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A3.1 PURPOSE

The purpose of this document is to define the Modbus protocol implemented in CEGASA's Battery
Systems. This protocol follows the IEEE 1547-2018, SunSpec 800x standard.

A3.2 GENERAL DESCRIPTION

The SunSpec 800X standard for lithium batteries provides a guide for defining monitoring and
control variables for lithium battery-based energy storage systems. These variables are grouped
into different models, each oriented toward a specific area of application.

To define the models, SunSpec makes the following classification of components within a lithium-
based storage system:

Terminology

Battery manufacturers have different terms for the components that make up a lithium-ion
battery energy storage system. This specification and the associated model use the
following terms:

Cell A single energy or charge-storing unit

Module A single enclosed unit consisting of a set of cells
String Set of battery modules connected in series
Bank Set of battery strings connected in parallel

With this classification, it establishes a series of models, both generic and specific to the
application:

COMPONENT MODEL

Common Model 1

Base Model 802
Bank Model 803
String Model 804
Module Model 805

Detailing each model as follows:

e Base Model (802): This model provides key monitoring and control points for all battery
storage devices. It is the primary model used for communication with the battery.

e Bank Model (803): This model provides monitoring and control points for a lithium battery
bank. It includes summary information on the strings within the bank.

e String Model (804): This model provides monitoring and control points for a specific lithium
battery string. It includes summary information on the modules within the string.

e Module Model (805): This model provides monitoring and control points for a specific
lithium battery module. It includes summary information about the cells within the module.
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In SunSpec, each model is composed of two parts: a fixed part and a variable part.

The fixed part of each model refers to the fields and parameters that are common and remain
constant for all devices that implement that model. These fields represent the basic structure and
essential attributes of the model. For instance, in Model 1 Common, fields such as Model ID, Model
Length, Manufacturer and Serial Number are part of the fixed part, as these fields are necessary
to identify and describe the device.

The variable part of each model refers to fields and parameters that may vary between different
devices or implementations of the same model. These fields represent device-specific information
or custom configurations. For instance, in Model 1 Common, fields such as Options, Version and
Device Address are part of the variable part, as they may contain manufacturer-specific values or
device-specific configurations.

The fixed part provides the structures and basic fields necessary for all the devices implementing
that model, while the variable part allows the model to be customised and adapted to the specific
needs of each device or implementation.

In the case of Cegasa batteries, the variable part will depend on the specific configuration of each
application, as the number of strings that each system may contain varies. The table below sets
out the modbus structure for the case of 9 strings.

Register Description Values
4x40001 SunS' Identifier 32-bit Identifier: 0x33736e53
| 4x40003 Common Model Model ID: 1

Model Length : 66

4x40071 EBattery Base Model ModelID: 202
Model Length : 62

' 4x40135 Lithium-ion Battery ' Model ID: 203

Bank Model Model Length: 26+ (9*28) = 2782
| 4x40415 End Model Model ID:  OxFFFF

Model Length: 0

For the application of the SunSpec standard for Cegasa batteries, two approaches are considered
here.

e The first simplified approach will only contain models 1and 802.
e A second, more detailed approach will contain models 1, 802, 803.
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Label
Sunspec Identifier

Sunspec Identifier

Common Model ID
Common Model
Length

Manufacturer
Model
Options
Version

Serial Number

Device Address

Energy Storage
Base Model ID
Energy Storage
Base Model Length
Nameplate Charge
Capacity
Nameplate Energy
Capacity

Nameplate Max
Charge Rate

Namplate Max
Discharge Rate

Self Discharge Rate

Value
0x5375
Ox6e53

66
"CEGA
SA"

0x01

0x8000

Type
uint16
uint16

Units

Scale
Factor

Model 1 Common Model

uint16

uint16
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string32
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uint16
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Description
Sunspec Identifier - Su

Sunspec Identifier - nS

Model identifier

Model length

Well known value registered with
SunSpec for compliance
Manufacturer specific value (32
chars)

Manufacturer specific value (16
chars)

Manufacturer specific value (16
chars)

Manufacturer specific value (32
chars)

Master CAN ID

Force even alignment

Model identifier

Model length

Nameplate charge capacity in
amp-hours.

Nameplate energy capacity in DC
watt-hours.

Maximum rate of energy transfer
into the storage device in DC
watts.

Maximum rate of energy transfer
out of the storage device in DC
watts.

Self discharge rate. Percentage of

capacity (WHRtqg) discharged per
day.

Notes
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Nameplate Max
SoC uint16

Nameplate Min
SoC uint16

Max Reserve

Percent uint16

Min Reserve

Percent uint16

State of Charge uint16

Depth of Discharge uint16

State of Health uint16

Cycle Count uint32

Charge Status enumi6é
Control Mode enumié
Battery Heartbeat uint16

Controller

Heartbeat uint16

Alarm Reset uint16

Battery Type 0x0004 | enuml6
State of the

Battery Bank enum16
Vendor Battery

Bank State enuml16

Warranty Date 0x8000 | uint32
Battery Event

Bitfield 1 bitfield32
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Manufacturer maximum state of
charge, expressed as a
percentage.

Manufacturer minimum state of
charge, expressed as a
percentage.

Setpoint for maximum reserve for
storage as a percentage of the
nominal maximum storage.
Setpoint for maximum reserve for
storage as a percentage of the
nominal maximum storage.

State of charge, expressed as a
percentage.

Depth of discharge, expressed as a
percentage.

Percentage of battery life
remaining.

Number of cycles executed in the
battery.

Charge status of storage device.
Enumeration.

Battery control mode.
Enumeration.

Value is incremented every second
with periodic resets to zero.

Value is incremented every second
with periodic resets to zero.

Used to reset any latched alarms. 1
= Reset.

Type of battery. Enumeration.
State of the battery bank.
Enumeration.

Vendor specific battery bank state.
Enumeration.

Date the device warranty expires.

Alarms and warnings. Bit flags.

6

Measurement.

Measurement.

Maps to
DRCC.LocRemCtl in
IEC 61850.
Increments from O to
100 and resets to zero

Battery should reset to
0 when reset is
complete.

Maps to DBAT.BatTyp
in 61850.

Must be reconciled
with State in IEC
61850.

Number of days since
1/1/2000.
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Battery Event
Bitfield 2
Vendor Event
Bitfield 1
Vendor Event
Bitfield 2
External Battery
Voltage

Max Battery
Voltage

Min Battery
Voltage

Max Cell Voltage
Max Cell Voltage
String

Max Cell Voltage
Module Cell

Min Cell Voltage
Min Cell Voltage
String

Min Cell Voltage
Module Cell
Average Cell
Voltage

Total DC Current

Max Charge
Current

Max Discharge
Current
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Alarms and warnings. Bit flags.
Vendor defined events.
Vendor defined events.

DC Bus Voltage.

Instantaneous maximum battery
voltage.

Instantaneous minimum battery
voltage.

Maximum cell voltage value

Maximum cell voltage string index
Maximum cell voltage module and
cell indexes

Minimum cell voltage value

Minimum cell voltage string index
Mininum cell voltage module and

cell indexes

Average cell voltage for all cells in
the bank.

Total DC current flowing to/from

the battery bank.

Instantaneous maximum DC
charge current.

Instantaneous maximum DC
discharge current.

Reserved for future
use.

Maps to ZBAT.V in [EC
61850.

If not implemented,
must implement
AChaMax and
ADisChaMax.

If not implemented,
must implement
AChaMax and
ADisChaMax.

Measurement.

Bit 0:7 = module index;
bit 8:15 = cell index

Measurement.

Bit 0:7 = module index;
bit 8:15 = cell index
Calculation based on
measurements.

Measurement.
Calculation which is
always unsigned (i.e.
magnitude only). If not
implemented, must
implement VMax and
VMin.

Calculation which is
always unsigned (i.e.
magnitude only). If not
implemented, must
implement VMax and
VMin.
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Total Power

Inverter State
Request

Battery Power
Request

Set Operation

Set Inverter State

Lithium-lon Battery
Bank Model ID
Lithium-lon Battery
Bank Length

803

666

int16

enumi6

int16

enumi6

enuml6

sunssf

sunssf

sunssf

sunssf

sunssf

sunssf

sunssf

sunssf
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Model 803 Lithium-lon Battery Bank - Fixed Block

uint16

uint16
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Total power flowing to/from the
battery bank.

Request from battery to start or

stop the inverter. Enumeration.

AC Power requested by battery.
Instruct the battery bank to
perform an operation such as
connecting. Enumeration.

Set the current state of the
inverter.

Scale factor for charge capacity.
Scale factor for energy capacity.

Scale factor for maximum charge
and discharge rate.

Scale factor for self discharge rate.

Scale factor for state of charge
values.

Scale factor for depth of
discharge.

Scale factor for state of health.
Scale factor for DC bus voltage.
Scale factor for cell voltage.
Scale factor for DC current.

Scale factor for number of cycles

Scale factor for power.

Model identifier

Model length

Measurement.

Used in special states
such as manual battery
charging.

Used in special states
such as string
balancing.

Information needed by
battery for some
operations.

Model 803 length = 26
+ RB * 32, with RB = 20
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String Count
Connected String
Count

Max Module
Temperature

Max Module
Temperature String
Max Module
Temperature
Module

Min Module
Temperature

Min Module
Temperature String
Min Module
Temperature
Module

Average Module
Temperature

Max String Voltage
Max String Voltage
String

Min String Voltage
Min String Voltage
String

Average String
Voltage

Max String Current
Max String Current
String

Min String Current

Min String Current
String

Average String
Current

uint16

uint16

int16

uint16

uint16

int16

uint16
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int16
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Number of strings in the bank.
Number of strings with contactor
closed.

Maximum temperature for all
modules in the bank.

String containing the module with
maximum temperature.

Module with maximum
temperature.

Minimum temperature for all
modules in the bank.

String containing the module with
minimum temperature.

Module with minimum
temperature.

Average temperature for all
modules in the bank.
Maximum string voltage for all
strings in the bank.

String with maximum voltage.
Minimum string voltage for all
strings in the bank.

String with minimum voltage.
Average string voltage for all
strings in the bank.

Maximum current of any string in
the bank.

String with the maximum current.
Minimm current of any string in the
bank.

String with the minimum current.
Average string current for all
strings in the bank.

Measurement.

Measurement.

Maps to
DRCC.LocRemCtl in
IEC 61850.

Battery should reset to

0 when reset is
complete.

Maps to DBAT.BatTyp
in 61850.
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Battery Cell
Balancing Count

Module Count
Connection Failure
Reason

String Status

String State of
Charge

String State of
Health

String Current
Max Cell Voltage
Max Cell Voltage

Module

Min Cell Voltage

0x8000

uint16

sunssf

sunssf

sunssf

sunssf

sunssf

sunssf

Model 803 Lithium-lon Battery Bank - Repeating Block

uint16

enuml6

bitfield32

uint16

uint16

int16

uint16

uint16

uint16
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Total number of cells that are
currently being balanced.

Scale factor for cell voltage.
Scale factor for module
temperatures.

Scale factor for string currents.
Scale factor for string state of
health.

Scale factor for string state of
charge.

Scale factor for string voltage.

Count of modules in the string.

Current status of the string.

String connection failure code

Battery string state of charge,
expressed as a percentage.

Battery string state of health,
expressed as a percentage.

String current measurement.

Maximum voltage for all cells in the

string.

Module containing the maximum
cell voltage.

Minimum voltage for all cells in the

string.

10

Must be reconciled
with State in IEC
61850.

Number of days since
1/1/2000.

Reserved for future
use.

See
EnumValues_BitFlags

See

EnumValues_BitFlags

Measurement.

Measurement.

Measurement.

Measurement.

Measurement.
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Min Cell Voltage
Module

Average Cell
Voltage

Max Module
Temperature
Max Module
Temperature
Module

Min Module
Temperature
Min Module
Temperature
Module

Average Module
Temperature

Disabled Reason

Contactor Status

String Event
Bitfield 1

String Event
Bitfield 2

Vendor String
Event Bitfield 1

Vendor String
Event Bitfield 2

Enable/Disable
String

uint16

uint16

int16

uint16

int16

uint16

int16

enumié

bitfield32

bitfield32

bitfield32

bitfield32

bitfield32

enuml6
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C

CellV_S
ModTm

p_SF

ModTm
p_SF

ModTm
p_SF

RW
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Module containing the minimum
cell voltage.

Average voltage for all cells in the
string.

Maximum temperature for all
modules in the bank.

Module with the maximum
temperature.

Minimum temperature for all
modules in the bank.

Module with the miniumum
temperature.

Average temperature for all
modules in the bank.

Reason why the string is currently
disabled.

Status of the contactor(s) for the
string.

Alarms, warnings and status values.
Bit flags.

Alarms, warnings and status values.
Bit flags.

Vendor defined events.

Vendor defined events.

Enables and disables the string.

11

Calculation based on
measurements.

Measurement.

Measurement.

Calculation based on
measurements.

See
EnumValues_BitFlags

See
EnumValues_BitFlags

See
EnumValues_BitFlags

Reserved for future
use.

See
EnumValues_BitFlags.
Should reset to O upon
completion.
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Connect/Disconne

ct String

Pad

Pad

enuml6

pad

pad

OxFFFF uint16
OxFFFF uint16
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End Block
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Connects and disconnects the
string.

Pad register.

Pad register.

End block
End block

12

See
EnumValues_BitFlags.
Should reset to O upon
completion.
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