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Executive summary

This document presents the concepts of the electrical specifications to be simulated in
SWRO network and also the characteristics to be implemented in the secondary
substation, identifying the points of interactions between IDPR and several devices in
the secondary substation.

In terms to establish data transactions, the smart rural grid project, describes the basic
criteria to study the parameters defined for the local and remote data telecommunications
and interfaces protocols bus, how to couple the PLC devices and a preliminary insight
wireless antennas into the antennas for the wireless system.

The operation modes and metrics are considered from SWRO simulations network
because the electrical constraints will be the same as in the pilot area, therefore this data
after simulation, it will give an approach to do the coarse implementations of the real
IDPR device that we will install in the chosen secondary substations.

Not all the IDPR location will have the same capacity of energy storage, it depends on
the forecast of loads with a variable ratio in terms to achieve flexibility as result of the
natural load growth.

The specifications and studies have been developed in previous deliverables for this
reason, in this document does not go into deep details of previous working package.

The deliverable 7.1 explain the main details of connection between devices, best
practices to install several sensor and preliminary technological data that will result for
task T7.2, T7.3, T7.4 and finally T7.5.

This deliverable explains the main criteria focusing the following points:
- Modes to IDPR use,
- Constraints and cases,
- Stability of frequency and voltage,
- Simulation of expected fluctuations,
- Interactions points between IDPR parts,
- Criteria of local & remote operation,

- Selection of interfaces.

Finally the deliverable mentioned the alternative paths in terms to give a preliminary idea
of the rules to be able to auto-reconfiguration communications between distributed IDPR

and local controller and distributed IDPR and control center room.
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Abbreviations and Acronyms

Acronym Description
ACA-500 | Capacitive coupler to install in MV cells
AIBZ Inductive coupler intrusive principle
AIMT Inductive coupler
CAMT Capacitive coupler to install in external network
CIM Common Information model
CVM Electrical network Analyser
DPF Detector Pass Fault.
EyPESA Estabanell y Pahisa Energia S.A.
IDPR Intelligent Distribution Power Router
LC Local Controller
LV Low Voltage
MV Medium Voltage
PLC Power Line Communications
RTU Remote Terminal Unit
SS Secondary substation
VKEF Medium Voltage transformer
w1 Current Transformer
WLAN Wireless Local Area Network
Zc Characteristic Impedance
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1 Introduction

Such as it has been mentioned the Smart Rural Grid project wants to address the
challenges of the existing rural power grid, applying the premises of smart grid. The rural
smart grid can be considered as a modern electric power grid infrastructure for enhanced
efficiency and reliability through automated control, high-power converters, modern
communications infrastructure, sensing and metering technologies and also, modern
energy management techniques based on the optimization of demand energy and
network availability, and specially gives a rural electrical infrastructure network resilience
such a meshed structure of the grid. While current power systems are based on a solid
information and communication infrastructure, the new rural smart grid needs a different
way to understand the electrical grid, in terms to manage energy using new concepts
and devices. Communication links are giving an opportunity to integrate orderly
distributed generation using battery located in the distribution operator infrastructure.

This deliverable contains the operational modes in the low voltage network from SWRO.
In this sense, concerning to the principle, the data analysed in the simulated network,

could be used in the real pilot in Vallfogona.

For that, the similar concepts of the electrical specifications and characteristics will be
implemented in the secondary substation, identifying the points of interaction between
IDPR and the several devices that conforms the secondary substation, in accordance

with the defined operational modes and metrics in the pilot area.

The main objective of this document will be to presents the concepts of electrical
specifications and characteristics to be implemented in the secondary substation, for that

it is identified and establish the following basics criteria:
- According the parameter that has been defined for operating in local and remote,
- Interfaces to couple PLC signal over electrical network,
- Data and values to be sent to SCADA system,
- Data and value to be sent in peripheral elements which needs this information,
- The follow-up of the variables related to the project impacts.

It is expected that this deliverable will provide a better understanding which equipment

is needed to accomplish the previous premises.
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2 Simulation in SWRO network

This section presents a simulation using IDPRs into the SWRO network. Note that in
D7.1 should be described the networks where the simulations take place, based on the
network parameters of WP2. It is considered by SWRO that the IDPR provides more
stability and guarantee the level of voltage, and also compensate the power fluctuation
and power peaks. To validate this, two scenarios are proposed: the first one deals with
about the stability and level of voltage, and the second one deals with the power
fluctuations and peaks.

2.1 Stability and level of voltage

Frist objective is to guarantee, that the voltage in grids with high photovoltaic production
does not exceed or fall below specified limits. This applies to the voltage change and the
absolute voltage level. This could be implemented by reactive power or charging and
discharging profiles of an IDPR with battery.

For this purpose an exemplary low voltage grid has been simulated with different
implementations of an IDPR gives to test the effect on the voltage level. The low voltage
grid AP°slingo at the edge of the grid

by one transformer. Its power lines are not meshed and about 20 customers are supplied.
Besides that, four PV plants with a total power of about 160 kW are installed in the grid
and differ from 5 kW to 107 kW. Due to the structure of the grid and the high feed-in of

electrical energy by the PV plants, voltage might increase locally to inadmissible values.

To prevent the voltage from exceeding the upper limits of permissive values, the IDPR
is used to stabilize the level of voltage. This is examined by a power network simulation
based on real valwues of the grid. Il n a

to reach a very low level of consumption while PV plants are producing at the maximum

level to create the highest possible load on the power grid.

Deliverable 7.1.0Operation modes and metrics Page 7 of 30

n

(0]

Rose



Smart_Rural_Grid FP7 project i Grant agreement n°. 619610

| 106,86 kWp -
dU/Un=3,33%

“\Egngp ,/-7 —
;5'1 Wp 1’ / .
- / ". k N
: il
43.05 kWp ° \\_,_7_7 [

T

/ ¥
\
\
o/ ©

Figure 1: Worst case scenario Pdsling actual situation

Figure 1 shows the result of the power grid simulation using the worst case scenario in
Pdsling in its actual situation. Nodes, where customers and/or PV plants are connected
are represented by circular shapes. The colouring of the nodes represents the deviation

of the nominal voltage of 400 V.

UiUn(p.u)

0.9900

0.9900-1.0000
1.0000-1.0100
1.0100-1.0150
1.0150-1.0200
1.0200-1.0250
1.0250-1.0300
1.0300

Table 1: Meaning of the colouring of the nodes: Deviation from nominal voltage (400V)

The node that has installed an amount of 106.86 kW shows the highest deviation from

the nominal voltage. The relative deviation will be displayed in the following figures.

At first, the IDPR is installed on the low voltage side of the transformer and provides

capacitive reactive power with a total amount of 50 kvar to the grid.
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Figure 2: Worst case scenario Pdsling IDPR at low voltage side of transformer: providing

capacitive reactive power

This measure helps to decrease the voltages in the whole grid. Especially at the most
critical node the voltage decreases by the amount of 3.1 V to a total value of 410.2 V.

A more effective way to use the providing of reactive power is a proper location to install
the IDPR. The installation at a node, that is bearing a heavy load in this scenario, might

guarantee a better effect on the voltage maintenance.
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Figure 3: Worst case scenario Pdsling IDPR at central heavy load node: providing capacitive

reactive power
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Although using the same reactive power of 50 kvar capacitive effects on the grid voltages
are even more positive. The highest deviation from the nominal voltage decreases to
2.18 % what matches a total voltage of 408.78 V.

Load profiles of the providing of reactive power should be in accordance to the provided
active power of the PV plants or local values of voltage in the grid to protect the assets

of the grid prior to additional loads due to the additional reactive power.

Another effective way to use the IDPR for voltage maintenance purposes might be the
consumption of active power provided by the PV plant using a battery. To this end the
battery should be installed at a node bearing heavy loads.

106,86 kWp
dU/Un=2,48 %

Figure 4: Worst case scenario Posling IDPR at central heavy load node: consumption of active

power

In the given scenario the consumption of active power using a battery with a charging
rate of 30 kW would help to lower the voltages in the whole grid. Here, also the load
profile should be adjusted to the needs of stabilizing voltage.

Dependent on the purpose of the battery, its capacity should be determined.
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2.2 Fluctuations and peaks

Second objective is that the fluctuation, e.g. based on rapidly changing clouds, of energy
feeds will be damped. The dP/dt decreases, what increase the live cycle of the assets.
Also the load of peak production when there is no consumption. This could also be
implemented by charging and discharging profiles of an IDPR with battery.

To verify the use of the battery and to determine the needed capacity as well as charging
and discharging rates actual measurements from the power grid are used. The
transformer is stressed to the maximum when there are a lot of changes in the dP/dt
during a day. Therefore days that show such behavior are used to simulate the use of
the battery.
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Chart 1: Comparison of actual power and power with battery at a transformer

In the observed case the maximum dP/dt is at 3.69 kwW/min and should be limited to a
desired maximum value of 1.0 kW/min. To be able to limit the dP/dt the battery has to
consume or provide active power. The effects can be seen in the total values of the
power at the transformer in Chart 1. The blue graph represents the actual measured
values while the red one is the resulting graph from limiting the dP/dt. According to the
chart, the power fluctuations are showing lower amplitudes. The needed battery capacity
differs from the specific day that is simulated. In the given case, a capacity of less than

10 kWh might be enough to decrease the load fluctuations on the transformer. Other
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investigations show a similar value for the capacity, but in special cases a higher capacity
might be needed.

The power rates in the used case reach up to 30 kW for charging and discharging.

3 Points of IDPR interaction

The networks parameter where the pilot take place, are based on the network

parameters of WP2.

EyPESA defined following objectives to take a decision to operate the IDPR to integrate
at maximum level in terms to optimize electrical network and achieve resilience stability

in case of a electrical failure.

The hypothesis to be studied is depending on the final location of distributed generation.
Nowadays we can identify the following structures and data located in the real pilot:

Vallfogona

zona VERGER

3

@: Planallong

T

Zona Nou Piella

es Artigues

Figure 5 LV Pilot area
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Location of each power contract of the costumers:

Figure 6 Rural customer connections
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Address Phases | PowerContract [kW]| Voltage NOLCE Map
Location
MANSO LA TOLOSA Poli 6,3 230 0016198
EL L'ILLA Single 4,6 230 0016191
CASA XIXA Single 4,4 230 0016195
CASA XIXA Single 9,52 230 0016195
CAN VERGER Single 2,2 230 0016194
CAN VRGER Single 4,4 127 0016194
CAN MALLENGA Single 2,2 230 0016192
CAN MAESTRE Single 4,4 127 0016193
CAN BOLSURA Single 4,4 127 0016199
EL CASOT Poli 4,4 230 0016190
EL PUJOL Single 5,71 127 0016203
MANSO EL TORNE Single 2,2 230 0016200
CAN MARC Single 2,2 230 0016188
MANSO EL GUINELL Poli 9,52 230 0016189
CAN COIMA Poli 7,62 230 0016196
CAN MICOT Poli 7,62 230 0016197
MAS CA L'ARGELAGA Single 4,6 400 0046738
MAS PLANALLONGA Poli 10,39 400 0044251
CAN QUILLET Shgle 5,75 400 0044252
CAN VILLAURA Single 5,75 400 0047699
CAN SERGATAL Single 5,75 400 0044253
MAS LES ARTIGUES Poli 13,85 400 0047700
MAS LES ESTUNES Poli 13,85 400 0044250
MANSO PIELLA Poi 2,2 400 0016237
MANSO PIEETA Single 3,3 230 0016236

Table 2 Power contract

Such as it has been commented in the D3.1, the IDPR must be installed in the secondary
substation in terms to manage energy according to rated values and battery charge as
result of forecast situations. In this sense, we will define basically two operations modes

that will be followed explained.

To give solution at the whole of the project, is very important to identify all parts of
secondary substations that are be necessary to be connected, in order that the system
works in the following operational rules from EyPESA bringing to works an easy way to
operate the electrical network with safety and also, improve the quality of energy service

of the rural customers.
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The figure-7 shows the physically electrical connection within IDPR and the devices of

MV and LV of secondary substation.

ation
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Figure 7 IDPR architecture

Focusing in physical interactions, two interconnections with secondary substation are
identified:

1- A double power connection, between IDPR and LV bus in secondary substation.

o Depending of the secondary substations the sections could be wired of
95 mm? Al till 240mm? Al, flexible or rigid single-pole wire, 0,6 - 1 kV,
depending on the transformer power capacity.

2- Auxiliary connection Between IDPR and RTU by:
o Wire
A Current and voltage connection defined in table-4
A Control connections by 1,5 to 2,5 mm?

o Protocol RS-485
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In terms of MV, there are two kinds of interactions, the measurement interactions and
communications interactions as can be seen in Figure 8 and Figure 9 respectively.

Current and voltage sensors:

Current

transformer

# wTupio | orLcoto

0.23 kv

IoPRO10 [Z_7]

Y
O10BT5-4 BTS3 BTS2 BTS1

upPsDlof* -

48V

§5010
Verger

vev

Figure 8 MV location current transformer

Voltage
Sensor

—8

B

D

8

E.T. N®10 VERGER

ALSTOM
PFA 400A

ALSTOM
IS 630A

ALSTOM
IS 630A

SFé| <
Il
o
=2

g

Current

Sensor

Figure 9 MV location voltage transformer
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MV sensors:

- The current output of the current transformer for each phase is the analogue input
to RTU and IDPR, which send the numeric or trend values to the SCADA system
and display it in a numeric or a trend format there. In a fault pass detector is
allowed, this sensor could bring some aid to localize a fault segment and could
be used by the IDPR control, to set a command to isolate the zone and restore
the electrical service to the highest possible number of customers.

- MV voltage transformers are required to detect blown fuses as an input for the
local controller to detect an outage in the grid.

Both sort of transformer will be connected by wire with the following features:

The next table, shows several options to be confirmed:

VKEF-25 or equivalent

W1-535 or equivalent

Table-1 MV Sensors

Cable section Service Value
2,5 mm? Voltage level 110:Mo V
6 mm? Current level 5A

Table 2 Cables diameter

PLC coupling through the MV:
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- The PLC coupling which is an interface that injects the PLC signal through MV
overhead lines as a main path for the telecommunication link between secondary

substations.

A

- This sort of coupling could be used upon inductive or capacitive principle, i t & s
depending on the constraints of the MV cells. Capacitive coupling is always

possible.

The installations should not be a problem, because we have to connect the
coupling by the PLC devices by coaxial wire of Z. = 58 W respecting the ground

connexions for electrical protection.

Table 5, shows the several options:

CAMT

A ACA-500

AIMT

AIBZ

Table 5 Couplers PLC
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PLC
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Figure 10 Location PLC couplers

The MV cells are interconnected by MV lines and the PLC connections are combined
in the secondary substations Verger.

Developing control schemes

The objective is to develop control schemes such as considered from the provider

documentation.

In this sense, the main goals of the control system will be based in the reliability to use
digital, input and output, analogue input and output allowing the integration of control

systems in fact.

In such control system, the engineering corresponds to the selections and new

development of the MV cells schemes.

Regarding to assembly, it must be taken into account that the best way to plan wiring
and functional integration avoiding long distance in terms to reduce transient

inductions.

In the LV level are installed peripherals, which could work by direct wire or
communication via standard protocol, depending the definition which will be carried

out in task 7.3 interconnection of the automation devices as following:
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Figure- 11 Wired scheme MV cell

The other way to control MV devices is an electronic system which is embedded in the

MV cell. In this case the interconnection is carried out though the standard protocol
defined in the D6.1.

Detector Pass Fault

ORMAZABAL Ekor.RGR0-3-2-B-D

http://www.ormazabal.comsites/default/files/descargas/ca
419-es1407 Ir.pdf

Protocol

608705-104

Power circuit

24, 125 Vdc

One unit SS Les Artigues MV cell to Nou Piella

Deliverable 7.1.0Operation modes and metrics
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In terms to warranty the data transaction after power supply failure, it is necessary to

install batteries and charger to give auxiliary Vdc to electronics. EyPESA has

standardized:

SWIT NG module
http://www.zigor.com/eu/documents/en/swit_ng_en.pdf

Rectifier Battery Charger

Output Voltage range 361 60 Vdc Ni-Cd cells

One unit SS Verger
One unit SS Planallonga
One unit SS Nou Piella

One unit SS Les Artigues
One unit SS SS Peétdihk OF with wireless technologies

Table 7 Rectifier Battery Charger

Currently we study the availability of a LV switch,, manufactured by Siemens or ABB
shows in figure-13, which works at maximum nominal current in appliance of electrical
protection and also we will take care of the best power cable connections to

determinate the optimum location in the secondary substation.

Figure- 13 LV switch

TmaxXT
http://www.abb.es/product/seitp329/defabe5e256819ccc]
257aed0057d04e.aspx?productLanguage=es&country=FE
abKey=7

To beconfirmed

LV Switch

Protocol
Power circuit 241 125 Vdc

One unit SS Les Artigues MV cell to Nou Piella

Table 8 LV Switch
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It is necessary to manage independently the LV lines, when IDPR starts in island
mode and it is important to avoid the voltage and current inrush peaks .Therefore the
system manages independently each output of LV cabinet by smartfuses that are

installed in the necessary electrical out.

These smartfuses, will be located in the LV panel standardized by EyPESA in shape

NH-2 with 400 A as a maximum current.

The installation of the smartfuses is shown in figure-14:

Secondary Substam/

GATEWAY H

&

(0000
L3DE]D[;ID

LV Network

Figure- 1 LV cabinet

Moreover the management system requires LV measurement, EyPESA has installed
an electrical analyser in the bus of secondary substation. This device will be connected
by protocol to the RTU. In particular the analyser is a CVM mini, which is a three-phase
power analyser for its assembly on DIN rails. The most relevant data are the analogic

instantaneous, the maximum and the minimum values.

Product Provider Model
Power analyser Circutor CVMmMIini-MGITF_RS 4862
Datasheet http://circutor.es/docs/FT _CVMVINI EN.df
Protocol Mod-BUS
Power circuit 201 120 Vdc
Locations

One unit SS Verger

One unit SS Planallonga
One unit SS Nou Piella
One unit SS Les Artigues

Table 9 Power analysers
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