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Therecentinclusion and expansionof renewable energy
in the global electricity generation market
requires proper control, monitoring, and operation
to ensuresystemstability and harmonious functioning.

With its extensive experience and expertise
in primary control, REIVAX expands its reach
byo e r ithea grobust and y e x iPbweee Plant
Controller (PPC) and advanced SCADA Elipse
automation for centralized power plants.

g | POWER PLANT
CONTROLLER




APLICATIONS
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BLACK FREQUENCY TRANSMISSION
START VOLTAGEREGULATION RELIEF

PEAK ENERGY
SHAVING ARBITRAGE
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D | ST R | B U T E D G E N E RAT | O N AN DConsidering the possibility of small-scale energy generation, such

as residential systems,it is important to de pthe di er e

C E N T RAL I Z E D G E N E RAT' O N betweensmall-scaleand large-scalegeneration.

Di e rowmers and multiple

point of interconnection Production in large facilities
(solar plants, wind farms, etc.)

Challenges in secondary control: and by a single owner.

Greater dmanagimgl ty i n

and coordinating distributed Geographical proximity of

generation. generation units.

Limited Power: Centralized control by the PPC.

Typically has a capacity of less

than 5 MW. Capacity greater than 5 MW.

In compliance with the Grid Codes
and commercialization standards.

DISTRIBUTED GENERATION (DG)
AROUND THE WORLD

Greeceand Mexico < 0.5MW

UK, Ireland,Nevada < 1Mw

Oregon

IA

5MW

Texas < 10Mw
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POWERPLANTCONTROLLER
PHOTOVOLTAIC

REMOTE
MONITORING

............................................. GRID OPERATOR
The Photovoltaic Power Plant Controller - PPC| PV
S p e ci poordinates/solar inverters (Centralized or
String) and other PPCsorganizing the joint operation
of the equipment, enabling the plant to achieve its
objectives regarding the connection point with the
electrical system,in compliance with the Grid Code. POWERPLANT CONTROLER
@O-0——




APLICATION

COMPLIANCE WITH FREQUENCY
GRID CODE VOLTAGEREGULATION

Q__]
il
@
GENERATION SHADING PEAK
PRIORITIZATION COMPENSATION SHAVING
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FEATURES PPC | PV

POWERPLANTCONTROLLER
PHOTOVOLTAIC

COMPLIANCEWITH
GENERATIONRULES

Control Modes at the Connection Point: e CURTAILED POWER
e e e e e e AVAILABLE POWER
. oo -
. Active Power: Fixedor frequency-dependente 5 e
& .. .'
. . 3 o *e POWER LIMIT
Reactive Power: Fixed or voltage-dependent 2 |y
ekl
5
. Power Factor: Fixedor active power-dependent a
CURTAILMENT POWER CURTAILMENT POWER
. . LIMIT START LIMIT STOP
. Voltage: Fixedor static
TIME

¥ reIvax



FEATURES PPC | PV

POWERPLANTCONTROLLER
PHOTOVOLTAIC

COMPLIANCEWITH
GENERATIONRULES

10 — T 7T
09 -— /
Control Modes at the Connection Point: 08 —
07 —
06 —
. Active Power: Fixedor frequency-dependente 05 —
04 —
. Reactive Power: Fixed or voltage-dependent 03 —
02 -—
. Power Factor: Fixedor active power-dependent 01 —
0 t t } | v t t } }
. Voltage; Fixed or static 05 04 03 02 01 0 01 02 03 04 05
-~ Q/PN N
INDUCTIVE CAPACITIVE
DENMARK < 1.5MW - GERMANY VARIANT 3
— DENMARK 1.5-25MW == |RELAND
— DENMARK > 25MW UK
----- GERMANY VARIANT 1 === BRAZIL

—— GERMANY VARIANT 2
¥ reIvax



FEATURES PPC | PV

POWERPLANTCONTROLLER
PHOTOVOLTAIC

COMPLIANCEWITH

GENERATIONRULES
'

POINT OF INTERCONNECTION (POI)

Control Modes at the Connection Point: :
‘I‘IO% ...................
. Active Power: Fixedor frequency-dependente 105% oo
. Reactive Power: Fixed or voltage-dependent 100% boovoovooiein ........................................
. Power Factor: Fixedor active power-dependent 950
(o]
. Voltage: Fixedor static
90%
Q/ PMAX
-0.329 0 -0.329
FP= -0.95 FP= 095

¥ reIvax



FEATURES

HIRED
DEMAND

AVERAGE
PRODUCED
ENERGY

OPTIMIZATION OF ENERGYGENERATION

Maximization of the utilization of contracted demand,
Increasing generation while there is excessdemand to be used
(billed demand).

POTENTIAL ENERGY LOSS GAP
(BILLED DEMAND vs ACTUAL DEMAND)

POWER
RESTRAINEMENT

\

PO e O 0080 0008 0 06 -T2 9%00080000000
e —————— 15 MINUTE INTERVAL = wreeeeresmememsmnsmsnns >

NO POWER
RESTRAINEMENT

ENERGY COMPENSATION
MATCH TO REACH 100%

™ reivax



FEATURES PPC | PV

POWERPLANTCONTROLLER
PHOTOVOLTAIC

OPTIMIZATION OF ENERGYGENERATION

P=100%

"0: -0:
=Y
SHADING COMPENSATION == =

MEASUREMENT METER

When a module has a generation d e p cthet ,

PPCcommands an increase in the generation -

of other modules in the same cluster, thus ,‘ﬁb‘ D< 1 Q<
allowing for the compensation of this d e pci t [ \ F \

and maintaining high generation levels for the L
Cl uster MEASUREMENT METER

P=100%

MEASUREMENT METER

¥ reIvax



FEATURES

OPTIMIZATION

COMPENSATION FOR ELECTRIC
LOSSESIN THE PLANT AND
LOCALLOADS

Generation targets compensate for the
electric lossespresent in the plant and local
loads, allowing for increased generation at
the substation feeder.

POWERPLANTCONTROLLER
PHOTOVOLTAIC

OF ENERGYGENERATION

MEASUREMENT GENERATION

LOSSES OF

13kW

13kW

MEASUREMENT METER

¥ reIvax



FEATURES

PPC | PV

POWERPLANTCONTROLLER
PHOTOVOLTAIC

PRIORITIZATION OF GENERATIONBY EACHSOLARPLANT

During curtailment situations, it is
necessary to reduce the plant's
power, which can be done either
equally or by prioritizing certain
power plants. Prioritization is
particularly important when the
parks have distinct have distinct
power purchase agreement,
allowing for one contract to be
favored over another according to
its relevance and contractual needs.

60%
[1=mm]
-0~ e
HHA
'i‘ N\ 60% .
60%
o
.'O‘.
=== AN A=
% BNV N0
I rer
|
) CONTROL =
@ VEASUREMENT —
POWER PLANT
CONTROLLER

WITHOUT
GENERATION

PRIORITIZATION

20%
(===
-0~
' L7
—% I \QL/ 100%
60%
oD
.-o..
: L /79 = |
8
& eer
I
0 CONTROL =
@ MEASUREMENT -
POWER PLANT
CONTROLLER

WITH GENERATION
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FEATURES PPC | PV

POWERPLANTCONTROLLER

PHOTOVOLTAIC

JOINT AND COORDINATED CONTROL
OF THE OTHER PLANT ASSETS

CAPACITORS/INDUCTORS g O]

AND TRANSFORI\/IERTAP$ _ [ome] [ /_l B

Automated  connection/disconnection of m -

capacitor/inductor banks and automated POWER PLANT

switching of the tap changer position on the | b .

generator step-up transformer. 1 = \7 1
| FTotectionRel_ay\

DYNAMIC OVERMAGNETIC FLOW H]

LIMITERS (ANSI 24) AND MAXIMUM

POWERLIMITERS(ANSI 32): P—— 1 ——{} C——{

To prevent unfavorable conditions in the C——{ 1 [o—e °%° B—{

transformers. Additionally, there are dynamic ° 9 o

undervoltage and overvoltage limiters (ANSI O | T ) i

27/59) for medium voltage lines and generator A= = - CA—

outputs, aiming to comply with the operating

limits of auxiliary loads. [y ANS! 24 - OVERFLUXING (V/Hz) gy ANSI 27 - UNDERVOLTAGE

ANSI 32 - OVERPOWER ANSI 59 - OVERVOLTAGE M revax



FEATURES

IHM & SCADA

Tensao terminal (kV)

Leltura )36.2 |Ref.| 233.0
Emergéncia

Setpoint ‘7-_’.-'-21..{ EMG

HMI and SCADAIn compliance with ISA101
bl (Human Machine Interfaces for Process

Leitura 0.5 Ref. 0.0 | Local/Remato

Potanca rsta (H¥Ar) wiilaia | Automation Systems) facilitating operation

ok 1 - Rem

Max

tetura[ 14 | per[ 14 and maintenance.

Limite de geracao

Setpaint o=
Min .\:, 5 Max
= = Auto/Manual

Comandos

B oy |
Min L_‘d Max |

SCADAIs a tool for both local and remote use,

E— while HMI focuseson local operation.

Leitura| -0.52 Ref.| -0.94

- 2 Retirando
carga
Setpaint

" “‘L:! s | m
rga

Parado/Emg Sincronizando

(oxmsraons oy 13 (NREED ONSRESS) IS (RSN CHRESRSREHO  PPCx

1 re1vax



COMMUNICATION

INTERFACE

Ethernet

Single-mode or multimode
b b eoptic

Rs485

TECHNICAL
FEATURES

PROTOCOL

INDUSTRIAL
Modbus TCPModbus RTU,
IEC60870-5-101, IEC60870-5-104,

IEC61850,DNP3,0PCDA, OPC
UA,
Propbus DRP Et her

NETWORK
VLAN (IEEEB02.1Q),Q0S (IEEE802.1D),
RSTRIEEEB02.1w)e MRP;

CONTROL

PANEL

POWERSUPPLY
125 Vv DC/ 100-240 V AC
(optional)

UPS
24V DC,5 A, 7.2 Ah (optional)

IP RATING
IP54 (sheltered)

PPC | PV

POWERPLANTCONTROLLER
PHOTOVOLTAIC

¥ reIvax



PEEVVIND.

FOWERPLANTCONITROLEE
WIND



PPC| W

POWERPLANTCONTROLLER
WIND

REMOTE
MONITORING

.............................................

The Wind Power Plant Controller - PPC| W

coordinates wind turbines or other wind PPCs, i~

organizing the joint operation of the equipment, |

enabling the plant to achieve its objectives \

regarding the connection point with the electrical POWERPLANT CONTROLER

system,in compliance with the Grid Code. I
QO-0—

¥ reIvax



APLICATION

COMPLIANCE WITH FREQUENCY
GRID CODE VOLTAGEREGULATION

Q__1
=1
@
GENERATION GENERATION PEAK
PRIORITIZATION OPTIMIZATION SHAVING

¥ reIvax



PPC | W

POWERPLANTCONTROLLER

PRIMARY PPC SECONDARY PPC
Used in wind plants that do not have other Used in wind plant that already have other PPCs,
PPCs,being connected directly to the wind connecting to them and unifying the p | a eantiok

turbine generator.

PRIMARY PPC
MANUFACTURER 1

o]
T

SECONDARY PPC

SECONDARY PPC MANUFACTURER 2
REIVAX

Il

PRIMARY PPC
REIVAX




FEATURES PPC | W

POWERPLANTCONTROLLER

WIND

COMPLIANCEWITH
GENERATIONRULES

Control Modes at the Connection Point: e CURTAILED POWER
e e e e e e AVAILABLE POWER
. oo -
. Active Power: Fixedor frequency-dependente 5 e
& .. .'
. . 3 o *e POWER LIMIT
Reactive Power: Fixed or voltage-dependent 2 |y
ekl
5
. Power Factor: Fixedor active power-dependent a
CURTAILMENT POWER CURTAILMENT POWER
. . LIMIT START LIMIT STOP
. Voltage: Fixedor static
TIME

¥ reIvax



FEATURES PPC | W

POWERPLANTCONTROLLER

WIND

COMPLIANCEWITH
GENERATIONRULES

09 —
) ) 08 —
Control Modes at the Connection Point: 07 |
06 —
- - 05 T
. Active Power: Fixedor frequency-dependente o L
) ) 03 —
. Reactive Power: Fixed or voltage-dependent 0 L L
- - 01 T -
. Power Factor: Fixedor active power-dependent . .
05 04 03 02 01 O 01 02 03 04 05
. Voltage: Fixedor static . QP,
INDUCTIVE CAPACITIVE
DENMARK < 1.5MW == GERMANY VARIANT 3
—— DENMARK 1.5-25MW = |[RELAND
— DENMARK > 25MW UK
=== GERMANY VARIANT 1 = BRAZIL
— GERMANY VARIANT 2

¥ reIvax



FEATURES PPC | W

POWERPLANTCONTROLLER
WIND

COMPLIANCEWITH

GENERATIONRULES
'

POINT OF INTERCONNECTION (POI)

Control Modes at the Connection Point: :
‘I‘IO% ...................
. Active Power: Fixedor frequency-dependente 105% oo
. Reactive Power: Fixed or voltage-dependent 100% boovoovooiein ........................................
. Power Factor: Fixedor active power-dependent 950
(o]
. Voltage: Fixedor static
90%
Q/ PMAX
-0.329 0 -0.329
FP= -0.95 FP= 095

¥ reIvax



FEATURES

HIRED
DEMAND

AVERAGE
PRODUCED
ENERGY

OPTIMIZATION OF ENERGYGENERATION

Maximization of the utilization of contracted demand,
Increasing generation while there is excessdemand to be used.
(billed demand)

POTENTIAL ENERGY LOSS GAP
(BILLED DEMAND vs ACTUAL DEMAND)

POWER
RESTRAINEMENT

\

PO e O 0080 0008 0 06 -T2 9%00080000000
e —————— 15 MINUTE INTERVAL = wreeeeresmememsmnsmsnns >

NO POWER
RESTRAINEMENT

ENERGY COMPENSATION
MATCH TO REACH 100%

™ reivax



FEATURES

OPTIMIZATION OF ENERGYGENERATION

O
I

100% —i0 —i0

=90 =V
g TE

)

COMPENSATION FORWIND REDUCTION MEASUREMENT METER
When a wind turbine experiencesa generation
d e p ¢he PRCcommands an increasein the P= 70% — —N

generation of other turbines in the same cluster,
allowing for the compensation of thisd e p and t
maintaining high generation levels for the

Cl uste r MEASUREMENT METER

HO
L
!

w )

O
I

WA — =0

KO
)
J
)

MEASUREMENT METER
¥ reIvax



FEATURES

OPTIMIZATION OF ENERGYGENERATION

MEASUREMENT GENERATION
LOSSES OF

COMPENSATION FOR ELECTRIC 387kW
LOSSESIN THE PLANT AND 9,
LOCALLOADS @

Generation targets compensate for the

electric lossespresent in the plant and local LOSSES OF
loads, allowing for increased generation at 13kW
the connection point. +13kW |

MEASUREMENT METER

¥ reIvax



FEATURES

PRIORITIZATION OF GENERATIONBY EACHSOLARPLANT

60% 20%
|1 ||
During curttallmer;t sﬂuislrt]lons,I it t'IS | oy &ﬂ% I oy
necessary to reduce the plant's (% — N
y Pé 60% 60% 100% 60%
power, which can be done either e i)
equally or by prIOI‘-ItIZ-II-‘lg _certal_n - ¢ﬁ*’ | AW £ 7?!:[\, | - ﬁﬂ% { A £ 75?!:!\, }
power plants. Prioritization is
particularly important when the
parks have distinct generation )
contracts, allowing for one , L |
contract to be favored over ' !
another according to its relevance — = — =
and contractual needs. POWER PLANT POWER PLANT
CONTROLLER CONTROLLER

WITHOUT
GENERATION

WITH

GENERATION

PRIORIZATION PRIORIZATION

¥ reIvax



FEATURES PPC | W

JOINT AND COORDINATED CONTROL
OF THE OTHER PLANT ASSETS

WIND

T =
CAPACITORS/INDUCTORS % |
AND TRANSFORMERTAPS E
Automated  connection/disconnection of T _
capacitor/inductor banks and automated ‘conRoLLER

switching of the tap changer position on the
step-up transformer.

DYNAMIC OVERMAGNETIC FLOW ﬁ ﬂ]
LIMITERS (ANSI 24) AND MAXIMUM ’ﬁ%—*l*—D— ’ﬁ“é\;‘jf ’ﬁ“_qﬂf
POWERLIMITERS(ANSI 32): . | oo A )
To prevent unfavorable conditions in the b0 =1 b
transformers. Additionally, there are dynamic
undervoltage and overvoltage limiters (ANSI TS B TR {1
27/59) for medium voltage lines and generator

outputs, aiming to comply with the operating
iimits of liary load gy ANS| 24 - OVERFLUXING (V/Hz) gy ANSI 27 - UNDERVOLTAGE
Imits of auxiliary loads. ANSI 32 - OVERPOWER ANSI 59 - OVERVOLTAGE

Q00
[o]eXe)
Q00

¥ reIvax



FEATURES

IHM & SCADA

Tensao terminal (kV)

Leltura )36.2 |Ref.| 233.0
Emergéncia

Setpoint ‘7-_’.-'-21..{ EMG

HMI and SCADAIn compliance with ISA101
bl (Human Machine Interfaces for Process

Leitura 0.5 Ref. 0.0 | Local/Remato

Potanca rsta (H¥Ar) wiilaia | Automation Systems) facilitating operation

ok 1 - Rem

Max

tetura[ 14 | per[ 14 and maintenance.

Limite de geracao

Setpaint o=
Min .\:, 5 Max
= = Auto/Manual

Comandos

B oy |
Min L_‘d Max |

SCADAIs a tool for both local and remote use,

E— while HMI focuseson local operation.

Leitura| -0.52 Ref.| -0.94

- 2 Retirando
carga
Setpaint

" “‘L:! s | m
rga

Parado/Emg Sincronizando

(oxmsraons oy 13 (NREED ONSRESS) IS (RSN CHRESRSREHO  PPCx

1 re1vax



COMMUNICATION

INTERFACE

Ethernet

Single-mode or multimode
b b eoptic

Rs485

TECHNICAL
FEATURES

PROTOCOL

INDUSTRIAL
Modbus TCPModbus RTU,
IEC60870-5-101, IEC60870-5-104,

IEC61850,DNP3,0PCDA, OPC
UA,
Propbus DRP Et her

NETWORK
VLAN (IEEEB02.1Q),Q0S (IEEE802.1D),
RSTRIEEEB02.1w)e MRP;

CONTROL

PANEL

POWERSUPPLY
125 Vv DC/ 100-240 V AC
(optional)

UPS
24V DC,5 A, 7.2 Ah (optional)

IP RATING
IP54 (sheltered)

PPC | W

POWERPLANTCONTROLLER
WIND

¥ reIvax
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PPC| BESS

POWERPLANTCONTROLLER
BESS

REMOTE
MONITORING

.............................................

The Battery Energy Storage System Power

Plant Controller (BESS| PPC BESS coordinates SR

the storage and discharge of the battery set, aiming |

to achieve the plant's objectives regarding the 3

connection point to the electrical system. POWERPLANT CONTROLER
@O-0——

BATTERIES

¥ reIvax



BLACK
START

PEAK
SHAVING

APLICATION

FREQUENCY
VOLTAGEREGULATION

®

PRICE
ARBITRAGE

TRANSMISSION
RELIEF

2

SERVICE
LIFE
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TOPOLOGY PPCIBESS

PRIMARY PPC SECONDARY PPC

Used in plants that already have other PPCs,connecting
to them and unifying the p | a cantiok

Used in plants that do not have other PPCs,being
connected directly to the PCS

——
C
I ——
PRIMARY PPC
MANUFACTURER 1 —
= |— EE
|
~_
SECONDARY PPC EE
SECONDARY PPC MANUFACTURER 2

PRIMARY PPC

REIVAX REIVAX




FEATURES

€/Mwh

80

70

60

PPC | BESS

POWERPLANTCONTROLLER
BESS

PRICEARBITRAGE

[JDISCHARGE PROFITMAXIMIZATION:
In markets with real-time pricing or time-of-uset a r the s,
\ BESSPCoptimizes the storage and discharge of energy.
In this way, the plant injects energy into the grid
| |CHARGE at times of higher value, taking advantage of the most

favorablet ar i S .

9 11 13 15 17 19 21 23
HOUR

¥ reIvax



FEATURES

Battery Retention Capacity %

100

90

20

70

60

50

BATTERYLONGEVITY

75% - 25%
85% - 25%
® 100% - 25%
Linear Interpolation 75% - 25%
Linear Interpolation 85% - 25%
— Linear Interpolation 100% - 25%

L™ "4',““;“

2.000 4.000 6.000 8.000 10.000 12.000 14.000
Number of Cycles

Maximization of Battery Lifespanwith Intelligent Control

HIGH INVESTMENT, HIGH EFFICIENCY:
Batteriesrepresentas i g n i dost, making it essentialto

adopt control strategies that increasetheir durability.

OPTIMIZED OPERATIONMODES:
While some strategies may achieve short-term goals, they

can acceleratebattery wear over time.

SMART CHOICEFORTHE FUTURE:
It is crucial to carefully select control modes that ensure

e C | a&nd dustainable performance for energy generation
projects

™ reivax
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PPC| H

POWERPLANTCONTROLLER
HYBRID

TheHybrid Power Plant Controller (PPC
H) coordinatesd i e soercesof
generation and storage to ensurethe joint
operation of the equipment.

Thisallows for the achievementof the plant's
control objectives and compliance with the
accessregulations at the grid code.
Additionally, it integrates with other assets,
performing control and monitoring at the
substation for capacitors/inductors and
transformers.

Toincreaseenergy production, it is possible to REMOTE
combinedi er ent twatlwnhtmeo!l ogi es
same cluster, taking advantage of the highest
energy potential depending on the available

resourcesat a given moment.

Furthermore, it is possible to make even
existing plants with one technology operational
hybrid. The objective of this associationis
generally to increasethe capacity factor of the
generating substation and avoid the expansion
of the transmission power margin.

INVERTER &
WIND TURBINE

¥ reIvax



PRIMARY PPC

Used in wind plants that do not have other
PPCs,being connected directly to the wind
turbine generator.

PRIMARY PPC
REIVAX

TOPOLOGY PPCIH

SECONDARY PPC

Used in wind plant that already have other PPCs,
connecting to them and unifying the p | a ©adntibk

\ .:(:3:.
PRIMARY PPC
MANUFACTURER 1

POWERPLANTCONTROLLER
HYBRID

O

| T
PRIMARY PPC
MANUFACTURER 2
SECONDARY PPC =

/
= | [4s

PRIMARY PPC
MANUFACTURER 3

REIVAX




PPC | H

POWERPLANTCONTROLLER
HYBRID

ENERGY
SOURCES

The regularity of its
generation is simultaneously
its greatest virtue and its
greatest limitation.
Supplementing generation
with batteries is a commonly
made association aimed at
increasing the number of
hours of generation. It is also
frequently added to wind
generation to enhance the
capacity factor of the
combined system,without the
need to expand the
substation's capacity

THERMAL

Thermal power plants have the

advantage of being lessi nyuenced
by environmental conditions for

their operation; however, they

have a long startup time and

faced i ¢ uih denesting

power away from nominal

conditions.

Thus, its typical useis asa
baseload, ensuring a constant
minimum level of generation. Its
supplementation with solar
photovoltaic generation aimsto
conservefuel while still meeting
the customer's energy needs.

WIND

Thisrenewable source hasthe
advantage of providing energy
for 24 hours; however, it is

di ctapredict its generation.

Wind plants depend on winds
with s u ¢ ispeedto produce
energy, making the careful
selection of tower installation
sites necessary.One strategy
that has been adopted is the
association of wind plants with
solar plants, asit is possible to
harnessgood irradiation
potential in almost any territory.

Quick startup, a wide power
control range, and 24-hour
availability make this source
quite versatile. A negative
aspect is the emission of
pollutant gases due to diesel
combustion. The combination
with solar power balances fuel
economy on one hand and

y e x i &and genetatipn
availability on the other.

HYDRO

To better utilize the reservoir
area and increase generation,
hydropower plants can
"hybrwthiypadi ng
photovoltaic modules. This
association is referred to asa
hydrosolar plant.

Solarpanelsb e n drgnt the
availability of installation area
already belonging to the plant

and from the natural cooling
provided by the proximity to

the lake water, allowing for
increased panele ci ency.

The availability of storage
provides greaty e x i forthei t vy
plant that hasit. It can operate
during times when the
alternative generation source
haslowe c i esocbhasa
diesel generator at low power. It
can also complement generation
during peak demand periods, a
situation where it does not
justify oversizing the generator
for use only in this extreme case.

¥ reIvax



