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Summary: Development of power generation industry set the problem of
gradual transition from traditional technologies that expect use of electric networks
centralized generating to basically new solution that is directed to wide application of
distributed energy sources and active networks able to provide services on transfer,
keeping and transformation of electrical power. Active electric systems are able to
adapt quickly to variable needs of interested parties — owners, consumers, vendors.
They are considered to be the key element of infrastructure of the future “intellectual”
power systems. At present all the aspects of creating “intellectual” power systems are
viewed within the Smart Grid concept, the most known and popular concept for
electric networks modernization,
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AHHOTaums: Pa3BuTHE SHEPreTUKU TMOCTABUIO BOMNPOC O MOCTEIEHHOM
Mepexo/ie OT TPAJAUIIMOHHBIX TEXHOJOTHN, MPEeayCMaTPUBAIOIIUX HCIIOJIb30BAHUE
LEHTPAJIM30BaHHOTO T'E€HEPUPOBAHUS DIIEKTPUUYECKUX CETEeM, K MPUHLUHUIIHAIBHO
HOBOMY pPEUIEHHIO, KOTOPOE€ OPUEHTHPOBAHO HA IIMPOKOE IPUMEHEHHE
pPaccpeloTOUYCHHBIX MCTOYHUKOB SHEPTUU, U AKTHUBHBIX CETEH, KOTOpbIE CIOCOOHBI
OKa3bIBaTh YCIyTH MO Tepefade, XPaHCHUIO U TPEoOPa30BAHUIO AJICKTPUIECCKON

OHCPIrUu. AKTHBHBIC QJICKTPHUYCCKHEC CCTHU CITOCOOHBI 6I>ICTp0 aalITUPOBATBCA K



MEHSIOIIMMCSI TIOTPEOHOCTSAM 3aMHTEPECOBAHHBIX CTOPOH - COOCTBEHHHKOB,
norpeduteneii, mnpoaaBuoB. OHU paccMaTPUBAIOTCA KaK KJIIOYEBOW HJIEMEHT
UHQPACTPYKTYPhl «yMHBIX» dHEprocuctemM Oynayimiero. Ha ceromusiiHuii 1eHb Bce
aCMEeKThl CO3JaHUs TMOJOOHBIX «YMHBIX» DSHEPTOCHCTEM pPAacCCMATPUBAIOTCS B
koHuenuuu Smart Grid, HanboJiee U3BECTHOM KOHIICTIIIMK SJIEKTPUUECKUX CETEH.
Knrouesvie cnosa: nokanvnas snepeocucmema, cmanoapm, paccpeoomoyeHHble

UCMOYHUKU IHEP2UU.

Problem formulation. Today many world countries has a set of Smart Grid
standards for means of relay protection, control and monitoring of main and
distributed networks [1-9]. Among them special attention is paid to standards related
to connection of renewable energy sources of distributed generation for parallel work
with existing electric power systems. These standards are technologically neutral and
universal for all types of distributed energy sources (DES) up to 10 MVA and regulate
technical specification to electric power systems with renewable sources of
generation. Standards include general requirements to DES at normal and emergency
modes, requirements to voltage quality indicators, separate and parallel work with
electric power system, requirements to connection and synchronization of DES
generators, as well as specifications and requirements to design, production,
assembling, putting into operation and periodic tests.

The purpose of the article. It is necessary to study the state and prospects of
the implementation of intellectual local power systems in their integration into the
centralized power supply systems in Ukraine, using the experience of developed
countries.

Analysis of recent research and publications. Experts believe [10] that the
use of modern management technologies, along with the widespread use of the latest
information and communication technologies, will enable the ability to maintain
demand and supply in a "smart™ power grid at the level of a separate device. Smart
grid will allow consumers to consciously participate in the operation of power

systems, and also improve the use assets in energy and economic efficiency will



increase, the quality of electricity and the stability of power systems will increase to
unauthorized external influences. Finally, the "smart" power systems will develop the
new types of products and services, as well as the formation of new markets.

The statement of the main material. There are about hundred standards that
relate to Smart Grid. Among them - IEC standards (“Standards for power quality”
and “Flicker Standards”), CSA standards (CAN3-C235-83, 107.1/UL1741, C22.2,
C.22.3, C22.1), IEEEP2030 standards and other.

Standard IEEEP2030 provides guidelines in understanding and defining smart
grid interoperability of the electric power system with end-use applications and loads.
Integration of energy technology and information and communications technology is
necessary to achieve seamless operation for electric generation, delivery, and end-use
benefits to permit two way power flow with communication and control.
Interconnection and intra-facing frameworks and strategies with design definitions
are addressed in this standard, providing guidance in expanding the current
knowledge base. This expanded knowledge base is needed as a key element in grid
architectural designs and operation to promote a more reliable and flexible electric
power system [11-12].

In complex with these standards, principles of providing interoperability to
power technologies, information technologies with elements of power systems,
automation of end users and users loading devices are considered. The main standard
that regulates DES connection to parallel work is the standard of the Institute of
Electrical and Electronics Engineers (IEEE 1547) [13]. This document provides a
uniform standard for the interconnection and interoperability of distributed energy
resources with electric power systems. It provides requirements relevant to the
interconnection and interoperability performance, operation, and testing, and, safety,
maintenance and security considerations.

This document provides guidelines for smart grid interoperability. This guide
provides a knowledge base addressing terminology, characteristics, functional
performance and evaluation criteria, and the application of engineering principles for

smart grid interoperability of the electric power system with end-use applications and



loads. The guide discusses alternate approaches to good practices for the smart grid.
The standard establishes test procedures for electric energy storage equipment and
systems for electric power systems (EPS) applications. It is recognized that an
electric energy storage equipment or systems can be a single device providing all
required functions or an assembly of components, each having limited functions.
Components having limited functions shall be tested for those functions in
accordance with this standard. Conformance may be established through combination
of type, production, and commissioning tests. Additionally, requirements on

installation evaluation and periodic tests are included in this standard.

The current standard sets up criteria and requirements for connecting DES with
power network. System of IEEE 1547 standards includes a number of documents
concerned with different aspects of providing interaction and coherency between
distributed resources, integrated to the composition of power systems, and consists of
parts:

- |EEE 1547.1 — standard for the general procedure of accordance of connecting
RE to a power system.

- |EEE 1547.2 — provides detailed instructions of connection to parallel work.

- IEEE 1547.3 — requirements to information exchange, DES monitoring and
control.

- IEEE 1547.4 — requirements to equipment and its exploitation in separate
power systems with RE.

- IEEE 1547.5 — assigned to DES with the power higher than 10 MVA.

- |EEE 1547.6 — practical aspects of connecting DES to distributed grids.

Nowadays the process of connecting to parallel work of DES to Ukraine’s
power systems does not have any clear branch regulatory guide or standard. That is
why growth of DES quantity leads to worsening of technical problems regarding
arrangement of their parallel work in power system — providing consistency of
operation, quality of electric power, arranging dispatch control, including control of
separating DES from power system, synchronizing DES with power system.

Parallel work of DES in power grids is partially regulated by rules of



connecting electricity-generating equipment to power grids, approved by regulation
of National Energy and Utilities Regulatory Commission dated by 14.12.2005 with
changes and attachments dated by 20.09.2007 [14]. The regulation includes just
organizational moments of connecting electricity-generating equipment destined for
electric power production. So, technical specifications of connecting DES to power
systems are regulated by a number of regulatory documents, all-Union State
Standards and Ukraine State Standards. With the aim to verify the possibility to use
the experience of foreign countries, it is sufficient to compare technical specifications
of IEEE 1547 standard, Germany standards [15], project of requirements of
connecting DES in Ukraine [16] and acting all-Union State Standard 13109-97
«Quality standard for electric power in the systems of electricity supply of general
purpose» [17] that is basic for Ukraine’s energetic. Comparative analysis of
requirements to quality of electric power according to provided regulatory documents

Is shown in table 1.1



Table 1.1 — Comparative analysis of electric power quality indicators

Specifications according to regulatory document

Indicator ) Project of requirements to ]
IEEE 1547 All-Union State Standard 13109-97 ) ) ) Standards in Germany
connection of DES in Ukraine

Frequency Allowable frequency Frequency deviation in Frequency  should retain Frequency should retain
deviation deviation in DES should not | synchronized systems of power | between 49.6 (allowable critical | between 47.5 (allowable
exceed the value from -0.2 to | supply should not exceed + 0.2 | decrease of frequency) and 50 | critical decrease of
+0.5 GHz in synchronized | GHz; in separate systems of power | GHz (allowable normal increase | frequency) and 51.5 GHz
systems. supply deviation makes up =+ 1 | of frequency). (allowable normal increase

GHz. of frequency).
Harmonics Maximum harmonics Value of harmonic component Value of harmonic component | Maximal harmonic
component of current makes | of current is between 0,2 and 6% | of current is between 0.2 and 6% | component of current is
up 4% for odd harmonics n | of Unomina%. of Unominai%0. between 0.058 — 0.04%,
= 11 for odd harmonics 0.06 —

0.18.%

Voltage Voltage fluctuation on Normal  allowable  voltage | Normal allowable voltage Voltage fluctuation
fluctuation DES wires in normal | fluctuation is +5%. Allowable | fluctuation is +5%. Allowable | within power grids on

working conditions should
not exceed value from -12 to
+10 %.

critical one is £10%.

critical one is £10%.

DES wires is not more
than 2%.




Conclusions. Comparative analysis shows on appropriateness of solving a
complex of tasks on DES functioning optimization in local power systems
considering indicators of quality and loss of electric power with further conversion
to a single standard. This standard will regulate connection to parallel DES work in
Ukraine taking into account the strategy for developing power systems. This will
expand opportunities to use DES and users’ resources, as well as allow to perform
local electric systems functioning optimization taking into consideration
improvement of interaction between all system’s subjects in real time.

Modern implementation of Smart Grid elements in many countries give the
possibility to affirm that technologically such systems create preconditions for
highly efficient use of DES for solving both local (maximization of profits from
their exploitation) and systemic (increasing of DES functioning quality) tasks.

Literature

1. M. Uslar, S. Rohjans, R. Bleiker, J. Gonzalez, M. Specht, T. Suding and
T. Weidelt. SURVEY OF SMART GRID STANDARDIZATION STUDIES AND
RECOMMENDATIONS /I Proceedings of 2010 Innovative Smart Grid
Technologies Conf. Europe (ISGT Europe), Gothenburg, Oct. 2010.

2. Electric Power Research Institute Tech. Rep. — THE SMART GRID

INTEROPERABILITY STANDARDS ROADMAP. — Aug. 2009, [Online].
Available:http://collaborate.nist.gov/twikisggrid/pub/SmartGridinterimRoadmap/|
nterimRoadmapFinal/Report_to_NISTI August10.pdf

3. Reed, G.F., Philip, P.A., Barchowsky, A., Lippert, C. J., Sparancino, A.
— SAMPLE SURVEY OF SMART GRID APPROACHES AND TECHNOLOGY
GAP ANALYSIS // Proceedings of 2010 Innovative Smart Grid Technologies
Conf. Europe (ISGT Europe), pp. 1-8, Gothenburg, Oct. 2010.

4. 1EC standard for Communication networks and systems for power utility
automation —Part 90-1: Use of IEC 61850 for the communication between
substations, IEC 61850-90-1, 1st ed., 2010.

5. IEC Standard for Instrument Transformers - Part 9: Digital Interface for
Instrument Transformers, IEC 61869-9, Part 13: Standalone Merging Unit, IEC



61869-9. — 2012.

6. P. Schaub, J. Haywood, D. Ingram, A. Kenwrick, and G. Dusha, “Test
and evaluation of non-conventional instrument transformers and sampled value
process bus on Powerlink's transmission network”, in Proceedings of 2011 South
East Asia Protection and Control Conference (SEAPAC 2011), CIGRE, Doltone
House, Sydney, NSW, 2011.

7. 1EC standard for Industrial communication networks - High availability
automation networks - Part 3: Parallel Redundancy Protocol (PRP) and High-
availability Seamless Redundancy (HSR), IEC 62439-3 Ed.1.0, Feb. — 2010.

8. K. Martin, “Synchrophasor Standards Development — IEEE C37.118 &
IEC 61850, in Proceedings of the 44th Hawaii International Conference on
System Sciences, Hawaii. — 2011.

9. IEEE Approved Draft Standard Profile for Use of IEEE Std. 1588
Precision Time Protocol in Power System Applications, IEEE C37.238, under
construction. — 2011

10. Kulik V.V. Optimal control of scattered power sources with
asynchronous generators using Smart Grid [Online] / V.V. Kulik, T.E. Magas
Yu.V. Malogulko // Scientific papers VNTU. Power engineering and electrical
engineering. - 2011. - No. 4. - P. 1-6. Access mode:
http://praci.vntu.edu.ua/article/view/1404/999. - ISSN 2307-5376.

11. European Smart Grid, 2011 [Online]. Available:
http://www.smartgrids.eu/.

12. National Institute of Standards and Technology, Standards Identified for
Inclusion in the Smart Grid Interoperability Standards Framework, Release 1.0,
Sept. 2009, [Online]. Available: http://www.nist.gov/smartgrid/standards.html.

13. IEEE standard for Interconnecting Distributed Resources with Electric
Power Systems, IEEE 1547. — 2003.

14. TlocranoBa HKPE Bixg 14.12.2005 Ne 1137 / IlpaBuna npueaHaHHS

eJIEKTPOYCTAHOBOK 10 E€JEKTPUYHHMX Mepex // . (emexTpoHHUil pecypc). Pexum



noctymy: http://zakon5.rada.gov.ua/laws/show/z0042-06.

15. Technische Richtlinie Erzeugungsanlagenam Mittelspannungsnetz.
Richtliniefur Anschlussund Parallelbetriebvon Erzeugungsanlagenam
Mittelspannungsnetz. Ausgabe Juni 2008. BDEW.

16. Requirements for wind and solar photovoltaic power plants of 150 kW
capacity for connection to external electrical networks. October 2011. Mercados,
EMI.

17. State standard Ne 13109-97. National Energy and Utilities Regulatory
Commission.



