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TRANSFORMING RENEWABLE POWER SOURCES INTO SMART POWER PLANTS
PLANT CONTROL SYSTEM COMPLYING WITH THE MOST DEMANDING GRID CODES

The INGECON® SUN Plant Controller helps the Grid Operator to manage the power plant performance and to guarantee the
quality and stability of the electric supply.

Maximum plant control

A set of advanced control algorithms combined with a fast and efficient communications system, with configurable response
times of less than one second, allows for a precise control of the active and reactive power delivered by the plant to the grid.

The INGECON® SUN Plant Controller controls the PV and/or BESS inverters, ensuring compliance with the Grid Operator’s
requirements at the Point of Connection.

This is a flexible system that can easily be adapted to the needs and configurations of each particular plant, whilst complying
with the country-specific standards and regulations.

Continuous communication with all the devices

The Power Plant Controller can dynamically receive setpoints from different control governors, such as the local SCADA or
the Grid Operator. For this purpose, a number of communication protocols can be incorporated such as DNP3, IEC 60870-
5-101/104 or OPC UA, considering that Modbus TCP is always available by default.

Furthermore, the INGECON® SUN Plant Controller permits communication with any SCADA to transmit the data related with
control, Point of Connection, status of inverters or the communication with the different devices. It is also possible to perform
maintenance or engineering operations by commanding the Power Plant Controller.

Accurately benchmarked against simulations

Simulation models of PSCAD, PSS®E, PowerFactory, Anatem or ETAP of the INGECON SUN Plant Controller are supported
to verify compliance with any control requirement. Furthermore, Power Plant Controller can be run in a Hardware-InThe-Loop
environment and provide a benchmark result againt simulation models and reality.
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TRANSFORMING RENEWABLE POWER SOURCES INTO SMART POWER PLANTS
Plant control system complying with the most demanding grid codes

PRODUCTION CONTROL

Some of the active power control functions
that can be activated in the INGECON®
SUN Plant Controller are:

Active Power Curtailment.

It controls the plant’s output power, limiting
it to a desired value.

Solar Power Reserve.

The INGECON® SUN Plant Controller
incorporates a incorporates an innovative
control strategy to guarantee an active
power reserve with no need to include
storage systems (depending on the
availability of the PV resource), although
it is also compatible with the addition of
an ESS.

Ramp Rate Control.

This control, ensures that the variation in
the power plant’s output conforms to the
established setpoint. In order to be able to
control any power variation, it is necessary
to add an ESS with enough capacity.

Fast Frequency Regulation.

The system adjusts the power production
depending on the frequency variations.

Energy Time Shifting.

This control mode enables an advanced
power generation planning, making the
power plant’s production profile follow a
desired schedule.

Individual feeder Curtailment.

When there is need for curtailing the
active power of certain group of inverters
or MV feeders, the INGECON® SUN Plant
Controller allows the enabling of individual
closed control loops for each cluster,
while ensuring the curtailment at Point of
Connection is not surpassed.

Hybrid Firming Dispatch.

An energy storage system allows for

a more optimised use of solar energy,
utilising the energy stored to compensate
the surplus or shortfalls of solar power,
while controlling the active power injected
to the grid.

SOC Control.

Power Plant Controller can control the
power exchange of all the BESS converters
so that a SOC target is reached in a

mooth and stable manner. Furthermore,

in normal operation, the control algorithm
equalizes the SOC value of each individual
BESS with the objective of reducing the
differences with respect to the average
SOC of the plant

Ingeteam

GRID SUPPORT

Some of the reactive power control
functions that can be enabled in the
INGECON® SUN Plant Controller are:

On Demand Q.

The system developed by Ingeteam allows
to control the reactive power output,
adjusting it to a given reference.

Power Factor Control.

Regulation of the power factor at the Point
of Connection.

Voltage Droop Control.

According to an established Droop gain,
the system calculates the necessary
reactive power at the Point of Connection,
proportional to the existing voltage
difference.

Automatic Voltage Regulation.

The INGECON® SUN Plant Controller
makes it possible to regulate the plant
voltage at the Point of Connection through
a control system applied to the voltage
closed loop, providing the maximum
reactive power capability if needed.

Black Start Capability.

The system can restore the electric supply
during a blackout by creating an AC
network to power the loads.

Q at Night Capability.
With this mode, the reactive power at the

Point of Connection can be regulated up to
any desired value, 24 hours a day.

Power Oscillations Damping.

In those places where the grid is divided
in different interconnected zones, the
power plant can suffer from low-frequency
oscillations. The Plant Controller allows
implementing a control strategy to
minimise these oscillations in both
stationary and transitory regimes, although
Ingeteam’s voltage control loop already
damps any voltage oscillation measured
on the grid.

Q Production Profile

A Q-P profile curve can be configured so
that reactive power target will correspond
to the curve’s output, which will change
according to the active power export level.

OPERATION FUNCTIONALITIES

P Open Loop.

This operating mode allows for controlling
the active power generated at the inverter’s
terminals, and thus any inverter working
point.

Q Open Loop.

This operating mode allows for controlling
the reactive power generated at the
inverter’s terminals, and thus any inverter
working point.

Q-P curve Limitation

Up to 15 Q-P curves (5 levels of voltage
and 3 levels of temperature) can be
configured in order to establish reactive
power limits for any active power level.

Q-V curve Limitation

With the purpose of supporting the voltage
control of the grid and limiting the amount
of reactive power allowed to exchange with
the grid, a Q-V curve can be configured in
the INGECON SUN Plant Controller.

Soft Shut Down

If the correspondent flag is enabled, after
a deactivation of the Plant Generation,
active power at POC is reduced to the
technical minimum in a controlled way
and reactive power is ramped to O, before
disconnecting all the inverters of the site.

Tap Changer Management

In case the control of the tap changer

of the main transformer is required to
be considered into the voltage control
strategy, INGECON SUN Plant Controller
includes an algorithm to do so.

Capacitor Banks Control

Sometimes, the connection and
disconnection of the capacitor bank

steps have to be coordinated with the
inverter’s production and grid’s conditions.
INGECON SUN Plant Controller includes
some Finite State Machines to perform this
coordination in a safely manner.

Ripple Control

Individual inverters can be selected to
operate under Ripple control, which means
they are taken out of the main control loop,
and the open loop P and Q commands
they will receive are the ones selected by
the SCADA for each individual unit.
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I TRANSFORMING RENEWABLE POWER SOURCES INTO SMART POWER PLANTS
Plant control system complying with the most demanding grid codes

INCLUDED ITEMS

e PLC.

* Power meter.

e Communications switch.

e Power supply.

OPTIONS

e HMI

e Hot Redundancy

e Gateway for Operator’s protocols

e Remote measurement

e |ndustrial PC as engineering station e UPS.
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POWER ANALYZER ©

INGECON® SUN Plant Controller

Energy metering accuracy
Voltage metering accuracy
Current metering accuracy
Frequency metering accuracy
Power metering accuracy
Input voltage range

Input current range

Power quality registration (PQ)
Redundancy

POWER SUPPLY

<0.2%
<0.1%
<0.1%
<10 mHz®
<0.2%
110-690V
10mA-5A
Optional
Optional

Voltage supply

Typical consumption®
Maximum consumption®
UPS capacity @
Redundancy

COMMUNICATION

100 - 240 Vac, 50-60 Hz / 110 - 250 Vdc
60 - 590 W
72-710 W
Upto 960 W/ 1.15 kWh
Optional

Standard protocols
Compatible protocols
Outer connectivity
Managed communication ©
Redundancy

COMPATIBILITY

Modbus TCP & UDP (client and server), FTP (client and server), NTP (client and server)

|IEC 60870-5-101/104 (Slave), DNP3 (Slave), OPC UA (Server)
Ethernet Copper, Optic Fiber (Single mode or Multi Mode)

Yes, with SNMP v1/2/3, VLAN, DHCP, Flow control, NTP, MAC filter, Ring management

Optional

Inverters

Utilities

Batteries

SCADA

Reactive power compensation systems
On load tap changer

Weather Stations

0&M FUNCTIONS

IS 3Play, IS 3Power & ISS 3Power (B & C Series)
Main industry protocols, with the addition of a gateway
Main manufacturers
Main industry protocols
Modbus or hard-wired interface
Modbus or hard-wired interface
Modbus interface

Datalogger
Equipment start up / stop
Power plant surveillance

Others

CPU

4 GB Compact Flash memory

General and individual start up or stop of the inverters, BESS and capacitor banks

Monitoring of the status of every single element inside Plant Controller’s control scope

Individual selection of inverters for night-time reactive power mode or open loop behavior,

Manual clearing of restart blocking after a communication failure

Typical processing time of control algorithms
Control period

Clock

Surveillance system

Redundancy

GENERAL DATA

<2ms
100- 200 ms (configurable)
Internal RTC sinchronizable through NTP

Watchdog, working times surveillance, CPU temperature and input/output status

Optional

Dimensions (H/W/D)

Weight®

Protection class

Impact resistance

Overvoltage protection

Installation

Operating temperature ©

Storage temperature

Maximum realtive humidity (non-condensing)
Marking

Electrical security standards compliant
Quality measurement standards compliant
Grid Code Compliance certificates

Other standards

Notes
(1) Final parameters depend on the actual analyzer model installed on site.
(2) For voltages greater than 30% of the nominal voltage.

(3) Values considered for the minimum and maximum possible amount of devices

inside the cabinet, respectively.

(4) If the installation does not feature an energy storage system, the ride-through autonomy would

be up to 400 ms.

Ingeteam

2158 /807 /826 mm
215 - 290 kg
IP55
IK10
Type 2
Ground
Oto40°C
-20to 50 °C
95%
CE, UL
IEC 61439-1&2, UL508A
|IEC 61000-4-30, IEC 62586-1

Spain: NTS SEPE&SENP, Germany: VDE-AR-N 4110/4120/4130

IEC61131-2,3

(5) These protocols would be available with the addition of a communication gateway that is quoted as an extra.
(6) Final configuration and design of the communication network is outside of Ingeteam’s scope of supply.
)

(7) Data accesible through an FTP server.

(8) Without the addition of any climatic management component such as heating resistor.

* For other configurations, please contact Ingeteam'’s solar sales department.

www.ingeteam.com

INGECON SUN_PlantControler_Rev_A2



EUROPE

Ingeteam Power Technology, S.A.
Avda. Ciudad de la Innovacion, 13
31621 Sarriguren (Navarra) - Spain
Tel.: +34 948 288 000

Fax: +34 948 288 001

e-mail: evc.energy@ingeteam.com

Ingeteam S.r.l.

Via Emilia Ponente, 232

48014 Castel Bolognese (RA) - Italy
Tel.: +39 0546 651 490

Fax: +39 054 665 5391

e-mail: emobility.italia@ingeteam.com

Ingeteam SAS

140 Rue Carmin - Le Naurouze B
31670 Labeége - France

Tel.: +33 (0)5 61 25 00 00

Fax: +33 (0)5 61 2500 11
e-mail: france@ingeteam.com

Ingeteam, a.s.
Technologicka 371/1

70800 Ostrava - Pustkovec
Czech Republic

Tel.: +420 59 747 6800

Fax: +420 59 732 6899
e-mail: czech@ingeteam.com

Ingeteam GmbH

Grand Bateau — Zollhof 6

D-40221 - Dusseldorf, Germany
Tel.: +49 (0) 211 78177950

e-mail: deutschland@ingeteam.com

Ingeteam Poland Spzoo

Ul. Koszykowa 60/62 m 39
00-673, Warsaw, Poland

Tel.: (+48) 22 821 99 30
e-mail: polska@ingeteam.com

Ingeteam LTD.

Unit 10 Gordano 19, Garanor Way, Portbury
Bristol, BS20 TXE - United Kingdom

Tel.: +44 (0) 331 630 0305

NORTH AMERICA

Ingeteam Inc.

3550 W. Canal St.

Milwaukee, W1 53208 - USA

Tel.: +1 (414) 934 4100/ +1 (855) 821 7190
Fax: +1 (414) 342 0736

e-mail: usa@ingeteam.com

Ingeteam Power Technology México S de RL de CV
Av. Ejército Nacional Mexicano 351,

Chapultepec Morales, Granada,

Miguel Hidalgo,

CP: 11520

Ciudad de México, CDMX

Tel.: (+52) 55 6586 9930

e-mail: proveedores.iptm@ingeteam.com

SOUTH AMERICA

Ingeteam Ltda.

Rua Estécio de S&, 560

Santa Genebra

Campinas - SP

CEP: 13080-010; Séo Paulo - Brazil
Tel.: (+65) 1930373773

e-mail: brazil@ingeteam.com

Ingeteam Chile SpA

Balmoral n.° 309, Piso 10°, Oficina 1008,
7561282 Las Condes

Santiago, Chile

Tel.: (+56) 229 253 825

e-mail: chile@ingeteam.com

Ingeteam

www.ingeteam.com

ASIA

Ingeteam Power Technology Shanghai, Co. Ltd.
Room 2606-F, No.360 South Pudong Road
China (Shanghai) pilot free trade zone

C.P 200120

Tel.: +86 139 1622 4886

e-mail: liu.yimin@ingeteam.com

Ingeteam India Pvt. Ltd.

Survey No. 111/1-111/3 & 111/5-111/7,
Village No.155, Mambakkam Village,
Chennai - Bangalore Main Road,
Sriperumbudur Taluk,

Kancheepuram District - 602106,
Tamilnadu, India

Ingeteam Power Technology S.A. UAE Branch
Al Bateen tower c6 Bainunah 1st floor

Street 34

Abu Dhabi - UAE

Tel.: +971 2 207 6666

Ingeteam Power Technology S.A.
Thailand representative office

100/67 Vongvanij B Building, 22nd floor,
Rama IX Road., HuayKwang,

10320 Bangkok

Te.: +66 22461798

e-mail: Thailand.pga@ingeteam.com

AUSTRALIA

Ingeteam Australia Pty Ltd.

laccelerate Centre, Building 239
Innovation Campus, Squires Way

North Wollongong, NSW 2500 - Australia
Tel.: +61 429 111 190

e-mail: australia@ingeteam.com



