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Our high-tech XXI century is, in particular, thentery of “small power supply systems” due to the a$ advanced infor-
mation and communication technologies in energworks. Creation of combined systems called Smad Qvens great pro-
spects for the development of both of these indess{energy and IT) and is intended to providereesyetic effect. This paper
examines existing models of Smart Grid, the suitddasic networking technologies, as well as typisalge scenarios for in-
tegrated intelligent networks.

purely computational grid technology [3 — 5]. Heat and
redundant energy occurs here only as by-product, an
Smart Grid is a technology for integration of electriceven a harmful product ("heat waste products” ofimo
power supply and telecommunication networks in ordern network technology).
to increase the energy efficiency of both typeset- Active deployment of the environmentally friendly,
works, reduction of C@emission under thiyoto Pro- so «green»Smart Grid technology goes on today in
tocol considering, decentralization of existed architeenhany developed countries, for example, Australia;, E
tures for an integrated network (i.e. one of thenmaropean Union, in particular, Germany and Austria,
principles of Internet construction) and improvioigits USA, Canada, People’s Republic of China and South
efficiency (efficient switching, routing) under uséal- Korea, which would like to provide and reinforceith
ternative and renewable energy sources (like wsnd, own energy independence for the future. Severa-lea
lar, EM-smog) combined with use of hybrid hydrocaring universities, for instance, National Technithli-
bon-electric vehiclesREV, Plug-in Hybrid Electric versity of Ukraine “KPI” (NTUU "KPI") and Dresden
Vehicles), with optimization of network managementUniversity of Technology (TUD) carry out the corre-
techniques and billing serviceSngart Metering) with-  sponding research subjects on the mentioned ama an
in the conventional power supply networks, as \asll already possess certain “know-how”.

I ntroduction

increasing of its safety, security a@®S in such inte- The slogan of the coordinated actions might be for
grated networks for power supply and telecommunicall stakeholders as follows:Ffom Internet of Data
tion [1, 2]. and Web Services to the Internet of Energy Services’.

The concepts Grid» and &mart Grid» should not Nowadays there are numerous international organiza-
be confused. The (intelligent) grid network solag8o tions and well-known companies that are developing
are used for time-consuming computing tasks (simulthe technology and corresponding devices Sorart
tion, planning, forecasting etc.) based on thetdal) Grid. Among them aredlEEE, CENELEC, Cisco,
server clusters or supernodes with use of convegitio Deutsche Telekom, Siemens etc. [6 — 16].

Internet protocols. Nowadayarid is a weighty part of The existing basis for local-area solutionsSofiart
innovative Cloud-technology (for instance, IlaaS, In-  Grid is built on the following well-known network tech-
frastructure as a Service) [3, 4] when the (mobile) cli- nologies:Powerline, Homeplug, WiMAX, PoE (Power
ent access to computing power is very easy. Tha maoser Ethernet), KNX, LON (Local Operating Network),
important task which has already become a “classic®/SN (ZigBee, EnOcean) etc. [3, 4]. But there is also a
of the grid technology is a rational and decergeali necessity to develop integrative solutions for ceten-
redistribution of computational workload between-patralization (one of the main principles of Interresin-
ticipating (virtual) servers, clusters or superrodethe struction), to improve its efficiency, to faciliause of
computing life-cycle of time-consuming engineeringalternative and renewable energy sources (like waod
scientific or economical tasks. lar, EM-smog) and to stimulate the developmentmf s

Therefore, the concept€Grid» and &mart Grid» called efficientEnergy Storages (batteries, peculiar en-
are co-related areas of research. Buttieegy efficien-  ergy depot) aimed to store redundant or excesst(iele
cy is not a direct scientific and technical challenge for  energy.
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To reach this goal we need first to list scientéiud o
technical development challenges for an integrate _
network Smart Grid) on the existed basis of standarc  [§€ :
network architectures, requirements for such netgjor [ \ \_ Electromobility /
and then to develop their basic models. How willit Ao / _
work together? Let us consider the following twe-sc ~ ~lutelligentHome = .=, /.-
narios. = ]

Scenario 1. What will be a middle-class network
connection for &ME (Small and Medium Enterprise)
in 20207 Only one cable will provide such serviess //
electricity, telephone, Internet, digital high-defion T ‘A
television and Cloud services. Space heating weiltd> | E / _ Smart Metering
alized via derivation and recycling of redundangregy ~AC Plants _~ e
from multiple (virtual) servers. The wired and wires + - Return into the grid
automation local-area as well as piconets likeN, = Consumplion/ power supply
KNX, ZigBee, EnOcean will be used to serve and con-|egend:

trol the in-door climate. Management of such indéed AC — Alternating Current; HVAC — Heating, Ventilag
network can be performed throudgthernet LAN/  and Air Conditioning; PEV — Plug-in Hybrid Electric
WLAN links as well as convenient protocols like, vehicles.

ICMP, SNMP. The program support, configuration ancrig. 1. Smart Grid Technology Highlights by [&]t)
tuning of the intelligent network are realized witbe of Automated Ambience(2) HVAC; (3) PEV; (4) solar,
mobile devices (smartphones and tablets), mobipes apatom, gas, hydro and wind power plarf&; geothermal

and through the offeredleb Services Clouds [3 - 5].  plants;(6) combined heat and power couplings and stor-
Scenario 2. The scenario depicts a vision Bfe-  agesy(7) on-premise monitoring.

mens AG — one of German leading companies in the ) ) .
field of network technologies and products. Accogdi € Vices Architecturesand Multi-L evel Models

to Fig. 1, in the futuréSmart Grid is designed to con-  |ntegrated architecture &mart Grid has to repeat in
nect four major components [6], which operate tagh a certain extent the well-know@S! network architec-
consumers/ producers and electBoergy Storages. ture (Fig. 2). But it must also be multi-dimensibriz.
Among them are the following: has to reflect not only the abstraction levels wnthlti-

1. Intelligent Buildings [(ntelligent Home) with ple defined interfaces, functions and services, thet
solar panels and local-area networks for climatgarious types of network technologies and domains o
automation likeField Bus and WSN (Wireless ts use, types of consumers and service providessce
Sensor Networks). types, access control techniques, schemes togodin

2. Enterprises for generation of (electric) energgayment for the consumed services.

(so calledAC Plants) based on traditional or al- et us consider the existing multi-layered and mult
ternative and renewable sources (like wind, s@fimensional models foBmart Grid which are oriented
lar, EM-smog). to shared use of telecommunications:

3. Electric mobility based on hydrocarbon-electric 1. NIST Smart Grid Conceptual Model (USA).
hybrid vehiclesPEV that accumulate power and 2. |EEE Smart Grid Model.

can afterwards "upload" it to the netwoki¢c- 3. A proprietary model o€isco Smart Grid.

tromobility). 4., Common architecture oTG@VDE Smart Grid
4. Intelligent counters and meterSngart Meter- (Germany).

ing), which automates the processes, carry out 5. Next development of model (4), tHgJ Smart

the monitoring and network management aimed Grid Architecture Model (European).

to low-energy consumption on the basis of im- One of the first developed on the area models, the
proved tariff models with respect to the workodel (1), called\NI ST Smart Grid Conceptual Model
load parameters and traffic, both analogue tational Institute of Standards and Technology in
packet-switched networks. USA), provides abstraction of properties of the integrat-
The considered components {1-4} may both use arg intelligent network based on classic three-lespte-
release the excess (electro-)energy and storedidedt sentation, including the following level&:Power and
currents in the network. Energy, 2.Communications, 3.1 T and Computer [7].
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The universal_Model (2) was offered viEEE- (NMYS) offer the infrastructure, access tools, monitoring
forum. [EEE Smart Grid is a professional organizationand management facilities for IP-able devices irategl
for standardization and co-ordination among $neart  into Smart Grid.

Grid stakeholders withinlEEE. Universality of the Furthermore, let us consider the advantages of a
mentioned EEE Smart Grid Model consists of creation common architecture fddmart Grid architecture, pro-
and description of a meta-system callddiart Grid, posed byl TG@VDE (Germany). Existing network
which extends the rules, interfaces and functiansn- technologies can be easily integrated into the éraark
dividual intelligent networks to the so call&dhart Grid of Model (4). The installed services are indepehaén
Domains also based on the following three-levelthe basic network infrastructure (ref&Sl). Common
1.Power and Energy Layer, 2.Communication Layer, architecture forSmart Grid allows adequate modeling
and, finally,3.IT and Computer Layer. |EEE organiza- of integrated networks of energy and informatiomli&t
tion shifted the focus of considering to tiemmunica- ferent levels of abstraction. Model (4)&hart Grid can
tion andI T and Computer Layers both (2,3) as the de- be used recursively or hierarchically to describe in-
termining levels for electricity distribution ibmart ter-operability between different providers offeyitheir

Grid (Power and Energy Layer) [8]. services (Fig. 3):
(a) (mobile) communication;
APL: “From Internet ofthe (b) electrical energy supply;
(WebyServices to Internet of (c) Smart Metering (intelligent control and
Energy Services” telemetry).
~ Automation: (d) Smart Power Web Services.
Heteting Neé"?’ﬁ’?“k Hlatiacemen, The presence of the common architecturéSmfrt
ik Grid provides nevertheless a wide field for activitesl
e describes the ability of the model to innovatioh®-
IP-Data transfer, routing 13].
MAC: Network technologies Levels Smart Power Grid Services |
Powerline, Homeplug, WilLAX,
LON, KNX, PoE, WSN [1] B % <
PHY
Cable systerns, phiysical transfer " Smart Power 7 otk 7
effects 7 Vartual  WebServices ./ Place Fortfolio
< o S w7 ac Ay~ Technical
Legend: - i < Services
APL — Application, NWK — Network; MAC — Media Accgs g 77 77 Standardized
Control; PHY — Physical. ////65;5//// )7 Middlewae
Fig. 2. A simplified architecture for Smart Grid. Lz Propretary cod
Serviee _Comm._ and
i i i ductio St 1t
The follovv_lng proprietary_Model (3) was prowaed e R
by companyCisco, one of the world leaders in the field < ' — —Tools, resources
. NW, AC, Energy AU, Automation,
of network technologies and products [9]. The mod Telco Supply Monitoring

takes into account the development aspects ofreuied) L d
(mobile) power transmission and telecommunications ~=J&n¢-

. GW — Gateway; AC — Alternating Current (energy supp
the context of hardware and software that is preducnets); AU — Automation (and management) networks:

via the company. Nowadays the compabigco pro- SPGWS — Smart Power Web Services; NW — Network; Me-

vides design and implementation, deployment and Sugring — control and telemetry; Market Place —adtion and
port of infrastructure and services f8mart Grid, as reselling of services.

well as the numerous communication systems for tif@y. 3. Common 4-layer architecture for Smart Gtid — 13]
power supply sub-stations, automation netwofki®l{ and the types of energy supply and data supplyicgav
Area Networks) for power supply nets, data securit)Kl) Consumers;(2) Services and virtualization(3) Info-
(Cisco Switches, Routers, Firewalls ASA-CX) for the objects and service communicatig¢d) Infrastructure/ PHY.
Smart Grid, creates the virtual storage centers for data _
processingNetwork Storages, Cloud Computing), thus As the further development of this well-known und
extending those capabilities WAN architectures. The eécognized _Model (4) a more complex multi-

Cisco Connected Grid Network Management Solutions ~ dimensional European Model (5) callEd) Smart Grid
Architecture (Fig. 4) should be considered. The model
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Legend:

Domains: DER — Distributed Energy Resources; GTBeneration, Transmission, Distribution (productjoBP — Customer
Premise (delivery);

Zones: Process, Field, Station, Operation, Entephlarket (PFSOEM).

Fig. 4. EU Smart Grid Model [14, 15]1) Business Layer(2) Function Layer(3) Information Layer{4) Communication Layer;
(5) Component Layer.
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ness, Function, Information, Communication, and
Component as well as there are two next dimension
calledDomains andZones [14, 15].

Smart Grid Development Trends

The European Commissions on networks, commur (51
cations and technology in Brussels also believe tF
Smart Grid will play an important role in increasing the
meaning of renewable and alternative energy sotioces
low-energy consumption, delivery savings and ,CC
emission decreasing. Without integration betweds te
communication and information networks the estal
lished goals are unattainabEmart Grid is therefore a
significant part of a long-term research and tetbgo
development program callétorizon 2020 [16].

Let us consider the trends 8mart Grid systems in
Germany. For example, from the Prof. R.LehnertgTel
communication Department at Dresden University g™ voltage: MV — middle voltage.

Technology) point of view [17], *...in a "greener” wid Fig. 5. Smart Grid representation as a Powerline@onica-
renewable energy sources are the key to redud@e jon System(1) MV part of substations(2) LV part of sub-

footprint. These energy sources are typically NORtations;(3) street cabinet4) substations (MV+LV){5) in-
stationary. This factor requires much more compi@x  terruptions (open meshes).

trol of the grid. To enable this, the energy dmsttion
network has to become more intelligent due to new s Meanwhile, the development approaches in
vices, distributed generation of energy (virtuaWeo Smart Grid systems in the world economy are very

end:

plants) and new safety and security requirementgilll individual. Let us consider some of them in detail
finally be a Smart Grid». Nowadays new demandseen 110, 11]:
liability and security to the support communicatioet- 1. Australia. The development orientation of
work appear. The approach under consideration esabl intelligent energy supplying networks and
close system integration, optimal distributed pogen- Smart Grid has been pursued in 2009-2010.
eration via virtual power plants, efficient conta the WiMAX networks within Smart Grid net-
electricity distribution, and deployment of newwetk works maintain such applications as sub-
services, which are becoming more intelligent stezul station automation, hybrid electric vehicles
neously. It has been proven, that a particulamatte (PEV), as well as domestic smart meters, so
should be paid under current conditions to the aepl called IHD (In-Home Devices). However,
ment and use oPLC (Powerline Communications) the final implementation ofSmart Grid in
technology (Fig. 5). Australia is restrained by the lack of appro-
The German Association of Electrical and Elec- priate multilateral obligations between the
tronics Engineers VDE (in German “Technisch- stakeholders that maintain communication
wissenschaftlicher Verband der Elektrotechnik urd E networks integrated into th&mart Grid, and
ektronik”) insists on planned efforts for transfangnthe a relatively small number of charging stations
traditional electricity networks and creation oteit- for electric vehiclefEV.
gent nets. In several European countries this @aghro 2. China. In the scope of the “current five-year
has become a significant part of the national gnpad- plan” for the People's Republic of China a
icy. In this case, we consider not individual dexis for construction of national-wide monitoring sys-
"several thousand kilometers of cable or 100 nmilkw- tem for national energy networks named
ros" but integrated solutions for ttamart Grid that WAMS (Wide Area Monitoring System) has
must be developed. The main objective is re- been started. Th&/AMS uses the offered de-
construction, flexibility of the entire system, design vices called PMU (Phasor Measurement
with elements of the infrastructure modernization, Units) from the prominent Chinese manufac-
creasing of capacity and number of power plants{10 turers to improve the reliability and security
13]. of the nationalSmart Grid solutions. Electri-

cal energy production and distribution,



A. LUNTOVSKYY: SMART GRID AS INTEGRATION TECHNOLOGYFOR ENERGY SUPPLY AND TELECOMMUNICATION NETWORKS 33

broadband data channels are tightly and rend Air Conditioning). Among them is the company
strictively controlled by the state. ThereforeAoTerra GmbH in Dresden, Germany. FirfoTer-
compliance and conformity to existed standra has developed several corresponding products
ards and processes on the way of transition amd solutions (Fig. 6), inter alia there are sdechl

a nationalSmart Grid is guaranteed practi- AoCloud (own virtualized data center) ambHeat
cally. (own smart grid) [18].

3. South Korea. The state plans to reduce the The clients use the in-door located services of
overall consumption of conventional energwirtual computing centers, the standardiz@kbud-
sources by 3% and electricity by 10% despitservices likelnfrastructure as a Service (laaS),
rising industrial demands due to the impleSoftware as a Service (SaaS) and Platform as a
mentation of a nationwideSmart Grid till Service (PaaS), as well as other applications like
2030. The start has been taken in 2009; th@oud Computing (Compute Service, RAID/ RAIC,
planned amount of investments for the sysSAN, NAS, Open Stack, Webhosting, Virtual OS,
tem development for the next twenty years i©®wn Cloud) [19, 20]. Redundant heat as a "by-
about 24 x 18 USD in equivalent to the na- product of processing" is withdrawn via server 19"-
tional currency in South-Korean Wonracks in theEnergy Storage, which provides circu-
(KRW)! lation of hot water in the pipes within a buildiagd

4. European Union. The development of intel- heating of potable water.
ligent networks towardSmart Grid is a part The central system fadVAC facilities are sup-
of the European Technology Platform for plied with use ofPoE (Power Over Ethernet), as
the period up to 2020, developed bywell as wired and wireless automation local-area
CENELEC (in French "Comité Européen deand piconets likdeON, KNX, ZigBee, EnOcean [1
Normalisation Electrotechnique"European — 5]. The mentioned technical solution provides a
Committee for Electrotechnical Standardi- higher PUE value Power Usage Efficiency) up to
zation) [14 — 16]. The Committe€EENELEC 0.95 (cp. with the conventional Grid/ Cloud-
is occupied in charge of European standardmlutions, where it is necessary to remove the £xce
in the field of electrical engineering. Togeth-heat as by-product, to install more air-conditianin
er with ETSI {Telecommunications Stand- devices and provide them with power supply).
ards Institute in the EU) the Committee
works on European system of technical regu-
lation and standardization including the men- In some developed countries an integrated intel-
tioned Smart Grid techniques, models andligent network on the sample of conventional Inter-
tools. net is rapidly set up (a net witBpen Mesh Plat-

5. USA. TheSmart Grids support became a partforms for Energy Services). The network possesses
of the U.S. federal policy toward legislativelyability to use standardized software interfaces, as
approved energy independence and securityell as mobile apps with offered/eb Services and
of one of the strongest economies in th€loud Services.
world. The planned in 2009 amount of in- Thanks to the standardization 8fart Grid (to
vestments towards the middle-term developthe intentions of the organizations likbd ST, |IEEE,
ment of this new technology will reach up tovDE, CENELEC etc. accordingly) software and
11 trillion dollars, i.e. 11 x 16 USD. hardware-independent access and communication

: between the components are guaranteed.

An Examplepf Smart Grid/ (;Ioud Compu- The standardization of the open networks struc-
ting Implementation ture towardsSmart Grid is nowadays one of the de-
On application of up-to-date powerful high-endvelopment priorities as for energy and telecommu-
servers within the contemporary data centers withications industry in the USA as well as in Europe.
the installed broadband optical links (so calleid The combined services of such networks will have
bre Channel), a significant amount of heat stand€in opportunity to attract an increasing number of
out as a harmful by-product. Some companies occstakeholders and users in the nearest future (abou
py themselves already with the mentioned proble2020-2030). Nowadays there is the opportunity to
and develop their own solutions for the disposal gfreate a large range of its own "smart applications
heat excesses for e. g. domestic heating and aand "smart services" within tifémart Grids.
conditioning facilitiesHVAC (Heating, Ventilating

Conclusions



34 TELECOMMUNICATION SCIENCES VOLUME 4 NUMBER 2 JUL.— DECEMBER 2013

BB ¢ Grid, Clouds! | ) 2. S. Guy, S. Marvin, W. Medd, T. Moss. Urban Infra
b A structure in  Transition: Networks, Buildings, Plans
Earthscan/Routledge London, 2012, 240 p.
3. A. Luntovskyy, D. Guetter, I. Melnyk. Planungdin
Optimierung von Rechnernetzen: Methoden, Model®!g
fur Entwurf, Diagnose und Management im Lebenszykiu

Virtual servers,

| private/public o 4 ahtgebundenen und drahtiosen Rechnemets¢and
mobile Heat Clo“dsr book. — Springer/ Vieweg + Teubner Verlag Wiesbaden
Access removal FC [} 2011. — 411 p. (ISBN: 978-3-8348-1458-6, in German)
e éf@lﬁ /@L\H 4. A. Luntovskyy A., M. Klymash, A. Semenko. Digti
M IN i (1 uted services for telecommunication networks: Ulbays
Pre- = _— [l ‘ computing and cloud technologies// Monograph. Lviv:
processing: ‘ NS NE Lvivska Politechnika, 2012~ 368 p. (ISBN: 978-966-2405-
User apps, Server Cluster: RAID, SAN, NAS: 87-3, in Ukrainian).
Clou_d ‘ Application Stor?d user and 5. A. Luntovskyy. Distributed applications techrgiles//
applications Logics application data Monograph.— Kiev: DUIKT Publisher, 2010— 474 p.
(ISBN 978-966-2970-51-7, in Ukrainian).
Legend: 6. Siemens AG (Online 2013, in German):

PoE — Power Over Ethernet; FC — Fibre Channdiitp://www.siemens.com/.

HVAC - Heating, Ventilating and Air Conditioning; 7. Draft NIST Framework and Roadmap for Smart Grid
KNX (Konnex, former European Installation Bus);lnteroperability Standards, Rel. 2.0. National it of
LON — Local Operating Network. Standards and Technology, USA, retrieved 06/2011.

Fig. 6. Redundant heat and energy recycling irsgfstems of 8. IEEE Smart Grid Conceptual Model. IEEE Org., re-

Smart Grid/ Cloud Computing on the example of AoHed€ved 10/2011(Online 2013). _ _ _
[18]. 9. CISCO Grid Operation Solutions (Online 2013, in

German): http://www.cisco.com/.
10. VDE - Technisch-wissenschaftlicher Verband der

Thus, the development of such integrated eIeCtrl'iqektrotechnik und Elektronik (Online 2013, in Gem:

power networks and telecommunications wi_II soon r%'ttp://vwvw.vde.com/.

Celve a necessary Imp_ulse. Toeart quer Grld_Ser- 11. Energieinformationsnetze und -Systeme: Bestands
vices (i.e. electricity) will be freely delivered, disped aufnahme und Entwicklungstendenzen, ITG@VDE, Dec.
to the market and freely handled there. The effétit 2010, 128 p. (in German).

be analogue to the today’s ongoing revolution odidm  12. T-Systems Multimedia Solutions of Dt. Teleka@n¢
phones and tablets on the mobile communication mdine 2013, in German): http://www.t-systems-mmsgo

ket that has arisen as a result, for instance epfoy- 13. J. Benze. T-Systems Multimedia Solutions, Deesd
ment of such already familiar and contemporary cod912, 48p. (in German). o _
cepts like the directoryApp Store (Apple) or open 1_4. Comlte_ Européen de Normalisation Electrotealmiq
sourceOS Google Android. (Online 2013, in French): http://www.cencenelec.eu/

It is expected that the integration technologied a 15. Smart Grid - Reference Architecture/EU-CEN-
. L rbENELEC—ETSI SG Coordination Group, Brussels, re-

m_odels for_elec_trlcal netvyorks and telecqmmummﬁm trieved 11/2012, 107 p.
discussed in this work will lead to reducing of mile 16. EU Commission: Expert Group on the security and
conventional energy sources consumption, @Otprint  resilience of communication networks and informatiys-
under theKyoto Protocol, further decentralization of the tems for Smart Grids, 2013.
supplier networks (based on the principle of Intérn  17. R. Lehnert. Smart Grid Communications, Proaegsli
construction). Smart Grid has increased in middle-termof IEEE ELNANO Conf. 2013, Apr.2013, Kiev, 4 p.
the energy efficiency under use of alternative amd 18.  AoTerra  (Online 2013, in  German):
newable sources (like wind, solar, EM-smog), irespiflttPS://www.aoterra.de/.
the optimization techniques for network managemet 19. A. Luntovskyy, D. Guetter. A Concept for a Made

. - . irtual Telecommunication Engineering Office/ Intational
and service billing $mart Metering) for power supply E

S . esearch Journal Telecommunication Sciences, KEBSN
systems and telecommunication integrated networ $19-9454).-2012.-Volume 3, Issue 1, pp.15-21.

both by increasing the safety, security §ub. 20. A. Luntovskyy, V. Vasyutynskyy, J. Spillner. R2s
as Advanced Cloud Backup Technology in Telecomnasnic
References tion Networks/ International Research Journal Tatemuni-
1. J. Momoh. Smart Grid: Fundamentals of Design arghtion Sciences, Kiev (ISSN 2219-9454).-2012. -Wwiwé 4,
Analysis, John Wiley & Sons, NY, 2012, 216 p. Issue 2, pp.30-38.

Received in final form October 14, 2013





