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ABSTRACT

Distribution System Operator (DSO3s well as many
types of multiutilities around the world, are rolling out
what is known as the Smart Grid (SG), either by a legal
mandate or because thechnology is ready and
sufficiently mature for a deployment of this magnitude
Another driver of this transition consists in the
opportunity to create new business models, that will
bring benefit to the companies involved in this
technological challenge.

An SG is an electricity network that can integrate
profitably the behavior and actions of all users connected
to it, such aggenerators, onsumers anghrosumersto
ensure an economically efficient and sustainable energy
system with low losses, high levefsjuality, and safety.
The Smart Rural Grid projechas sought to make a clear
definition of thestakeholdersrivolved,trying to clarify
what are the expectations of the society and what the
risks, This investigation has resulted in a proposititm
avoid another Digital Divide between urban and rural
citizens, due to a partial or complete lack of access to
Information and Communication Technologies (ICT), of
a part of the populationThis project emerges to meet
these challenges anil also helps torespond to the
different technical and operational issues in the
particular case of rural networks, taking advantage of
the convergence between electricity and
telecommunication networks. It also examines the best
way to make the transition from the currerural
distribution network to a new electricity grid usiagart
technologies,while always considering new possible
business concepts, associated with this new paradigm,
and with a robust environmental awareness and a solid
social responsibility.

INTROD UCTION

The Smart Rural Grid (SRG) project arises to respond to
the farmsowners connected tthe grid and concerned
aboutthe particular case otlectricalrural networks. In
this sense, the SRG project explores and shows how to
exploit the convergence tween electricity and
telecommunications networks. The purpose of this work
is to show how electricity distribution companies can
operate moredistribution energy resources, while
interconnedhg energy prosumers in order to allow a
multi-directional eleaic flow. It also examines the best
way to make the transition from the current distribution
of rural electricity grid to a new electatframework

with SG technologigswithout economidosses
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The SRG projecthatwasfinanced withEuropearfunds
defines a nevarchitecture fosmart rural networkslThe

pilot studywasimplementedn a part ofthe distribution
network of Estabaell and Pahisa Energia (EyPESA) in
Vallfogona del Ripollés, Catalonia, Spain. EyPESA,
combnes the functions of DS@nd those of energy
retailer The projectconsortiumwasled by EyPESAIn
collaborationwith: (i) CITCEA, which is dedicated to
research, innovation and technology transfer to the
industry in the fields of mechatronics and enertronics; ii)
ZIV Communications, with is a Spanish manufacturer
with a complete range of communications systems Power
Line Communications (PLC), digital protection and
control equipment for high and medium voltage power
networks iii) Xarxa Oberta de Catalunya (XOC), which
provides fiber ofic services in Catalonia; (iv) KISTERS
(Germany), which offers leading technological solutions
in advanced software for the energy market; (v) SWRO,
which distributes electricity, gas, water and district
heating in Rosenheim, Germany; (vi) Crompton Greave
Automation (CGA), which is a leading Irish provider of
control and automation solutions, services and products
for monitoring and control of transport and distribution
networks in various market sectprhat caried out
system integration and, finallfyii) SMARTIO, which is

a group of Norwegian academic companies and
institutions, which cared out the dissemination of the
SRG.

Thanks to the SRG consortium's experience, the project
has developed a set of devices and services for energy
managementhathelpedto achieve the objectivesf the
smart rural network pilot. These cuttieglge
technologies aim to increase the interoperability,
resilience, and efficiency of the existing rural distribution
network, through the use of new SG technologies: i)
Intelligent Distribution Power Router (IDPR); (ii) new
PLC technology for a rural distribution network; (iii) a
solid communications network that allows management
between distributed energy resources and the IDPR; iv) a
data management system based on timéesehat
manages the local energy miguooduction as well as the
IDPR.

PROJECT DESCRIPTION

The SRGproject is validatean a real rural distribution
(RD) network presenting potential for efficiency
improvementparticularly with regardtb subsupply. The
RD corresponds to the finadegmentof the 5-kV
distribution grid in a rural area of the EyPESA network.
EyPESA[1] is a Distributor that operates in Catalonia
(Spain) andhas more than 56,000 suppliepeints
conneted in its network alonggt1500 km of lines. The
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main peculiarity of the EyPESA network is that around
50% of the network is deployed in a rural environment
where more than two thirds of the clients are from the
domestic and service sectors.

This network corresponds to an arethviow population
density, with only 25 clients distributed in four
Secondary Substation (SS3s shown irFigurel. It is
characterized by a nemutomated radial infrastructure,
where human action isequiredfor the operation by
means of manual discorcters and fuses. In additioim,
this region, access to the infrastructure datkection of
faults result complicatedbecausethe medium voltage
lines of the network cross valleys and mountaimd they
areexposed to adverse weather conditions. In theeupp
right-hand corneof Figure 1,the electrical diagram of
the network is representeldow-Voltage(LV) networks
provide electricity to customers stared throughout the
rural area Each one ofthem is equipped with amart

meter.
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METHODOLOGY

Thebiggest challenge of the SRfBoject[2] hasbeenthe
developmenbf an IDPR. This device is composed of an
innovative energy conversion system based on power
electronis. The IDPR allowdor further integration of
distributed generation, renewable sourcesidentiabnd
industrial consumptionsand electricalvehicles(EV) in

the distribution systems. In addition, it favors the
integration of energy storage devices afidally, it
improves the quality oferviceandthe network support.
The IDPRis designed to be connected in parallel with the
low voltage network and also with an energy storage
device (see Figurd).

Figure2 IDPR.
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In termsof performance, the power stage implements an
extremely compact topogy, withanew, highly efficient
silicon carbide semiconducttnansistor In addition, the
IDPR control system is easily managed by 8O
throughset points.

After implementing the inovative network architecture
and addressing the adoption of new tools and
technologies, the pilot's network has been transformed,
resulting in the scheme of FiguBe

Figure3 Final architecture.

The presence of renewable geiem in electrical
networks is gaining more and more impoxta[3]. The
growth of DG will improve security of supply to
customers and increase the energy efficiency of the
network. Therefore, it is necessary to introduce new
protection devices thagtermt to isolate only part of the
electricity grid in case of a&ritical event Moreover,
modern rural networks require a certain degree of
flexibility to offer new electrical configurations and new
modes of operain. For instance the isolated operation
and the automaticreconnection of some parbf the
networkshould be allowed, in casé faults incidents or
congestiorissues For thisreason the low voltage lines
must be managed independently in order to energize
these islands through thecal energy esourcesand
storage

Figure4 Telecommunications infrastructure

The SRG project also explores the convergdrateieen
electricity and TelecommunicationsNetworks (TN)
(Figure4), with the objective of guaranteeing the
integraton and management of DG, battery resources
and new protection and controlviges through Remote
TerminalUnits (RTU). This infrastructure is made up of
two differentiated environments: a local TN based on
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WIMAX technology [4] and PLC technology and
secondaccess, based on WiMAX technology and fiber
optic (FO) technology, which makes it possible to
establish communication between 8 and the control
room (COX) of EyPESA as well as offering broadband
in rural areas that are not covered by telecommunications
operators.

In order to effectively manage the network, various
agents are defined, which interact with each other
through the exchange of data and canods. From a
bottomup approach, the management hierarchy is
configured by the Transformer Contieal (TC), the Local
Controler (LC), the Local Energy Management System
(LEMS), the SCADA and, finally, at the top of the
structure, there is the Global Eneng Management
System (GEMS]5] The hierarchy and relationships are
represented ithe Figure5.
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Figure5 Management hierarchy

OUTCOMES

In this section,the behavior of thdDPR in the low
voltage networkhas been describeéromthe COXof
EyPESA, the IDPR is managed, as well as the set of
elements thastructurethe pilot.

However, to check the instantaneous values of voltage

the other handt should be noted that although in Figure

6 (a) the IDPR is balancing the currents of the network,
it is also possible to observe irregular peaks. This is the
typical effect on the loads of rural enders Finally, in
order to validate with the commonlysed criteria the
capacities and contributions of the IDBR tension and
the Total Harmonic Distortion (THD)the Power Factor
(PF) and the degree of disequilibrium (DU) of the
currents are calculated by contrasting cases (i) and (ii).
After the compensation of the harmonic current the
obtained values are bettaround 1.5%. However, the
currentTHD hasa significant impact on the THD value
of the voltage.
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and current, an oscilloscope has been used to record data

with better quality,and the data obtained havbeen
analyzed with mathematical software (Matlab). Next, the
situations in which the IDP5] interacts with thddSO
are shown in the following cases: (i) IDPR balances the

currents of the active phases and compensates the power

(i) the IDPR cancels lenonic currents; iii) combines
cases (i) and (ii) and delivers 12 kVAR to the network.
The low voltage waveforms are shown on the left side of
Figure6 and the currents are displayed on the right side.
Regarding the voltage case,cén be seen that alleh
waveforms are sinusoidal and around 230 V phase
phase. However, observing in detail the voltages of
Figure6 (a) and Figur® (c), a voltage variation of 2.5

V is observed (considering all phases). This value can be
used to calculate the network impede module. In
another case, on the waveformd~gjure6 (b), it can be
deduced that when thmlancingunction is dsabled, the

rural network presents importastirrentsimbalances.
Therefore, the IDPR helps reduce asymmetric losses. On
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Table | shows the THD values of voltage and current,
Table 1l shows the values of the power factor (PF) and
finally Table 1l shows the initial and final DU. It is
remarkable how the IDPR allows to propdiblane the

network currents.

Tablel Voltage & current THD
[[ Phase R | Phase s | Phase T

Inltlal Voltage 1.66% 2.52% 2.09%
Inltial Curremnt 12.42% 17.09% 15.83%
Final Vollage 1.46% 1.50% 1.50%
Final Current 6.44% 6.54% 6.77%

Table Il Power factor

|| Phase R | Phase § | Phase T
0,6005
0.9910

0.9949
0.9999

0.8380
0.9982

Initial
Final
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facilitates new business models based on a local
Table Il Imbalance factor approach. The solution based on the IDPR shdud
integratedwith a telecommunications network, taking
into account the specildcationsof these rural areas, so
that the challenges of bandwidth and long distacess
beovercome, as well as their complete integration into a
system of SCADA contrdor decentralizeaperation
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