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At the beginning of the XXI century a fundamental rethinking of energy policy in energy-developed
countries takes place in the transition from "industrial" phase of development of economy and society to the
"post-industrial”, "information phase", "society of knowledge". Energy policy is in stream of the
environmental and social requirements, the requirements of economic and organizational stability and
security. The key requirements for the new energy sector of the XXI century are: availability, high reliability,
efficiency, eco-friendliness and safety.

There have been significant changes in the strategy of energy development that meet the
requirements of sustainable development in the world. Thus, the dominant types of energy changed: coal —
until 1930, oil — 1930—1970; nuclear energy — after 1970; gas — after 1970, alternative and renewable energy
sources (RES) — after 2010. The main emphasis was placed on continuity and coordinated actions, while
ensuring the preservation of three components: the power supply (uninterrupted supply of electricity
corresponding its quality) energy availability (energy-saving and affordable prices for electricity) and eco-
friendliness (minimal impact on the environment) [4,5]. These components are considered as the basis for
achieving the global goal — to ensure sustainable development, ensuring sustainable economic growth, living
standards, protection of ambient.

The development, of the computer technologies and Internet capabilities, the appearance of recent
advances in information and network technologies, command and control systems (CCS) based on
microprocessor and power electronics devises, and the other — the development of market relations in the energy
business led to a new leap in energy efficiency and became a premise of a new kind of energy sector — smart
energy sector. Extensive development of the concept of "smart efficiency" takes place, it reflects the intellectual
interaction of pricing, production processes and efficient use of resources in the energy embodied in the concept
of Smart Grid. Over the past decade the development of electricity sector in the world is characterized by a
number of factors that determine the need for fundamental reforms in the electricity sector [4]-[8].

As electricity demand in Ukraine is expected to grow, Distributed Generation (DG) is expected to
play an increasingly important role in the future of power systems. Distributed generation is defined as a
small-scale generation unit, i.e. 10 MW or less that can be interconnected at or near the customer load. The
technologies for DG are based on photovoltaics, fuel cells, combustion gas turbines, micro turbines and wind
turbines. These technologies are also known as alternate energy systems as they provide alternatives to the
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traditional electricity sources, i.e. oil, natural gas and coal. In addition to serving as backup power sources,
DGs are becoming increasingly popular because they have low GHG emission levels, low noise levels and
high efficiency.

Distribution system stability and reliability are very important factors in system planning and
operation. The stability of electricity grid — is the ability of the system to return to its original state after the
termination of small disturbances that brought it to this condition. Under the static stability of power systems
there are normalized minimum safety factors of active power in cross section with minimum safety factors of
load voltages at load points [3]. In addition, the range of disturbances is set for the provision of the dynamic
stability and the reserves of static stability in the post-accident operation modes, and the allowable area of
modes should be ensured by the absence of self-disturbances of the system. The stability indices for power
systems are normalized according to [3].

According to the resolution # 232 of National Electricity Regulatory Commission of Ukraine from
17.02.2011 on approval of report # 17 — NERC (quarterly) "Report on the reliability of electricity supply"
and the # 18 — NERC (quarterly) "Report on the performance of the commercial quality of service" and
instructions for filling them, the reliability of electricity consumers in Ukraine is shown over reliability
indices as follows:

- SAIDI: System Average Interruption Duration Index.

The System Average Interruption Duration Index (SAIDI) indicates the total duration of interruption
for the average customer during a predefined period of time. It is commonly measured in minutes or hours of
interruption .
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- SAIFI: System Average Interruption Frequency Index.
The System Average Interruption Frequency Index (SAIFI) indicates how often the average

customer experiences a sustained interruption over a predefined period of time
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— MAIFI: Momentary Average Interruption Frequency Index.
The Momentary Average Interruption Frequency Index (MAIFI) indicates the average frequency of
momentary interruptions
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- ENS: Total energy not supplied.
Total energy not supplied is the sum of load (kW) times its outage duration (hr/yr)
ENS = I Load x OutageDuration . 4

The reliability indices mentioned above (SAIDI, SAIFI, MAIFI and ENS) were presented by the
IEEE standard in [2] are used to evaluate reliability of the system. In [2], the IEEE standard for reliability
indices, as well as terms and definitions related to them, were presented.

This guide was developed in 1998 to create indices specifically designed for distribution systems. It
was updated in the 2003 revision to clarify existing definitions and to introduce a statistically based
definition for classification of Major Event Days. The working group created a methodology, 2.5 Beta
Method, for determination of Major Event Days (MED).

According to which, a threshold on daily SAIDI is computed once a year as follows:

a) Assemble the five most recent years of historical values of SAIDI/day. If less than five years of
data is available, One must use as much as is available;

b) Discard any day in the data set that has a SAIDI/Day of zero;

¢) Find the natural logarithm of each value in the data set;

d) Compute the average (o, or Alpha) and standard deviation (B or Beta) of the natural logarithms
computed in step a);

e) Compute the threshold TMED = exp(a + 2.5°B);

f) Any day in the next year with SAIDI > TMED is a MED.
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Once days are classified as normal or Major Event Days, appropriate analysis and reporting can be
conducted.

Stability and reliability indices for Ukraine were formed according to the old IEEE standards, but
last year the new edition of IEEE standard was issued — IEEE Std. 1366-2012 Guide for Electric Power
Distribution Reliability Indices.

What changes it brings and what can Ukraine use to improve the stability of electricity grid?

Index MAIFIg (Momentary Average Interruption Event Frequency Index) presented in this standard,
for example, can be more helpful in getting the interruption events statistics in scope of MAIFI data which is
now used in Ukraine. This index indicates the average frequency of momentary interruption events. It does
not include the events immediately preceding a sustained interruption lockout and is given in Eq. (5)
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In addition SAIDI index can be improved and diversified by the specific areas of the load graph like
it is given in Eq. (7). The same can be proposed for the ENS index see Eq. (8)
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The latest 2012 revision of the guide clarified several of the definitions and introduced two new
indices. The new indices are CELID-s and CELID-t, customers experiencing long interruption durations
(both single and total). With an extra added section, to explain the investigation of catastrophic days.

The Customers Experiencing Long Interruption Durations Index (CELID) indicates the ratio of
individual customers that experience interruptions with durations longer than or equal to a given time. That
time is either the duration of a single interruption (s) or the total amount of time (t) that a customer has been
interrupted during the reporting period. Mathematically, the Single Interruption Duration equation is given in
Eq. (9) and the Total Interruption Duration equation is given in Eq. (11).
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This indices also can be improved and diversified by the end user category like it is given in Eq. (13).
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Major Event Days and catastrophic days. When using daily SAIDI and the 2.5 method, there is
an assumption that the distribution of the natural log values will most likely resemble a Gaussian
distribution, namely a bell-shaped curve. As companies have used this method, a certain number of them
have experienced large-scale events (such as hurricanes or ice storms) that result in unusually sizable daily
SAIDI values. The events that give rise to these particular days, considered “catastrophic events,” have a low
probability of occurring. However, the extremely large daily SAIDI values may tend to skew the distribution
of performance toward the right, causing a shift of the average of the data set and an increase in its standard
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deviation. Large daily SAIDI values caused by catastrophic events will exist in the data set for five years and
could cause a relatively minor upward shift in the resulting reliability metric trends. While significant study
was undertaken to develop objective methods for identifying and processing catastrophic events (in order to
eliminate the noted effect on the reliability trend), the methods that were developed, in order to be
universally applied, caused for many utilities, catastrophic events to occur far too often to accept as being
reasonable. In addition, the elimination of catastrophic events from the calculation of the major event
threshold caused, in some utilities, a rather large increase of days identified as MEDs in the following five
years. It is recommended that the identification and processing of catastrophic events for reliability purposes
should be determined on an individual company basis by regulators and utilities since no objective method
has been devised that can be applied universally to achieve acceptable results.

Fairness of the 2.5p method. According to the new standard it is likely that reliability data from
different utilities will be compared by utility management, public utilities commissions, and other interested
parties. A fair MED classification method would classify, on average, the same number of MEDs per year
for different utilities.

The two basic ways that utilities can differ in reliability terms are in the mean and standard deviation
of their reliability data. Differences in means are attributable to differences in the environment between
utilities, and differences in operating and maintenance practices. Differences in standard deviation are mostly
attributable to size. Larger utilities have inherently smaller standard deviations.

As discussed above, using the mean and standard deviation of the logs of the data (a and B) to set the
threshold makes the expected number of MEDs depend only on the multiplier, and thus should classify the
same number of MEDs for large and small utilities, and for utilities with low and high average reliability.

This is not the case for using the mean and standard deviation of the data without taking logarithms
first. The expected number of MEDs varies with the mean and standard deviation. This variation occurs
because of the log-normal nature of the reliability probability distribution.

Experience with the 2.5 method has shown that it is better than using mean and standard deviation,
but it is not perfect. The number of MEDs identified per year is significantly higher than expected, and the
average number of MEDs varies somewhat from utility to utility, with size affecting the value. These effects
appear because the probability distribution of distribution system reliability is only approximately log-
normal. Significant differences appear in the right hand tail of the distribution, which in general contains
more probability than a perfect lognormal distribution. This “fat tail” effect accounts for the larger-than-
predicted number of identified MEDs. The effect of utility size is less clearly understood.

Despite these issues, the 2.58 method of MED identification is much closer to the ideal fair process
than using a Gaussian distribution, using the heuristic definitions that preceded it, or any other method
proposed to date. It has been carefully tested and has been broadly accepted by the utilities in the
Distribution Design Working Group and many other utilities and regulators that have adopted this guide.

In addition to all mentioned above, Annex A of the new IEEE standard replaced The “Survey of
reliability index usage” with a Bibliography of the resources that provide additional or helpful material but
“do not need to be understood or used to implement this standard”. All this new indices and definitions can
be and should be used to improve the range of the reliability indices in Ukraine.

The IEEE standards analysis presented in this paper is expected to contribute towards enhancing the
reliability of the power grid of Ukraine by means of reliability indices range improvement. The research is
very useful for distribution network planning with the presence of DG sources as it gives some additional
indices which could improve the reliability of the grid.

1. "IEEE trial-use guide for electric power distribution reliability indices" / IEEE Std 1366-2012 (Revision of
IEEE Std 1366-2003), 2012.

2. Derevianko D. Main features of the stability and reliability of local systems with distributed generation
assessment // Hirnytstvo. — 2013. — Ne 21. (Ukr)

3. GKD 34.20.575-2002 "Stability of power systems, guidance" — Kyiv: OEP «Grifre». — 23 p. (Ukr)

4. Strzelecki R., Benysek G. Power Electronics in Smart Electrical Energy Networks. — Springer, 2008. — 414 p.

5. Stognii B., Kyrylenko O., Denysiuk S. Smart grids, electric power systems and their technological support //
Tekhnichna elektrodynamika. — 2010. — Ne 6. — Pp. 44-50. (Ukr)

6. Stognii B., Kyrylenko O., Prakhovnyk A., Denysiuk S. Intelligent electrical network: the international
experience and perspectives of Ukraine // Pratsi Instytutu elektrodynamiky NAN Ukrainy. Spetsialnyi vypusk. — 2011.
— Pp. 5-20. (Ukr)

ISSN 1607-7970. Texn. enexmpoounamira. 2013. Ne6 49



7. Grid 2030: A National Version for Electricity’s Second 100 Years / Office of Electric Transmission and
Distribution United State Department of Energy, July, 2003.

8. Smart Grid — European Technology Platform for Electricity Networks of the Future. — European
Commission, 2005. [Electronic resource] — Mode of access: http://www.smartgrids.eu/

VIIK 621.31
OCOBJIMBOCTI ngBMUlEHHf[_CTIﬂKOpTI TA HAI[IﬁHOCTI EJIEKTPUUHUMX MEPEXK 3 EJIEMEHTAMUA
PO3OCEPEIXEHOI 'EHEPAIIII B YKPAIHI HA OCHOBI CTAHJIAPTIB IEEE

O.B.Knpnﬂeﬂkol, akagemik HAH Vkpainu, P.X.CTp)KeJ‘IeHKiZ, JIOKT.T€XH.HAYK, C.H.ﬂeﬂnclolc3, JIOKT.T€XH.HayK,
JI.T. epeB’sinKo’
'_ IncruryT etexrpoqunamixn HAH Ykpaiun,

np. Ilepemoru, 56, Kuis-57, 03680, Y kpaina,
— JlemapTaMeHT eJIEKTPOTEeXHIKH, MOpchbKMil yHiBepcuTeT M. I'inns,

Mopcbka Byauus, 81-87, 81-225, I'nuns, Iloabima,
} _ Hauionasnbuuii Texuiunmii ynisepcnrter Ykpainu «KITI»,

np. [lepemornu, 37, 03056, KuiB, Y kpaina.

e-mail: RiaNNON 87@meta.ua

2

Posznanymo cucmemy noxasnuxie cmiiikocmi ma Haodiinocmi enepeemuyHux cucmem Ykpainu. Ilpoananizosano énnug
sapybiochux cmanoapmie IEEE na ¢opmyeanns noxasnuxie naoiinocmi 6 Ykpaini. Ilposedeno cniecmasnuil ananiz
cmanoapmis naoiinocmi IEEE Std 1366 ma oyineno Hososeedenns cmandapmy IEEE Std 1366-2012, axi 6ynu 6 xo-
PUCHI npuU 8NPOBAONCEHHI Odcepell po3ocepeddcenol eenepayii 6 Yxpaini. bion. 8.

Knrouosi cnosa: pozocepekera renepariis, interpanis B/IE, moka3HUKH CTIHKOCTI Ta HaIIHHOCTI.

YJK 621.31
OCOBEHHOCTHU HNOBBIIIEHUSA YQTOIZHMBOCTH U HAJIEXKHOCTH DJIEKTPUHYECKHUX CETEM C
SJIEMEHTAMM PACIIPEJEJIEHHOU T'EHEPALIUNA B YKPAUHE HA OCHOBE CTAHJIAPTOB IEEE

A.B.KI/lpI/lJ'leHKOl, akanemuk HAH Ykpaunsl, P.X.CTp)KeJ‘IeIIKI/IZ, JIOKT.T€XH.HayK, C.[I.)lelmcmlc3, JIOKT.T€XH.HaYK,
J.T. IepeBsinko’
! _ Mucruryr snexrpoannamuxu HAH Ykpanusi,
np. [lo6eawl, 56, Kues-57, 03680, Ykpauna,
? _ JlenapTaMeHT 3JeKTPOTeXHHKH, MOPCKOil yHUBepcuTeT I. [ abIHs,
Mopckas yauua, 81-87, 81-225, I'nbins, Ilonsua,
} — HaumoHaabHbIii TeXHHUECKHI yHuBepcuteT Ykpaunbl «KITH»,
np. [obens, 37, 03056, KueB, Ykpauna.
e-mail: RIANNON 87@meta.ua

Paccmompena cucmema nokazameneii ycmotiuugocmu 1 Hao0elCHOCMuU dHepeemudeckux cucmem Yxpaunwl. Ilpoananu-
3Upo6aro enusHue sapyoesicuvix cmanoapmos IEEE na gopmuposanue noxazameneil Hadexchocmu 6 Yipaune. [Iposeden
conocmasumenvHolll ananus cmanoapmos Haoexchocmu IEEE Std 1366 u oyenenvl nososeedenuss cmanoapma IEEE Std
1366-2012, komopwie bbLiu Obl nOAE3HBL NPU BHEOPEHUL UCHOYHUKOS8 PACCPEOOMOYeHHOU cenepayuu 6 Yipaune. buon. 8.
Knroueswie cnosa: pactipenenennas reuepauusi, uarerpauus BMO, nokazarenu ycTOMUYMBOCTH U HAZEKHOCTH.

Hapitima 22.04.2013
Received 22.04.2013

50 ISSN 1607-7970. Texn. enexmpoounamira. 2013. Ne6



