sags and interruptions, as a function of 
the severity of the event, and these charts are described 
in IEEE Std.493 and IEEE Std.1346; 

• Dip Performance/Sensitivity Area Plots describes spe-
cific areas on a magnitude/duration plane that attempt 
to provide generalized guidelines on areas where dips 
are likely to occur, and areas that customers are likely 
to be affected by, in order to reduce the number of in-
dices that need to be reported and managed, based on 
the most "appropriate" grouping of dip events; plots 
are given in: 
- IEEE P1564 SARFI-Curve gives the number of 
events per year with a duration between 0,5 cycle and 
1 minute below the predefined curve; 

- NRS-048-2 dip reporting method; 
- EDF dip reporting method used in contracts. 

All dip indices make use of the individual dip measurement 
methods described in IEC 61000-4-30. The dip is characterised 

by the residual voltage and its duration. The dip threshold and 
the hysteresis voltage are both set by the user. Regarding the 
dip evaluation, polyphase aggregation and time aggregation is 
applied. Voltage dips classification is performed with the aid of 
magnitude-duration tables for a specified period and is used in 
all standards on the networks of electricity systems. The cell 
format of the magnitude-duration table is customised to the 
needs of the users of the standards. 

E. Interruptions 

The most common indices used for benchmarking are the 
System Minute (SM) and the System Energy Not Served 
(ENS) Factor: 

The System Minute is calculated from the quotient 

 

The System Energy Not Served (ENS) Factor is calculated 
from the quotient 

 

For generators, the corresponding indices are System 
Minutes (SM) (imported) 

 

and Estimated Energy Not Imported (ENI) 

 

Other indices that do not take the effect on the customer 
into account are more concerned about loss of service between 
the transmission company and the distribution company (this 
interface is defined as the Connection Point). 

A transmission system index that quantifies the number of 
connection point interruptions over the reporting period is 
SAIFI (System Average Interruption Frequency Index), which 
is measured in interruptions per connection point during the 
reporting period. Another transmission system index that 
quantifies the duration of the Connection Point interruptions is 
SAIDI (System Average Interruption Duration Index), which is 
measured in hours of interruptions per reporting period. If no 
customers experience an interruption due to a particular Con-
nection Point interruption then this interruption may be ex-
cluded from the calculation of the above indices. 

IV. RECOMMENDED METHODS AND INDICES FOR SYSTEM 

BENCHMARKING  

If a single value is required for a large number of sites or 
even an entire network, it is recommended that the 95th percen-
tile value of the site indices defined above be used as the index 
to be benchmarked. This 95th percentile value is then termed 
the system index. The 95th percentile value is selected as it is 
specified in the CEER Guidelines of Good Practice on the Im-
plementation and Use of Voltage Quality Monitoring Systems 
for Regulatory Purposes and also in IEC/TR 61000-3-6, -7 and 
-13 as follows:  

“Compatibility levels are generally based on the 95 % 
probability levels of entire systems, using statistical distribu-
tions which represent both time and space variations of dis-
turbances. There is allowance for the fact that the system oper-
ator or owner cannot control all points of a system at all times. 

952



Therefore, evaluation with respect to compatibility levels 
should be made on a system-wide basis and no assessment 
method is provided for evaluation at a specific location.” 

However, careful consideration of the number and location 
of monitored sites is necessary. The CEER guideline recom-
mends performing monitoring at all EHV/HV, EHV/MV and 
HV/MV substations. 

The benchmarking evaluation period is the time interval 
over which index calculation will be performed. Many stand-
ards define a one week evaluation interval as being appropriate 
to determine the characteristics harmonic performance at a site. 
However, recent work performed within the WG suggests that 
a one week interval is insufficient to fully characterise the per-
formance of a site. Determination of an appropriate evaluation 
interval for calculation benchmarking indices is an area of on-
going work for the WG. 

Based on the above, specifically, the following should be 
calculated: 

A. Harmonics 

• The 95th percentile value of all site indices for the THD 
of all harmonic orders; 

• The 95th percentile value of all sites indices for the 
THD of all orders (odd and even) 2nd to 15th; 

• The 95th percentile value of all site indices for the THD 
of all orders (odd and even) 15th to 50th. 

In addition to the above the transmission network operator 
may also choose to calculate the following: 

• The 95th percentile value of all site indices for the THD 
of all orders (odd and even) 50th to 100th. 

B. Flicker  

• The 95th percentile value of all site indices for the Pst 
and Plt 

C. Unbalance 

• The 95th percentile value of all site indices for the 
Uneg,sh 

D. Voltage Dips and Swells 

Various methods of indices to characterise voltage dips and 
various methods of reporting dips are proposed by different 
organisations. No single method has been accepted among or-
ganisations, though various indices and its used methods to 
construct the indices show similarities. Ongoing work in the 
WG will concentrate on proposing relevant system index(es) 
for benchmarking. 

E. Interruptions 

Because of the difficultly of applying the Connection Point 
Indices (with potential back-feeding, loss of a connection point 
does not necessarily lead to loss of supply to any customers), it 
is suggested that the System Minute indices be used. 

For an event that produces an individual System Minute 
value that equals or exceeds one, this is characterized as a 
’major event’ and is reported separately and individually 

V. SYSTEM CHARACTERISTICS FOR BENCHMARKING 

A. Harmonics 

For the purposes of benchmarking it is recommended that 
only voltage harmonics be considered. The justification for this 
is that current harmonic levels will be highly site specific and 
hence totally random. However, if similar allocation strategies 

are used and similar standards or regulations governing ac-
ceptable harmonic levels are in place, it is reasonable to as-
sume that for sites with similar characteristics voltage har-
monic levels should be comparable.  

When the system characteristics which may impact har-
monic performance are considered, there are a number of char-
acteristics that will apply to all harmonic orders, while there 
are others which will be more applicable to either lower or 
higher order harmonics. For the purposes of the technical bro-
chure, low order harmonics are defined as those less than or 
equal to the 15th, while high order harmonics are defined as 
those greater than the 15th. 

The following are network characteristics which must be 
considered when benchmarking voltage harmonics: 

• The harmonic allocation strategy, limits/planning lev-
els and regulatory regime which is in place. A network 
operator will design and operate a network to suit the 
operating restrictions in place. There is no driver for a 
network to maintain harmonic levels below the limits 
which are in place. To do so, unnecessarily is an ineffi-
cient use of network capacity. Conversely where har-
monic levels are being exceeded it may be necessary 
for network operators to install harmonic mitigation 
strategies to ensure compliance. For example, it is very 
difficult to compare networks which operate under 
IEEE harmonic limits with networks operating under 
IEC principles due to the fact that the different stand-
ards allow different voltage harmonic magnitudes. 

• The network design/characteristics. Harmonic voltage 
levels are a function of the injected harmonic current 
and the network impedance. The design characteristics 
of the network will have significant impacts on the im-
pedance of the network and hence harmonic voltage 
levels. network design characteristics that should be 
considered include: 
- The voltage level of the network; 
- The construction of the network, e.g. underground ca-
ble or overhead conductor; 

- Whether the network is meshed or radial; 
- The network security requirements. This determines 
the number of lines and transformers that must be kept 
in service; 

- Known resonances; 
- Known sources of harmonics such as load control rip-
ple injections frequencies used at distribution voltage 
(also known as audio frequency injection control 
(AFIC)). 

• The load/generation connected to the network. The 
loads/generators connected to the network determine 
the characteristics of the injected harmonic current. 
Different loads will have different harmonic current 
magnitudes as well as characteristic harmonic profiles. 

B. Flicker  

The most significant network parameter with regards to 
flicker is the system strength, usually expressed in terms of 
minimum and maximum short circuit capacity. Besides that, 
the information about large fluctuating installations like elec-
tric arc furnaces helps to perform a meaningful benchmarking 
of different systems. 
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C. Unbalance 

The level of voltage unbalance is influenced in general by 
the system strength. Other factors relevant are overhead line 
configuration, and type and connection of loads, e.g. traction 
load.  

D. Voltage Dips and Swells 

Characteristics of voltage dips and swells are dependent on 
short-circuits (e.g. dielectric breakdown due to atmospheric 
events, mechanical interference and damage, breakdown of 
network or user, accidents or errors in operation and mainte-
nance), load fluctuations (e.g. starting of motors, connection or 
disconnection of reactive power compensation devices, gross 
fluctuation of loads), network (e.g. topology, type of neutral 
earthing, network design requirements (redundancy, protec-
tion), system strength (distribution of short-circuit power over 
the network, type of generation). 

E. Interruptions 

System characteristics important for benchmarking the in-
terruption performance are: 

• Circuit length proportion that is overhead line; 
• Circuit length proportion that is cable; 
• Redundancy of circuits and busbars; 
• Lightning severity; 
• Pollution severity; 
• Failure rate of components. 
Ideally the transmission networks benchmarked should be 

similar in the above respects. 

VI. CONCLUSIONS 

This paper presented the results from the work of CIGRE 
WG C4.27 - Benchmarking of Power Quality Performance in 
Transmission Systems. The working group has addressed and 
analysed different aspects of PQ performance benchmarking in 
transmission system.  

The paper presented the current understanding and an over-
view of international practice regarding power quality perfor-
mance benchmarking. Thanks to a coordinated effort of many 
experts from around the world extensive data have been col-
lected and the key features of existing practices extracted and 
reported. 

The issues that need to be particularly addressed and for 
which a clear guidance should be provided include:  

• The recommended indices or a set of indices, including 
“internal” indices; 

• The subset of data to be used considering system char-
acteristics; 

• The benchmarking evaluation period; 
• Consideration and management of data availability and 

sparse data; 
• The statistical evaluation methods used to determine 

the indices for benchmarking for individual sites; 
• The method by which individual site indices are com-

bined to produce single indices for each data subset for 
large numbers of sites or entire networks. 

The working group will continue to report on its activities 
regularly and to invite contributions from wide audience in 
order to provide as complete and practical guidelines for 
transmission system PQ performance benchmarking in current 
and future power networks. 

CIGRE WORKING GROUP C4.27 MEMBERS 

Working Group consists of 13 regular members from 10 
different countries. Members: D. Vujatovic (UK, Convener), J. 
Kilter (EE, Secretary), S. Elphick (AU), Herwig Renner (AT), 
John van Coller (ZA), Frans van Erp (NL), Theo Laughner 
(US), Curtis Roe (US), Benjamin Genet (BE), Sergio Luis Pa-
sero (ES), Peter Haigh (UK), Richard Ball (UK), Dalton Brasil 
(BR). 

REFERENCES 

[1] Power Quality Indices and Objectives. CIGRE Technical Bro-
chure No 261, Working Group C4.07, 2004, 98 pp. 

[2] J. Kilter, J. Meyer, B. Howe, F. Zavoda, L. Tenti, J. V. 
Milanovic, M. Bollen, P. F. Ribeiro, P. Doyle, and J. M. Romero 
Gordon, “Current Practice and Future Challenges for Power 
Quality Monitoring-CIGRE WG C4.112 Perspective”. ICHQP 
2012, 16-20 June, 2012, Hong Kong, China. 

[3] IEC 61000-4-7: Electromagnetic compatibility (EMC) - Part 4-
7: Testing and measurement techniques - General guide on har-
monics and interharmonics measurements and instrumentation, 
for power supply systems and equipment connected thereto. 
IEC, 2009. 

[4] IEC 61000-4-30 (Ed. 3): Electromagnetic Compatibility (EMC) 
- Part 4-30: Testing and measurement techniques - Power qual-
ity measurement methods. IEC, 2015 

[5] IEEE Std 519 (2014): IEEE Recommended Practice and 
Requirements for Harmonic Control in Electric Power Systems.  

[6] IEC/TR 61000-3-6, (Ed. 2): Electromagnetic compatibility 
(EMC) – Part 3-6: Limits – Assessment of emission limits for 
the connection of distorting installations to MV, HV and EHV 
power systems. IEC, 2008. 

[7] Engineering Recommendation G5/4-1 Planning Levels for Har-
monic Voltage Distortion and The Connection of Non-Linear 
Equipment to Transmission Systems and Distribution Networks 
in The United Kingdom, October 2005. 

[8] Standards Australia, TR IEC 61000.3.6:2012- Electromagnetic 
Compatibility (EMC) - Part 3.6: Limits—Assessment of emis-
sion limits for the connection of distorting installations to MV, 
HV and EHV power systems. 

[9] CEER/ECRB, Guidelines of Good Practice on the Implementa-
tion and Use of Voltage Quality Monitoring Systems for Regu-
latory Purposes, 2012. 

[10] IEC 61000-4-15: Electromagnetic compatibility (EMC) – Part 4-
15: Testing and measurement techniques – Flickermeter – Func-
tional and design specifications. IEC, 2010. 

[11] IEEE Std 1453 (2015): IEEE Recommended Practice for the 
Analysis of Fluctuating Installations on Power Systems. 

[12] CIGRE TB 449, Review of Flicker Objectives for LV, MV and 
HV Systems, WG C4.108, 2011. 

[13] Problems of estimation technique for voltage fluctuation and 
research subjects - Comparison between ΔV10 meter and IEC 
flicker meter – CRIEPI Report: T99041, 2000/05 (in Japanese). 

[14] A. Novitskiy, H. Schau, “Analysis of a Ratio between ΔV10 and 
Pst Flicker Criteria”, UPEC 2011, 46th International Universi-
ties' Power Engineering Conference, 5-8th September 2011, 
Soest, Germany. 

[15] D. Arlt, M. Stark, and C. Eberlein, “Examples of International 
Flicker Requirements in High Voltage Networks and Real 
World Measurements”, Proceedings of the 9th International 
Conference on Electrical Power Quality and Utilisation, Barce-
lona, Spain, Oct. 9-11, 2007. 

[16] IEC/TR 61000-3-7 (Ed. 2): Electromagnetic compatibility 
(EMC) – Part 3-7: Limits – Assessment of emission limits for 
the connection of fluctuating installations to MV, HV and EHV 
power systems. IEC, 2008. 

[17] IEC 61000-3-13: Electromagnetic compatibility (EMC) — Part 
3-13: Limits - Assessment of emission limits for the connection 
of unbalanced installations to MV, HV and EHV power systems. 
IEC, 2008. 

954



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


