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1 Off-Grid Energy Supply
1.1  Necessity for an Off-Grid Energy Supply

The European Union estimates that 1 billion people worldwide live without access to electricity, which represents 13%
of the world population.

The high capital expenditure costs involved in expanding the utility grid coupled with low electricity demand often
preclude remote areas from being connecting to the utility grid. Off-grid systems based on photovoltaic systems and
other energy sources provide a viable alternative here, and are often an economically better solution.

1.2  Off-Grid Systems

Off-grid systems are autonomous utility grids that are fed with energy from various energy generators.

Off-grid systems can consist of the following components:

Components Description

PV arrays A PV array consists of several PV modules that produce direct current from solar
energy.

PV inverter The PV inverter (e.g. Sunny Boy or Sunny Tripower) converts the direct current

produced by the PV array into grid-compliant alternating current and feeds this
into the alternating current grid.

The PV inverter and the PV arrays must be dimensioned according to the chosen
power (see Section 3.5, page 16).

DC/DC charge controller In an off-grid system, the direct current provided by the PV arrays can be used to
charge a battery directly. A charge controller is necessary for this.

Batteries Batteries store electrical energy and support the grid when other energy genera-
tors are not producing sufficient electricity. If more energy is produced than is
consumed, the batteries can be charged again.

The capacity, nominal power and battery type must be taken into consideration
when designing the batteries (see Section 3.4, page 14).

Battery inverter As a voltage source, the battery inverter (e.g Sunny Island) forms the stand-alone
grid. The battery inverter regulates the balance between the energy that is gener-
ated and the energy that is used and incorporates a battery, PV array and load
management system (see Section 2.1, page 8).

DC fuse The external DC fuse protects the battery connection lines of the battery inverter.
Furthermore, the DC fuse enables DC-side disconnection of the battery inverter.

Generators Fuel powered generators (e.g. diesel generators) are often installed to supple-
ment the energy supply when the state of charge of the batteries drops and there
is insufficient energy being supplied by the PV array. These generators supply al-
ternating current directly.

Wind turbine systems Wind turbine systems convert wind energy into electrical energy and supply alter-
nating current directly.

Hydroelectric power plants Hydroelectric power plants use the kinetic energy of water to produce electrical
energy. The hydroelectric power plant generators supply alternating current di-
rectly or are equipped with inverters to convert direct current into alternating cur-
rent.

Off-grid systems can supply individual houses, settlements or even entire villages with electricity.

4 OffGrid-System-PL-en-27 Planning Guidelines



SMA Solar Technology AG 1 Off-Grid Energy Supply

Various underlying conditions have to be taken into consideration when planning, designing and selecting an off-grid
system. The optimum design of an electricity supply system depends on the following factors:

* Necessary connected rating
e Energy consumption

* Type of loads

* Utilization period

* Underlying meteorological conditions

1.3  Off-Grid System Types
1.3.1 AC Coupled Off-Grid Systems
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Figure 1: Example of an AC coupled system

In an AC coupled system, all loads and energy sources are coupled via an alternating current grid. The advantage
here is that the off-grid system can be built and expanded flexibly with modular standardized components.

Depending on the application and availability, both renewable and conventional energy sources can be integrated.
The connected energy sources charge the batteries and supply energy when necessary. Connection to the utility grid is
possible, provided that the battery inverter and the combustion equipment are designed for this. AC coupled off-grid
systems can be easily expanded with additional energy sources. Thus, they are able to satisfy increasing energy
demands.

AC coupled off-grid systems can be used to supply conventional alternating current loads. They are therefore ideally
suited for use in rural areas in developing- and newly industrialized countries, but also in industrialized countries in
regions where a utility grid is not available.

The battery inverter connected to the battery, e.g. a Sunny Island inverter, forms the AC current grid.

In the medium-power range (1 kW to 300 kW), off-grid systems with a battery-storage system are significantly more
attractive from an economic point of view than systems that are only equipped with generators. This is due to the high
maintenance requirements, the short service life and the very low partial load efficiency of generators.

Planning Guidelines OffGrid-System-PL-en-27 5
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1.3.2 DC Coupled Off-Grid Systems

4
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Figure 2: Example of a DC coupled system

In a DC coupled system, all energy sources are coupled via direct current. The PV array is integrated via special DC/
DC charge controllers. During the day, the battery stores energy generated by the PV array. This stored energy is then
available in the evening for operating the lighting.

DC coupling is suitable for simple system constellations and is beneficial in cases where the electricity supply is
primarily used to operate lighting. An example of this application is the Solar Home System (SHS) with a power range
of a few hundred watts.

Alternating current loads in a DC coupled off-grid system can only be operated via an additional small inverter.
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1.3.3 Hybrid AC and DC Coupled Off-Grid Systems
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Figure 3: Example of a hybrid system with AC and DC coupling

Hybrid systems with AC and DC coupling are particularly well suited for coupling alternating current loads in the
medium power range with DC energy sources. In hybrid systems, the battery can be charged via a generator at the
same time. Hybrid systems are suited to supplying remote loads and satisfy higher energy demands. Accordingly,
hybrid systems are used in ranches, smaller factories and on farms.

When designing the system, it must be ensured that the nominal power of the inverter is sufficient to supply the power
to be consumed by the intended loads. Even if there is more power available from a PV system or wind turbine system,
the inverter is the decisive factor in how much power is available on the AC side. The design of hybrid systems is much
more complex than the design of purely AC coupled systems.

Planning Guidelines OffGrid-System-PL-en-27 7
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2 Off-Grid System with Sunny Island
2.1  Working Principle of the Sunny Island Inverter

The Sunny Island is a battery inverter that is connected directly to a battery-storage system. The Sunny Island forms the
alternating current grid of the off-grid system and at the same time regulates the voltage and frequency in the
alternating current grid.

Both electrical loads and energy generators are connected directly to the alternating current grid. Energy generators,
e.g. PV inverters, feed into the alternating current grid of the off-grid system and thus supply the electrical loads.

The Sunny Island regulates the balance between the energy fed in and energy used and features a management
system that manages the battery, generators and loads. If there is excess energy available (e.g. high solar irradiation
and low consumption), the Sunny Island redirects energy from the alternating current grid and uses this to charge the
battery. If there is insufficient energy available (low or no solar irradiation and high consumption), the Sunny Island
supplies the alternating current grid with energy from the batteries.

The Sunny Island automatically checks the availability of the alternating current grid and system components.
Therefore, additional control- and monitoring units are not necessary. This simplifies system operation and reduces
capital expenditure.

2.2  Advantages of the Sunny Island Inverter
* Ideal for energy supply systems from 1 kW to > 300 kW
* Flexible configuration as a single system, single-phase parallel system or three-phase system
* Multicluster technology - combination of three-phase systems for the simple formation of a powerful energy
supply.
* Expandable thanks to modular design
* Excellent overload characteristics
* Suitable for installation in extreme climate conditions
* Optimized battery management and state of charge monitoring for long lead-acid battery battery lives

* Compatible with many lithium-ion batteries (see technical information “List of Approved Batteries” at
www.SMA-Solar.com)

* Costefficient integration of alternating current loads, regenerative energy sources and generators
* Simple off-grid system commissioning
* Clear remote visualization

* Remote parameterization possible via Sunny Portal powered by ennexOS from Sunny Island firmware version
3.30.12.R

8 OffGrid-System-PL-en-27 Planning Guidelines
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2.3  Modular Design
2.3.1 Single System

PV INVERTER
3 GENERATOR
3 D
3 3
LOADS

7? AC cable 3-wire

DC cable
Figure 4: Principle of a single system

In a single system, one Sunny Island forms a single-phase stand-alone grid.

2.3.2 Single-Cluster System (Single-Phase)

E] Required device types for single-phase single-cluster systems
In single-phase single-cluster systems, the Sunny Island inverters must be of the same device type (see Section 6.6,
page 50). S| 4.4M devices cannot be used in single-phase single-cluster systems.

PV INVERTER
GENERATOR
3
3 3 3 3 3 3
LOADS
BATTERY
734 AC cable 3-wire
m= DC cable

Figure 5: Principle of a single-phase single-cluster system
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In a single-phase single-cluster system, up to 3 Sunny Island inverters are connected to one battery forming a cluster.
The Sunny Island inverters are connected on the AC side to the same line conductor.

2.3.3 Single-Cluster System (Three-Phase)

PV INVERTER

GENERATOR

111
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Figure 6: Principle of a three-phase single-cluster system

In a three-phase single-cluster system, up to 3 Sunny Island inverters are connected to one battery forming a cluster.
On the AC side, the Sunny Island inverters are connected to 3 different line conductors. All device types must be the
same (see Section 6.6, page 50).

2.3.4 Multicluster System

PV INVERTER MULTICLUSTER BOX GENERATOR

| ~— Hll
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3 3
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e o o ()
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756 AC cable 5-wire
Main Cluster Extension Cluster DC cable

Figure 7: Principle of a multicluster system
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Multicluster systems consist of several three-phase clusters. The individual clusters must be connected to a Multicluster-
Box. The Multicluster-Box is a feature of the SMA multicluster technology for off-grid systems and battery-backup
systems.

The Multicluster-Box is a main AC distribution board to which up to twelve clusters can be connected. Only device
types with the same output power may be installed in a cluster (see Section 6.6, page 50).

[i] The device type SI4.4M must not be used in multicluster systems.

Planning Guidelines OffGrid-System-PL-en-27 11
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3 Designing an Off-Grid System

3.1 Procedure

It is fundamentally important for the economic viability and operational reliability of an off-grid system that it is
designed based on demand. Aligning an off-grid system to the availability of PV energy as determined by geographic
conditions as well as to the the energy behavior of the system user are both important components of the design.

As much information regarding an off-grid system is to be gathered as possible in order to facilitate an optimum
design. It is imperative that information be gathered regarding the following:

* Intended purpose of the planned system

* Loads and utilization times

* Geographic characteristics of the planned installation site

* Possible energy generators

* Solar fraction (SF): Amount of PV energy as a proportion of the total energy supply in an off-grid system
* Battery bridging time

An initial design can be drawn up using the data gathered here which can provide information on the magnitude, the
suitable energy suppliers and components.

The following sections describe the procedure for designing an off-grid system and build in part on one another.
Following the sequence of the individual sections is recommended (for an example of designing an off-grid system, see
(see Section 4, page 22)).

You can use the planning tools provided by SMA Solar Technology AG as a support aid:
e Off-Grid Questionnaire (see www.SMA-Solar.com)

* Sunny Design (see www.SMA-Solar.com)

3.2  Estimating the Electrical Loads

The power and energy consumption of the loads is of significant importance in off-grid systems. The main questions to
be answered here are:

* Which electrical loads are to be supplied by the off-grid system?
* How high will the energy consumption be per year or per day?
* What will be the maximum power in a day?

For orientation purposes, the following table gives an overview of popular loads, their power and their typical
operating times per day.

Electrical loads Nominal power Typical operating Energy consumption
time per day per day

Air conditioner 3000 W 2h 6 kWh

Dryer 1000 W 4h 4 kWh

Washing machine 2000 W 1h 2 kWh

Cooker (hob and oven) 2300 W 0.75h 1.7 kWh

Dishwasher 1300 W 1h 1.3 kWh

Water pump 200 W 3h 0.6 kWh

Computer 250 W 2h 0.5 kWh

Freezer 200 L 100 W 5h 0.5 kWh

12 OffGrid-System-PL-en-27 Planning Guidelines
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SMA Solar Technology AG 3 Designing an Off-Grid System

Electrical loads Nominal power Typical operating Energy consumption
time per day per day
Kettle 1800 W 0.25h 0.45 kWh
Refrigerator 0 W 5h 0.45 kWh
Vacuum cleaner 1800 W 0.25h 0.43 kWh
Television 100 W 4 h 0.4 kWh
(screen size 28")
Microwave oven 1200 W 0.25h 0.3 kWh
Toaster 1200 W 0.25h 0.3 kWh
Hairdryer 1000 W 0.25h 0.25 kWh
Iron 1000 W 0.25h 0.24 kWh
Printer 100 W 2 h 0.2 kWh
Amplifier 100 W 2h 0.2 kWh
Heating circulation pump 70 W 2 h 0.14 kWh
Energy saving lamp 15W 4h 0.06 kWh
Satellite receiver 18 W 3h 0.054 kWh
Mixer 200 W 0.25h 0.05 kWh
DVD player 15W 2h 0.03 kWh
Sewing machine 80 W 0.25h 0.02 kWh
Radio 5W 3h 0.015 kWh
Shaver 15W 0.25h 0.0038 kWh

3.3  Sunny Island and Multicluster-Box Design

3.3.1 Recommendations on the Selection of Sunny Island / Multicluster-Box

The following information is necessary in order to determine the number of Sunny Island devices necessary in single-
phase systems:

max)

* Maximum power drawn by the loads per day (P

* Power of the Sunny Island inverter for 30 minutes at 25°C (P 5, )

Calculation:

Number of inverters Sunny Island = P_,, : P, .

Information on three-phase systems

The number of devices necessary in three-phase systems can be determined using the same method as that specified
for single-phase systems. The result must, however, be rounded up to the next highest number that is divisible by three.
This ensures that the inverters can be distributed symmetrically across the line conductors (see Section 3.3.2,

page 14). Loads and generators must be distributed evenly over the 3 line conductors.

Planning Guidelines OffGrid-System-PL-en-27 13
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3.3.2

SMA Solar Technology AG

Sunny Island Inverter Selection

E] Power-temperature curve

The active power specified for the Sunny Island is dependent on the ambient temperature (see the Sunny Island
inverter datasheet for the power to temperature ratio). If constantly high ambient temperatures are to be expected
at the planned installation site, a Sunny Island with a higher rated power than is necessary for the load
requirements should be selected.

Device type Rated power Power for Application

30 minutes . .

at 25°C Single  Single-phase Three-phase  Multicluster

System  single-cluster single-cluster system
system system

Sl4.4M-12 / 3300 W 4400 W yes no yes no
SI4.4M-13
(Sunny Island 4.4M)
SI6.0H-12 / 4600 W 6000 W yes yes yes yes
SI6.0H-13
(Sunny Island 6.0H)
SI8.0H-12 / 6000 W 8000 W yes yes yes yes
SI8.0H-13

(Sunny Island 8.0H)

3.3.3  Multicluster-Box Selection
Device type Rated power Number of inverters
MC-BOX-6.3-11 55 kW o)
(Multicluster-Box 6)
MC-BOX-12.3-20 138 kW 12
(Multicluster-Box 12)
MC-BOX-36.3-11 300 kW 36
(Multicluster-Box 36)
3.4  Battery-Storage System Design

Number of clusters

2

12

The battery capacity necessary, the battery voltage and the suitable battery type are decisive factors when selecting

the battery.

Battery capacity

The starting point when selecting a battery is the necessary battery capacity. The necessary battery capacity depends

primarily on the following factors:

* Bridging time

The bridging time is the time period, in days, for which the off-grid system can supply the loads exclusively from
the battery. For off-grid systems with generators, a bridging time of 1 day should be expected.

* Energy consumption per year (E,...)

The energy consumption in the off-grid system to be expected per year is dependent on the loads installed and
their energy requirements (see Section 3.2, page 12).

* Average battery efficiency during electric discharge (ns.)

For off-grid systems, the average battery efficiency when discharging is approximately 0.9.

14 OffGrid-System-PL-en-27
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SMA Solar Technology AG 3 Designing an Off-Grid System

The battery capacity is normally specified in kWh or Ah.
Calculation:

Anno

Bridging Time - T

Usable battery capacity [kWh] = —

1000

Nominal battery voltage

Usable battery capacity [Ah] = Battery capacity [kWh] -

E] Observe the usable battery capacity

In order to achieve the longest possible battery service life, only the usable range of the battery should be used
for charging and discharging. The battery capacity calculated here is based on this usable range. With lead-acid
batteries, a usable range of approximately 50% of the nominal capacity is typical, with that of lithium-ion batteries
being approximately 80% (see battery manufacturer documentation). If the battery manufacturer specifies a depth
of discharge of 100%, SMA recommends for safety reasons that a depth of discharge of only 90% be expected.

E] Observe standard sizes

Batteries are not available in all sizes. Battery manufacturers offer standard sizes. Selecting the next highest
standard size is to be recommended. Observe the usable battery capacity when selecting.

E] Not the minimum battery size

Minimum battery capacity in terms of lead-acid batteries: 100 Ah per installed kWp of a PV system
Minimum battery capacity in terms of lithium-ion batteries: 50 Ah per installed kWp of a PV system

E] Lithium-ion batteries in off-grid systems

In order to meet the requirements of off-grid applications, the Sunny Island has a high overload capacity. To be
able to use this overload capacity, the output powers and output currents must be taken into consideration when
selecting the battery. Clarify whether the battery can supply these currents. Note the list of approved batteries
(see Technical Information) and the data sheets as well as the minimum configuration list of the manufacturer, if
applicable.

Nominal battery voltage

All Sunny Island devices use batteries with a nominal voltage of 48°V.

Battery type
The Sunny Island is compatible with the following battery types:

¢ lead-acid batteries

The battery room must be ventilated in accordance with the battery manufacturer specifications and with the
locally applicable standards and directives (see battery manufacturer documentation).

Lead-acid batteries of the designs VRLA and FLA are used with Sunny Island devices.
* Lithium-ion battery
If connecting a lithium-ion battery, the following must be observed:
- The battery must comply with the locally applicable standards and directives and must be intrinsically safe.

- The lithium-ion battery must be approved for use with the Sunny Island. The list of lithium-ion batteries
approved for the Sunny Island is updated regularly (see the technical information “List of Approved Batteries”
at www.SMA-Solar.com).

- If none of the lithium-ion batteries approved for use with the Sunny Island can be used, lead-acid batteries
must be used.

Planning Guidelines OffGrid-System-PL-en-27 15
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3 Designing an Off-Grid System SMA Solar Technology AG

DC fuse

The external DC fuse protects the battery connection lines of the battery inverter. Furthermore, the DC fuse enables DC-
side disconnection of the battery inverter.

A DC fuse must always be installed between the battery and the Sunny Island. SMA Solar Technology AG
recommends the use of a DC fuse specially aligned for use with the Sunny Island from
enwitec electronic GmbH & Co.KG.

The fuse links in the DC fuse must also be aligned for the Sunny Island (see Sunny Island battery inverter installation
manual).

3.5 PV System Design

3.5.1 Estimation of the Nominal PV System Power

Influencing factors
The nominal PV system power depends on the following factors:
* Energy consumption per year (E,...)
* System efficiency (n;,)
The system efficiency is approx. 0.7.
* Solar fraction (SF): Amount of PV energy as a proportion of the total energy supply in an off-grid system
The solar fraction depends on the amount of PV energy typically available at the installation site.
* Specific PV energy yield (E;y)
The specific energy yield depends on the amount of energy typically available at the installation site and on the

nominal PV system power.

Energy yield from PV energy and reasonable proportion of PV energy in the off-grid system:

Region (examples) Specific energy yield per year”  Solar fraction of the energy sup-
ply
Germany 800 kWh / (kWp x a) to 50% to 70%
900 kWh / (kWp x a)
Southern Europe 1300 kWh / (kWp x a) to 60% to 90%
1450 kWh / (kWp * a)
North Africa, South Africa or South 1450 kWh / (kWp x a) to 60% to 100%
America 1700 kWh / (kWp x q)
Saudi Arabia 1800 kWh / (kWp x q) 60% to 100%

Calculation:
An approximation of the nominal PV system power can be calculated using the above listed values.

1. SF
r]Sys EPV

PP\/ = ‘Anno °

Information on design
The design of the PV array and selection of the PV inverter is based on the required nominal PV system power.

* The nominal PV system power results from the rated powers of the PV inverter used (see Section 3.5.2,
page 17).

1) Example: 1000 kWh / (kWp x a) corresponds to a specific energy yield of 1000 kWh in 1 year per
1 kWp of installed nominal PV system power.
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3 Designing an Off-Grid System

* In off-grid systems, the nominal PV system power may not be more than double the total nominal AC power of the

Sunny Islands inverters (see Section 3.3, page 13).

* When using lead-acid batteries, the battery capacity per installed kWp of the PV array must be at least 100 Ah.
Example: The minimum battery capacity is 500 Ah in case of a PV array with 5 kWp (see Section 3.4, page 14).

* When using lithium-ion batteries, the battery capacity per installed kWp of the PV array must be at least 50 Ah.

Example: The minimum battery capacity is 250 Ah in case of a PV array with 5 kWp (see Section 3.4, page 14).

3.5.2 Selecting the PV Inverter

You can install the following PV inverters in off-grid systems. The PV inverters must be equipped with the firmware

version stated in the table or higher. If this is not the case, perform a firmware update (see PV inverter documentation).

PV inverter

Sunny Boy (SB)
SB1.5-1VL-40 / SB2.0-1VL-40 / SB2.5-1VL-40
SB3.0-TAV-40 / SB3.6-1AV-40 / SB4.0-1AV-40 / SB5.0-1AV-40

SB3.0-1AV-41 / SB3.6-1AV-41 / SB4.0-1AV-41 / SB5.0-1AV-41 /
SB6.0-1AV-41

SB 3000TL-20 / SB 4000TL-20 / SB 5000TL-20

SB 3000TL-21 / SB 3600TL-21 / SB 4000TL-21 / SB 5000TL-21 /
SB 6000TL-21

Sunny Tripower (STP)

STP3.0-3AV-40 / STP4.0-3AV-40 / STP5.0-3AV-40 /
STP6.0-3AV-40 / STP8.0-3AV-40 / STP10.0-3AV-40

STP 8000TL-10 / 10000TL-10 / 12000TL-10 / 15000-TL-10 /
12000TL-10

STP 5000TL-20/STP 6000TL-20/STP 7000TL-20/STP 8000TL-20/
STP 9000TL-20/STP 10000TL-20/STP 12000TL-20

STP 15000TL-30 / STP 20000TL-30 / STP 25000TL-30
STP 50-40 / STP 50-41

STP 12-50 / STP 15-50 / STP 20-50 / STP 25-50
Sunny Highpower (SHP)

SHP 100-20

SHP 100-21

Maximum PV system power

from firmware ver- Information

sion

2.05.01R
1.2.18R
1.2.18.R

2.51.02R
2.60.03.R

2.13.07R

2.22.17R

2.50.01.R

2.83.03.R
1.1.19R
1.10.12R

3.10.04.R
4.02.02.R

2)

2)

2)

2)

2)

2)

2)

2)

In off-grid systems, the maximum PV system power depends on the total power of the Sunny Island inverters.

*  Maximum output power of the PV system per SI4.4M: 4600 W
* Maximum output power of the PV system per SI6.0H: 9200 W

2) Can only be used in three-phase off-grid systems

Planning Guidelines
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3 Designing an Off-Grid System SMA Solar Technology AG

* Maximum output power of the PV system per SI8.0H: 12000 W

The maximum output power of the PV system must be observed to ensure stable operation of the off-grid system.

Configuration of Stand-Alone Mode

All mentioned inverters can be configurated for the stand-alone mode. To do this, there must be selected a country
data set valid for the stand-alone mode or a valid set country standard (see the PV inverter documentation).

3.6 Generator Design

The nominal power of the generator(s) should be approximately 80% to 120% of the total nominal power of the
planned battery inverter. Preferentially, this value should be below 100%; this ensures that the utilization of the
generators will always be optimal. This will ensure a long service life as well as good utilization of the fuel, e.g. the
diesel.

3.7  Estimating the PV System Costs

Using the rough design laid out here, an initial estimation of the PV system costs can be calculated. The costs in the
estimation shown here comprise of:

* Battery inverter costs

* Battery-storage system and DC fuse costs
* PV system costs (modules and PV inverter)
e Generator costs

* Mounting and installation costs

Due to the variety of options for the systems, not all possible positions can be taken into consideration. Additional
positions can be taken into consideration in a more specific calculation.

3.8  Planning Tools

3.8.1 Data Gathering with the Off-Grid Questionnaire

The SMA Solar Technology AG Off-Grid Questionnaire enables the systematic gathering of all information that is
necessary for designing an off-grid system (download available at www.SMA-Solar.com). The Off-Grid Questionnaire
can be used as preparation for designing the PV system later.

3.8.2 PV System Design with Sunny Design

Sunny Design is a software package for planning and designing PV systems and PV hybrid systems. Sunny Design
provides you with recommendations on possible designs for your PV system or your off-grid system.

The print version of the Sunny Design user manual can be found in the download area at https://www.sma.de/
service/downloads.html.

The online version Sunny Design Web can only be used via the internet (www.SunnyDesignWeb.com).

After registration in Sunny Design Web, different PV systems can be calculated and saved for further calculations or
adjustments.

We will show you the design of an off-grid system in the following example:

. .
1. On the home page under Projects > New, select Off-grid SCRRF R | e
. a
system as new project.
Prjets < Welcome:
From your personal homepage you can access your projects, templates, and settings.
NEW PROJECT PROJECTS
o PVsystem
B Design a PV system that feeds all power produced =~
== to the grid
& PV system with self-consumption
B Desin P ssteith sekFoonsumptin +
% Off-grid system It
T Design PV system without grid connection
s PV hybrid system +

Design PV system with electric generators
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SMA Solar Technology AG 3 Designing an Off-Grid System

2. Enter the project data such as Project name, Location of the
building and Electrical connection of the system in the
Project data menu.

Once all required data have been entered, select [Define load
profile].

3. In the Load profile menu, the load profile must be defined.
On the YouTube channel by SMA Solar Technology there are videos in German and English that exactly describe
how you can define a load profile with Sunny Design.
In addition, there are also predefined load profiles to choose from.
After entering the data, click on [Configuration of the PV system].

4. In the PV system menu, first configure the PV arrays. These can be defined visually depending on the roof or
manually.
When you select Manual planning, you can enter the PV array power manually or have it calculated
automatically via the System assistant of the program.

5. When you select [Calculate system proposal], the system System assisant %
assistant calculates a proposal which you can edit and accept.  serercar susrcon
Information: This calculation should definitely be verified. el o e e R ol

Technical requirements

[] esign based on the worst month

Nominal power x. DC power inverter / peak power

< 100 > |%

Autonomous time < 3 > [kw

< 2 > [h@5d)

Battery < 60 >|%

Lead

Calaulate system proposal

M The system assistant also calculates the size and power of battery and photovoltaics as well as their inverters.

syser

6. To verify the calculation made by the system assistant, either
select [Battery system configuration] or Battery system in the
menu bar.

Editsystem section

‘-a

7. If a diesel generator is present, this can be adjusted in the Genset menu. The automatically calculated size of the
generator (kVA), should be verified by you.

8. To calculate the cable cross-sections either select [Cable sizing] or Cables in the menu bar.

In the menu Analyses of the energy and power in the system, energy and power of the PV system are
displayed in an overview as well as in a simulation of how these values are distributed within the system and
which energy sources the system supplies. The solar irradiation different by the month is shown in the annual
distribution forecast.
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Analyses of the energy and power in the system (2

‘You will receive an analysis of the energy flows and the power distribution in the system here.

Power

o System compatible

System proposal

Nominal AC power PV inverters 3.7 kw
Nominal AC power storage system 6 kW
Nominal AC power genset 6 kw
Excess power 0 kw
Energy deficit 0 kwh
Nominal AC power PV inverters / storage system 0.61
Nominal AC power genset | storage system 1
Usable storage capacity 6.8 kWh
Autonomous time 12h
Average annual solar fraction 37.6 %

Energy

Energy distribution

4,028 2,557
wh = | OES | = wh

Solar fraction

SMA Solar Technology AG

Pal
~
Nominal AC power PV inverters | storage system: 0.61
w
 _____________________________________________ |
i) 2
Nominal AC power genset | storage system: 1
w
]
0.8 1.2
Usable storage capacity: 6.8 kwh (12 h)
6.8 kwh (12 h)
-~
Details
Annuzl energy consumption 4,500 kwh
Max. available PV energy 4,007 kwh
Used PV energy 2,242 kwh
Directly consumed PV energy 1,449 kwh
Intermediately stored PV energy 793 kwh
Annuzl nominal energy throughputs of the 294
battery
Annuzl energy generation of the genset 3,728 kiwh
Annuzl fuel consumption 1,256 |
Average annual solar fraction 376 %
¥

The solar energy flows per month are represented in this stack diagram. The solar fraction is the combined share of diractly consumed and intermediately stored PV energy.

100 %

Solar fraction

1 2 3 % 5 6 7 B El 10

Honth

M 7V direct consumption [l PV intermediate storage

11

12

™ In the Results menu all information on your PV system is compiled:
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This overview shows the enfries, results and current information on the design of the system. Check the information before creating the project documentation,

SMA Solar Technology AG
Results (3
Project New project
Location Sonnenzllee 1, 34266 Niestetzl, Germany

Project information

PV system

Total number of PV modules 17

Peak power 4.08 kWp
Number of PV inverters 1

Nominal AC power of the PV inverters 3.68 kw

AC active power 3.68 kw
Active power ratio 90.2 %

Max. available PV energy 4,007 kWh
Energy usability factor 959.5 9%
Spec. energy yield 282 kwh/kwp
Line losses (in % of PV energy) -
Unbalanced load 3.68 kvA
Used PV energy 3,575.94 kwh
Used PV share 89.2 %

PV share of the energy supply (during the day) 1676 %
Average annual solar fraction 65.4 %

System overview

Customer
Address

Storage system
Number of battery inverters
Nominal AC power

30 minute peak AC power of the Sunny Island

Batteries
Total nominal capacity
Usable storage capacity

Annual nominal energy throughputs of the
battery

Intermediately stored PV energy

Genset

Apparent power

Active power

Annual energy generation of the genset
Annual fuel consumption

Average energy efficiency

Azimuth angle: 0 °, Tilt angle: 30 °, Mounting type: Roof, Peak power: 4.08 kwp

PV arrays: 17 x .SMA SMA Demo Poly 240W (PV array 1)
Upload images y

PV inverter: ‘ 1x SB3.6-1AV-41
Battery inverter: | 1x Sunny Island 6.0H
Batteries: 1% Lead (54.8 kWwh)

1

4.60 kW
6.00 kw
Lead
54.79 kwh
27.40 kwh
70

2,127 kwh

6.00 kva
4.80 kw
1,892.95 kwh
5181

You can find further information on the design of off-grid system with Sunny Design Web in a tutorial on the YouTube

channel of SMA Solar Technology AG.

A user manual specifically for the Sunny Design software can be downloaded in our download area at https://

portals.sma.de.
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4 Example of a Design of an Off-Grid System without Software SMA Solar Technology AG

4 Example of a Design of an Off-Grid System without Software

Initial values and necessary information

The following example describes designing an off-grid system in North Africa and serves as orientation and a starting
point for in-depth system planning.

The following initial values have been specified:
* The energy requirements of the electrical loads is approximately 4500 kWh/year (see Section 3.2, page 12).
* The maximum power needed per day by the loads is 5 kW.
* The bridging time of the off-grid system is to be 2 days.
* The off-grid system is to be single-phase.
* One generator is to be installed to support the energy supply when the PV power available is low.
The following information is needed:
* How many Sunny Island inverters are to be installed?
* What is the battery capacity to be?
* Which PV inverters are to be installed and how many?

* What is the nominal power of the generator to be?

Step 1: Determining the number of Sunny Island inverters necessary
In this example, the Sunny Island 6.0H is to be installed (see Section 3.3.2, page 14).

Number of inverters Sunny Island = P_,, : P, .
Number of Inverters Sunny Island = 5 kW : 6 kW = 0.8

The result must be rounded up. Therefore, in this example 1 Sunny Island 6.0H is necessary.

Step 2: Determining usable battery capacity

The average system efficiency when discharging the battery is made up of the Sunny Island inverter efficiency and the
battery efficiency. A good empirical value is the factor 0.9.

Anno

Bridaing Time -
ridging Time Tor

Usable battery capacity [kWh] = mn

1000

Nominal battery voltage

Usable battery capacity [Ah] = Battery capacity [kWh] -

4500 kWh
1 day - 365
Usable battery capacity [kWh] = 09 = 13.7 kWh
. ~ 1000
Usable battery capacity [Ah] = 13.7 kWh - gy 285 Ah

In this example, the usable battery capacity is 13.7 kWh or 285 Ah.

In this example, for lead-acid batteries, the total or gross battery capacity would be 13.7 kWh / 50 % = 27.4 kWh or
570 Ah; for lithium-ion batteries it would be 13.7 kWh / 80 % = 17.125 kWh or 357 Ah.

[i] Note the temperature limits of the manufacturer

The temperature has impact on the usable battery capacity.

* Read the documentation of the battery manufacturer.
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SMA Solar Technology AG 4 Example of a Design of an Off-Grid System without Software

Based on the necessary battery capacity and the usable range of the nominal capacity, the battery to be used in the
off-grid system can be selected (see Section 3.4, page 14).

Step 3: Determining the nominal PV system power

The off-grid system is to be installed in North Africa. This furnishes us with additional initial values to be used in the
following calculation:

* Itis recommended to accept the specific energy yield with 1450 kWh per year and per kWp of the nominal PV
system power.

* Itis recommended to accept the proportion of the PV energy of the energy supply of an off-grid system with 70%.

1 SE
r]Sys EPV

PPV = Anno °

1 70%
0.7 1450 kWh/(kWp - a)

P, = 4500 kWh/a - =3.10 kWp

In this example, the nominal PV system power is 3.1 kWp. This means that a PV inverter with a rated power of at least
3100 W must be used in this system. The maximum rated power of the PV inverter is based on the selected
Sunny Island. In the present example, the rated power can therefore be up to 9200 W (see Section 3.5.2, page 17).

A suitable design for the PV modules and the PV inverter as well as the correct cabling can be calculated simply using
Sunny Design (see Section 3.8.2, page 18).

Step 4: Determining the nominal power of the generator

The nominal power of the Sunny Island inverter is 4600 W. This means that the nominal power of the generator should
be between 3680 W (80%) and 5520 W (120%). In order that the generator is ideally utilized, a nominal power of
less than 4600 W (100%) is recommended (see Section 3.6, page 18).

Planning Guidelines OffGrid-System-PL-en-27 23
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5 Visualization in Sunny Portal powered by ennexOS

For off-grid and remote PV systems, having the option of remote visualization and parameterization of the PV system
parameters, PV performance, PV production and battery state of charge, diesel fill level, etc. is of great importance.
Off-grid systems by SMA offer this functionality together with the Data Manager M or Data Manager M Lite via the
Sunny Portal powered by ennexOS.

SUNNY PORTAL
powerod by onnex05 .

SUNNY PORTAL ‘g

Dashbeoard
INFORMATION STATUS > ENERGY BALANCE > PERFORMANCE RATIO BATTERY HISTORY >
] O PV Inverter 1 West e 0.02
= N Akwe @ PV Inverter 3 Fast/Cnre Yedaics :
i @ PV Inverter 2 North
© PV inverter 4 South 0 039
155.52 kwh Q@ Data Manager fost 30 days
v Narminl batery capay 234 134
w w
Aoy BATTERY > WEATHER
s 2NN | T sk
& 15:c
,,,,,, Hy i
s Of-Grid ) _ | L]
Operaiing mode Generation Consumption 2, 16:cl1d-c Cloudy Corrantyecr
& Tomarrow
@ ENERGY AND POWER - PV > GRID MANAGEMENT SERVICES COz AVOIDANCE
7,490.00Wh
AS Active power limitation 51
ioday
Somere 100+, ‘
curenty 69.2;
Total
6837 kWh 100.00 kw' 100 %
“I""I SOLAR IRRADIATION
o ey Current month
27.72 MWh ~,
234 W I II mibarigs ’-:9\ 979 wm:
- 0.00kW A 0% -
j— » 24h rT——
WIND SPEED MODULE TEMPERATURE AMBIENT TEMPERATURE Reactive power setpoint
uuuuuu off 0
current,
|(l> 9740/ wberom n 30:c K
Wind spesd \ Module temperature 100,00 ke | | 100%

Figure 8: Sunny Portal powered by ennexOS, dashboard

In the Monitoring > Energy balance menu, you can choose from different diagrams.

If you select Energy bar on the right in the drop-down menu, a clear graphic of the energy flow of the system as well
as the aggregated state of charge of all Sunny Island clusters is shown:

Energy balance

Day el o
Q [ i
® ¢ | 197082022 () | Energy flow v
W G 100
e e el
e
=
< &
£ 3 3
e o k]
i | i
12.00 PM S
2
i
15 Siacharge banary
Gonaraton 027 kW
20 100
1.0 00 0AM 0S0DAM OSCOAM GS00AM O700AM 080 0.0 DOAM 11004 o 32X 0s00PM 0500 cscom 0700 00 o
~ Details

Total consumprion 65.48 kwh fal generation 71.42 kwh
Discharge battery 31.57 kwh harge bettery 37.51 kwh
Direct cansumption 33.91 kwh

Figure 9: Representation of the energy flows in the energy balance menu
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If you select Energy sources on the right in the drop-down menu, the different energy sources are shown:

Energy balance

Day Wad nth ea Total

2 03.40 PM

[*

tiery state of charge

H
fa2%

s Discharge barery
—_‘&\ 0.00 kW

Direct consumgiion

Fovear (K]

Bathry stk afcharge %]

292 kW

15 PV gsnsrofion

4.69kw

A O200AM 03.00AM O400AM OSCOAM COO00AM O7O0AM  08.00AM

0400PM  0500PM  0GCOPM O7COPM  0B.00PM  OF00PM  1000PM  11.007M

Energy generan

Wt T000AM  11.00AM wzcc-l

~ Details

| e ®

Toral censumprion 45.48 kwh sevkw sration 71.42 kwh
Dischargs battery 31.57 kwh PV gensration 35.86 kwh
Direct consumpfion 33.91 kwh Energy generated by CHP planis35.56 kWh

Figure 10: Representation of the energy sources in the energy balance menu

In the Monitoring > Energy and power menu, all available energy and power values are shown.

The energy and power values of the batteries are shown under Monitoring > Energy and power - battery:

Energy and power - battery

Battery Overview
i Tou
43+ 24 Hours 7 Daye 30 Daye 12 Monthe 3 Yeors + 10 Months
— 33.02 kWh 217.46 kwh 625.02 kWh 5,003.89 kwh 20.39 MWh
Belenysagl chee Discharge Dischorge Discharge Discharge Dischorge
.' —— A-AesE=-=E i | it RS ====E~=-§ “ B mEm=
3,642
Crarging powe 41.28 kWh 251.69 kWh 739.64 kWh 6,340.00 kh 25.63 MWh
Charge Chorge Charge Chorge Chorge
Day = o = T
it B o . v b d EE \ & - w— e = T
o8 0% 10 1 12. 13 4 5 16 17. 18 19 20 21
L @ < | 1oroer202 1|,

Sk abchergs [4
-
Poer draven by batiry, Batiery foed n pover |4]

OLOOAM 0200AM 02.00AM (400AM O500AM CSODAM O700AM OEOOAM OP00AM  1D00AM  11.00AM  1200PM  OLOOPM OZOOFM  O3.00PM O400PM  OS00PM OG0OFM  O700PM OBODRM  OPOORM  1000PM  11.00PM

Figure 11: Energy and power values of the batteries (example)
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The energy and power values of your PV system are shown under Monitoring > Energy and power - PV:

Energy and power - PV

Current power Overview

Tet
24 Hours 7 Days 30 Days 12 Months 3 Yeors + 11 Months

45.00 kW
e A lllllll ||||||||‘||‘||||I||||||I||||I| "Iu.--.llll k=

7 minutes ogo 100.97 kwh 1,218.30 kWh

6.219.31 Kiwh 38.51 Mwh 157.27 M
Day =
il i i L | —_— — . ——— i o mn . — |
08. 09. 10. Th 12. 13, 14. 15. 16. 17 18 19. 20. 21.
0] ¢ | 1006202 )|,
100
z
j 10.55 AM
©

Figure 12: Energy and power values of the PV system (example)

The energy and power values of the diesel generator are shown under Monitoring > Energy and power - diesel.
It also possible to add a diesel generator as a virtual generator in Sunny Portal powered by ennexOS which will then

be shown in the energy balance. The associated measured data can be called up via the internal measurement of the
Sunny Island, but also via an external meter.

Energy and power - Diesel

Current power Overview
Toio
24 Heurs 7 Doys 30 Daye 12 Manths 3 Yaors+ 11 Monthe
II hl. ||| I|I|| I| Illlllllllll —mull I m
0.00 Wh 920,58 kh 5,535.23 KWh 48.49 MWh 138 45 MWh
Day T
o8 09 10 3. 12. 13 14 | 15 | 16 17 18: 19 20 21
o} < | 15082022 [ |
100
5 0
H
2
32 0
ol
OLOOAM 0Z00AM  0J00AM 400AM OS00AM  OG00AM  O700AM  CBO0AM

G00AM  OP00AM  1000AM  1100AM  1200PM  OLOOPM  D200PM  03.00PM  C400PM  OS00PM

Figure 13: Energy and power values of the diesel generator (example)
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In the menu Analysis > Analysis Pro it is possible to analyze a number of recorded AC and DC measured values as
well states, warnings and error messages of the devices (PV inverters, battery inverters, etc.):

. EE ~ Channel profile A l % P
o nalysis rFro
~  Current selection (4)
o Energy and power - PV Detailed analysis
~ All systems and devices
P a”a u I F P! B
ac QI e W A AC A §
24
Day
| Show disabled devices
@ - -
=z | = I [
) T T— MMAWkN\/f\/\//\/"\/’\\m/‘\m‘/
NI aser 26, 27, 28 29 30. 31 o1 02. 03 04 05. 06, 07 | os
@ 2.Extension Cluster 1 I o) - -
3.Extension Cluster 2 I < , Al =

4.Extension Cluster 3
5.Extension Cluster 4
6.Extension Cluster 5

7.Extension Cluster 6

Diesel Generator

Data Manager

Giid fraquancy [Hz]
Fower 1]

Generator Energy Meter

urent battery state of chorga (]

PV Inverter 1
PV Inverter 2

PV Inverter 3

PV inverter 3-01

o 0S00PM  0700PM  09.00PM 1.00#M
PV Inverter 3 - 02 -

Figure 14: Data on the Analysis Pro page (example)

E] In the menu Analysis Pro, the measured data are always shown on the device with which they were measured.
Therefore, the power of a diesel generator, for example, cannot be found among the virtual devices, but e.g.
under the main cluster or an external energy meter.

Analysis Pro offers many more options for representation and analysis, for example:

* Comparison of PV production and PV inverter production

» Comparison of battery state of charge, voltage, charging and discharging current as well as with several clusters,
the comparison of these values in various clusters

* Representation of AC frequency and voltage per line conductor

* Representation of active power, reactive power and apparent power per line conductor

* Representation of AC current per line conductor

* Representation of the energy balance of a virtually added diesel generator

* Via freely configurable analog and digital inputs, the fill level of a diesel tank can be displayed, for example.

* If you have solar irradiation, wind speed or temperature sensors installed, you can visualize and compare these
data.
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In the Event monitor area of the Analysis Pro menu, you can monitor information, warnings and error messages of
the devices:

53] Start date B B | E
Event monitor
~ Category
System/device Event type Categor Event ID Event Time Number
O ACSide ystem/ typ gory
[0 Battery
= SN 3007960939 (] Device 10010 06/21,/2022 02.06:47 AM 1
v [] bCSide
A [ Device SN 3007960939 [ ] Deviee 10010 Restart diagnosis system 06/14/2022 02.05:54 AM 1
[ External Communication
= with device currently nof passible. Device
= SN 3007016334 >0 External Communicafion 10321 06/11/2022 11.14:22 AM 1
& [] Generator
[ Grid connection
pcy " SN 3007016336 £ Device 9362 06/11/2022 11.08:48 AM 1
[[J Grid Monitoring
[J Sunny Portal SN 3007016336 S Device 0362 Battery uflization range Baffery profection range reached  06/11/2022 11.08:48 AM 1
[] System and device control <
O] Semunddistiacond SN 3007016336 > Device 9362 Batery uilizaion range Baftery reserve range reached 06/11/2022 11.08:42 AM 1
[ System communication SN 3007016336 > Device 9362 Battery ermor 06/09,/2022 08.15:00 PM 1
0O faibel
SN 3007016336 > Device 9362 Batery vilizaiion range Baffery reserve range reached 06//09/2022 08.15:00 PM 1
N
Event type SN 3007960939 o Grid Mornitoring 203 Grid undervoltage dow 06/07,/2022 0631:39 PM i
il Inf e
O @ irformaiion My device o Device 10005 System start 06/07,/2022 02.14:50 AM 1
Warning
O @ twor SN 3007960939 (] Device 10010 Restart diagnosis system 06/07/2022 02.12:21 AM 1
SN 3007016334 > Device 7613 Communicafion with mefer faulty 06/07,/2022 02.12:01 AM 1
~ Product group
SN 3007016338 > Device 7613 Communicaion vith meter fauly 06/07/2022 02.11:16 AM 1 -

[ Battery Inverter

Figure 15: Data in the area Event monitor of the Analysis Pro page (example)

In the Configuration menu, you can carry out the remote parameterization of PV systems via the Parameter page
For PV systems with Sunny Island, this is possible from firmware version 3.30.12.R.

|
; Parameter
I:l Enter group, name or channel.
Group Name Value Channel
lz
o User Rights Set installer password g Parameter Acs Pudist D)
@ User Rights Set user password Parometer.Acs.PdUse 0]
Canfigurofion Batery Current sensor gain Parameter Bat BatCurGain5 0 £
Baery Current sensor fype {60mY 50mV) e Parameter.Bat. BaiCurSnsTyp
@ Battery Battery nominal capacity 3,496 Ah Parometer. Bat. CopacRig
Boery 167,808 Wh Porometer Bat.CapacRighh
Baery Auto-calibration of the externcl battery current sensor Parameter Bat.Clb_8atCurSns
Barery Line resistance of batiery connection 0.003 Ohm Porcmeter Bat. Dekis
Battery. Menual equalizaion charge Wait Forometer.Bat. Operafion EqChaMan D
Borery Battery svitch-on limit ofter overtemp. shutdovim 350 Porometer Bat. OvTmpRstr
Barery Max. battery temperature 40°C Porometer. Bat. TmpMax
Boery Barery type Flooded lead acid bar. {FLA] PorameterBat Typ D

Many Sunny Island parameters can only be adjusted if the device is in standby mode. However, since the

Sunny Island does not provide an AC grid in standby mode, you first must ensure the stand-alone mode either via
the diesel generator or at least supply the Data Manager M and the internet router using an uninterruptible power
supply (UPS) or a DC-DC converter with power from the battery.

The Sunny Portal powered by ennexOS has many other functions such as displaying additional measuring points (e.g.
of certain loads) by means of installed energy meters. Various user rights can also be assigned as well as individual
devices monitored separately.
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6 Appendix

6.1  Accessories
The following overview provides a summary of the accessories available for your product. If required, these can be
ordered from your distributor.

Designation Brief description SMA order number

SI-SYSCAN.BGx Communication interface for communication between clusters in a SI-SYSCAN-NR
multicluster system

BAT-TEMP-SENSOR  Battery temperature sensor of the type KTY with connection line BAT-TEMP-SENSOR
(length: 10 m)

6.2  Additional Sunny Island Inverter Functions in the Off-Grid System
6.2.1 Grid- and Generator Management

6.2.1.1  Typical External Energy Sources

The Sunny Island enables switching over to the external energy source grid and disconnection from the grid. External
energy sources are voltage sources and determine the voltage and frequency of the electricity grid. Typical external
energy sources are generators and the utility grid.

Generators as an external energy source

A generator is used as an energy reserve in the off-grid system. If there is insufficient energy available for the loads
from AC sources in the stand-alone grid (e.g. PV inverter), the Sunny Island can use the energy provided by a
generator.

Possible generators Explanation

Autostart generators These generators are started and stopped with a single contact. This
means that the Sunny Island can control the generator directly.

Generators without an autostart function These generators do not have electric starting devices. These genera-
tors are started via a cable pull or a crank, for example.

Generators that can be remote-started electri- These generators have 2 control contacts: one contact for the starter
cally and do not have their own control sys-  and one contact for ignition or for preheating. An external generator
tem control device is necessary.

The utility grid as an external energy source

With the Sunny Island, you can use the utility grid in various ways:
* As an energy reserve
* As the main supplier of loads in the stand-alone grid

If the utility grid is the main supplier of the loads, then this is a battery-backup system. If the utility grid fails, the
Sunny Island disconnects the stand-alone grid from the utility grid and switches to stand-alone mode. In stand-
alone mode, the Sunny Island supplies the stand-alone grid with energy from the battery.

Generators and the utility grid as external energy sources

The utility grid and a generator can also be connected to the off-grid system in combination. This is particularly useful in
the event of long-term grid failures where the battery capacity is no longer sufficient to bridge the grid failure after a
period of time. In the event of longterm grid failures, you can switch to the generator.
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The generator and utility grid cannot feed electricity into the off-grid system at the same time. Therefore, switching
between the generator and utility grid operation must be possible. Since the Sunny Island does not have an integrated
automatic transfer switch, an external automatic transfer switch is necessary in systems with both a generator and the
utility grid connected as external energy sources.

In multicluster systems with the Multicluster-Box 12 (MC-BOX-12.3-20), for example, the Grid-Connect-Box takes on
the role of the automatic transfer switch.

6.2.1.2  Synchronization of the Stand-Alone Grid with External Energy Sources
Synchronization enables the Sunny Island to connect the stand-alone grid to the external energy source.

If external AC voltage is present at the Sunny Island, the Sunny Island synchronizes the stand-alone grid with the
external AC voltage. When the stand-alone grid is synchronized with the external energy source, the Sunny Island
closes its internal transfer relay. When the internal transfer relay is closed, the external energy source determines the
voltage and frequency in the stand-alone grid.

6.2.1.3 Interactions between External Energy Sources and the Stand-Alone Grid

External energy sources have an influence on the power control of the AC sources (e.g. on PV inverters). The

Sunny Island regulates the power output of the connected AC sources via the stand-alone grid frequency. The higher
the stand-alone grid frequency, the lower the amount of power that is fed into the stand-alone grid from the PV inverters
and the wind power inverters (see Section 6.2.3, page 31).

If you start a generator manually, the Sunny Island synchronizes the frequency of the stand-alone grid with the
frequency of the generator voltage and connects the stand-alone grid to the generator voltage. This means that the
Sunny Island can no longer use the frequency of the stand-alone grid to regulate the AC sources in the stand-alone
grid. Power regulation of the AC sources in the stand-alone grid is not possible during synchronization.

6.2.2 Load Control
6.2.2.1 Overload Capacity

The Sunny Island is optimized for both thermal- and electrical overload conditions. It adjusts the maximum power
directly to the ambient conditions.

With the patented OptiCool cooling system, SMA Solar Technology AG offers a technical solution that combines both
passive- and active cooling together. The intelligent temperature management system comprises of a two-chamber
system with a water-tight area for the electronics and an airflow-ventilated area with the relevant heat sources. This
ensures exceptional protection with extraordinary overload behavior and the greatest level of reliability.

In the event of high inrush currents, soft start functions are activated: The Sunny Island 6.0H/8.0H can supply a current
of 120 A for 60 ms. The inverter supplies overcurrent at a magnitude of 2.5 for up to 3 s. Only then - for example in
the event of a permanent short circuit - is the device disconnected for safety reasons. 16 A circuit breakers with B
characteristic are triggered within 100 ms, also satisfying the safety requirements of grid-parallel installations.

6.2.2.2 load Shedding

Load shedding prevents battery deep discharge and controls the supply of energy to the loads. Load shedding
provides the option of disconnecting specific loads from the system.

Load shedding is necessary for an off-grid system that is exclusively supplied with PV energy or wind energy.

The Sunny Island controls up to two load-shedding contactors depending on the state of charge of the battery. You
can install two types of load shedding:

* Onelevel load shedding
If the battery state of charge limit has been reached, one load-shedding contactor disconnects all loads at the
same time. Depending on the configuration, the load-shedding contactor closes when the battery has been
sufficiently charged or when the stand-alone grid has been switched to an external energy source.
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* Tworlevel load shedding
In two-level load shedding, there are two thresholds for the state of charge of the battery in order to control two
load-shedding contactors. When the first threshold for the state of charge of the battery is reached, the first load-
shedding contactor disconnects a group of loads. When the second threshold for the state of charge of the
battery is reached, the second load-shedding contactor disconnects the remaining loads.

6.2.3 Frequency Shift Power Control

If PV inverters are connected on the AC side in stand-alone mode, the Sunny Island must be able to limit their output
power. This limitation becomes necessary when, for example, the Sunny Island inverter battery is fully charged and the
PV power available from the PV system exceeds the power requirement of the connected loads.

To prevent the excess energy from overcharging the battery, the Sunny Island recognizes this situation and changes
the frequency at the AC output. This frequency change is monitored by the PV inverter. As soon as the power
frequency increases beyond the value specified in f Start Delta, the PV inverter limits its output power accordingly.

f Delta— (4.5 Hz) —+ f Start Delta (1 Hz)
100+ :
T ' f Limit Delta (2 Hz)
5 -
g 50+ i i
oo 1 1
| ! ! f Delta+ (4.5 Hz)
1 Il 1 Il 1 Il 1 Il Il : | : Il 1 Il 1 ;
T 1 T 1 T 1 T 1 1 T 1 T T T T T 1
4 -3 2 -1 0 +1  +2 43 +4
f[Hz]

Figure 16: Function of the frequency shift power control

Designation Explanation

f Base frequency of the stand-alone grid (50 Hz)

f Delta- to f Delta+ Maximum range in relation to the base frequency in which the PV inverter is active.

f Start Delta Frequency increase in relation to the base frequency, at which point the power regula-

tion via frequency begins.

f Limit Delta Frequency increase in relation to the base frequency, at which point the power regula-
tion via frequency ends.

The power of the PV inverter at this pointis O W.

If the frequency falls below the limit f Delta- or exceeds the limit f Delta+, the PV inverters disconnect from the stand-
alone grid. If a generator is operating in the stand-alone grid, the generator determines the frequency and the PV
inverters react to certain frequency changes due to the generator. With generators, the frequency of the output voltage
under load is 50 Hz. For this reason, in most cases the PV inverters will feed their entire power into the stand-alone
grid, even when the generator is in operation. If the current battery voltage is greater than the rated battery voltage
and is also to be synchronized with a generator, the Sunny Island will temporarily increase the frequency and the PV
inverters will disconnect from the stand-alone grid via frequency control (overfrequency). The Sunny Island then
synchronizes with the generator.

6.2.4 Control and Monitoring via Internal Multifunction Relay

Using 2 multifunction relays, each Sunny Island can control various functions and can display operating states and
warning messages.
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Possible function or out-
put

Control of generators

Controlling load-shedding
contactors

Time control for external
processes

Display of operating states
and warning messages

Control of a battery-room
fan

(applies to lead-acid batter-
ies)

Control of an electrolyte
pump

(applies to lead-acid batter-
ies)

Use of excess energy

6.2.5

SMA Solar Technology AG

Explanation

The multifunction relay activates if a generator request is received from the Sunny Is-
land inverter's generator management system. With the multifunction relay, you can
control generators with an electrical remote-start function or connect a signal generator
for generators with no autostart function.

The multifunction relay is activated depending on the state of charge of the battery. De-
pending on the configuration, you can install a one-level load shedding with 1 multi-
function relay or a two-level load shedding with 2 multifunction relays. You can also
adjust the thresholds for the battery state of charge to be dependent on the time of day
(see the Sunny Island inverter installation manual).

The multifunction relays can be time-controlled (see the Sunny Island inverter installa-
tion manual).

Each multifunction relay can display either one event or one warning message (see the
Sunny Island inverter installation manual).

The multifunction relay is activated when the charging current causes the lead-acid bat-
tery to emit gasses. A connected battery room fan is switched on for at least one hour
(see the Sunny Island inverter installation manual).

Depending on the nominal energy throughput, the multifunction relay is activated at
least once a day (see the Sunny Island inverter installation manual).

In off-grid systems, a multifunction relay is activated during the constant voltage phase,
and thus controls additional loads (see the Sunny Island inverter installation manual).
By switching on additional loads, any excess energy that may be available and which
would otherwise have to be dissipated can be put to good use.

Operation and User Guide

The basis of the Sunny Island inverter operation concept is the "single point of operation". All settings, switching
procedures and system variables can be summarized and thus displayed and changed on a single display.

The "single point of operation" allows for a closed system overview and enables the setting of parallel units and
connected charge controllers to be performed from one device. Information on external sources or loads can be
viewed, because all automatic switching procedures are also activated via the battery inverter. Via an internal
communication structure, all relevant information is shared between system components that support this function.

6.2.6

Data Recording and Data Storage

A major part of the internal operation menu is concerned with the history of all operating states arising. Peak values
and important information and events are stored in an internal, permanent memory. An integrated data recording
system records all measurements, calculations and evaluations. Thus, a comprehensive picture of all activities - from
charging procedures through to automatic load shedding - can be built up.

With the SMA Cluster Controller, the Sunny Island inverter data recording capabilities can be expanded simply. For
example, simple and comprehensive remote monitoring is made possible.
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6.3  Further Information on Battery Management for Lead-Acid Batteries

6.3.1 Advantages of Battery Management

The Sunny Island inverter battery management system for lead-acid batteries is based on a very accurate
determination of the state of charge. By combining the three most common methods for recording the state of charge,
the Sunny Island reaches a measuring accuracy of more than 95%. This way, battery overcharge and deep discharge
are avoided.

Another feature of the battery management system is the extremely gentle charging control. It automatically selects the
optimum charging strategy for the battery type and the situation in which it is used. This means that overcharging can
be reliably prevented and that the battery can be fully charged regularly. Use of the available charging power is
always optimized.

6.3.2 Battery State

6.3.2.1 Nominal Capacity and Battery Aging

E] Nominal capacity as specified by the battery manufacturer

The nominal capacity is specified by the battery manufacturer as being the amount of energy that can be drawn
from the battery over a specified discharging period. If, for example, a current of 20 A can be drawn from a fully
charged battery for ten hours, then this battery has a nominal capacity of 200 Ah. Because of the ten-hour
discharge duration, the specification of the nominal capacity of 200 Ah must be accompanied by the suffix C10.

In order to be able to compare the nominal capacity of different batteries meaningfully, the nominal capacity of
each battery must be based on the same discharge duration (see battery manufacturer documentation).
The usable capacity of a new battery corresponds to the nominal capacity, specified by the manufacturer, for a ten-
hour electric discharge (C10). As the battery ages, its usable capacity drops due to the following reasons:
* Calendrical aging
The usable battery capacity drops over time (even if the battery is not used).
* Cycling
The battery ages through use. This aging is mainly influenced by the depth of the discharge cycles.

Battery aging is also influenced by various other factors, e.g. by insufficient charging, excessive charging voltages,
deep discharges and temperature. With the correct choice of the battery parameters, the battery management system
can influence these factors and conserve the battery.

6.3.2.2  Current State of Charge

The battery management system displays the current state of charge of the battery (SOC) as the parameter Current
battery state of charge and the estimated error of the state of charge as the parameter Fault battery state of
charge.

The estimated error of the state of charge provides information regarding the accuracy of the currently calculated
battery state of charge. The estimated error is at its lowest immediately after a full charge or equalization charge and
then increases over time until the next completed full charge or equalization charge.

6.3.2.3  Current Usable Battery Capacity

The battery management system displays the current usable battery capacity expressed as a percentage of the
nominal capacity as the value SOH (state of health). After commissioning, the Sunny Island adopts the set nominal
capacity (Parameter Rated battery capacity) as the usable battery capacity and thus sets the state of health initially
to 100%.
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During operation, the Sunny Island learns to define the adopted state of health of 100% more and more precisely. This
learning process only works in Sunny Island systems in which the battery is operated cyclically. Furthermore, there must
also be regular idle phases during which the battery is not charged and is only operated under low electrical loads. A
low electrical load is approximately 1.5% of the nominal capacity for a ten-hour electric discharge, e.g. 150 W for a

10 kW battery. It is therefore important to regularly check the state of health, especially in the first few months after the
Sunny Island has been commissioned.

The Sunny Island is able to determine the state of health with an accuracy of £15%. To determine a more accurate
state of health, the battery capacity must be measured. For this, electrically qualified persons with special measuring
equipment must be on site, e.g. members of the battery manufacturer service staff.

Effect of the battery temperature on the current usable battery capacity

The current usable battery capacity depends on the temperature of the battery. At temperatures of 20°C and below,
the usable capacity of a battery drops significantly. The battery management system corrects the usable battery
capacity state of health by -1% per °C, starting from 20°C.

6.3.2.4  Battery Temperature

The battery management system continuously monitors the battery temperature. The Sunny Island adjusts the
specification of the current usable battery capacity and the charging voltage to the current battery temperature (see
Section 6.3.5, page 36).

The battery management system issues a warning message if one of the following events occurs:
* The battery temperature is within 5°C of the maximum permissible battery temperature.
* The battery temperature is less than -10°C.

If the maximum permissible battery temperature is exceeded, the Sunny Island switches off. As soon as the battery has
cooled down to a specified temperature, the Sunny Island restarts.

6.3.3  Charging Phases

The parameters stated can be adjusted to the values specified by the manufacturer of the installed battery.

= Constant
9:’ Constant voltage
6 current source Constant voltage phase Float charge Silent mode phase
Y
: Time

Time for boost charge Time until switchover to  Maximum duration of

of battery = 120 min energy saving mode the energy saving mode

Cell charge nominal voltage =3h =12h

for boost charge = 2.4 V Cell charge nominal

voltage for float charge
Battery full charge time = 5 h =225V
Cell charge nominal voltage for full charging = 2.4 V

Battery equalization charge time = 10 h
Cell charge nominal voltage for equalization charge = 2.4 V

Figure 17: Sunny Island inverter charging phases with sample values for an AGM battery.

The Sunny Island regulates the charging of the battery in the following three phases:
* Constant current phase (I phase / bulk phase)
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* Constant voltage phase (absorption phase / Vo phase)
* Float charge phase (V phase)

When operating on the utility grid and Silent Mode is active, there is also a silent phase.

Constant current phase

During the constant current phase, the primary task of the battery management system is to limit the current to the
maximum permissible battery current. The maximum charging current can be limited to the value specified by the
battery manufacturer by changing the parameter Max. battery charging current. The battery charging current
available is also limited by the following parameters:

* Nominal currents of the external energy sources (parameters Maximum current from public grid and Rated
generator current)

* Maximum AC charging current of the Sunny Island inverter (parameter Maximum AC battery charge current)

The first value to be reached limits the battery charging current. While the charging current is maintained within the
thresholds specified, the battery voltage increases as the battery is charged. The constant current phase ends when the
cell voltage of the battery reaches the setpoint specified for the respective battery type.

Constant voltage phase

In the constant voltage phase, the battery voltage is kept at a constant value. As a result, the battery current decreases
continuously. For the constant voltage phase, the battery management system selects one of the following three
charging processes (see Section 6.3.4, page 36):

* Boost charge
* Full charge
* Equalization charge

For each of these three charging processes, you can adjust the voltage and charging time to the levels specified by the
battery manufacturer in the Sunny Island. Once the specified charging time has been reached, the constant voltage
phase ends and the Sunny Island switches to the float charge phase.

Float charge

The purpose of the float charge phase is to maintain the battery in a fully charged state without overcharging it. At the
beginning of the float charge phase, the battery management system reduces the charging voltage in steps until the
float charge setpoint specified has been reached. The battery management system then maintains this charging
voltage until the end of the float charge phase. The float charge phase ends when one of the following conditions is
met:

* The sum of all battery discharges has reached 30% of the nominal capacity.
* The current state of charge is less than 70% of the available charging capacity.

The battery management system switches from the float charge phase to the constant current phase. If the stand-alone
grid is connected to the electricity grid, the battery management system can also switch from the float charge phase to
silent mode.

Silent mode

In silent mode, the Sunny Island switches to standby, thus saving energy. Once the time set for the float charge
(parameter Time until change-over to energy saving mode) expires in systems connected to the utility grid, the
battery management system switches to silent mode and any connected loads are supplied exclusively from the utility
grid. The Sunny Island leaves the silent mode in adjustable intervals (parameter Maximum duration of the energy
saving mode) or when the battery voltage per cell drops by 0.14 V. This way, the battery always remains fully
charged.
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6.3.4  Charging Processes

When moving to the constant voltage phase, the battery management system selects one of the following charging
processes:

* Boost charge
* Full charge

* Equalization charge

Boost charge

With the boost charge process, a high charging voltage is applied to the battery. The battery is to be charged to
between 85% and 90% of its current usable capacity in a very short time. You can adjust the charging voltage
(parameter Cell charge nominal voltage for boost charge) and the duration (parameter Battery boost charge
time) in accordance with the recommendations for the battery used.

Full charge

The obijective of the full charge process is to recharge the battery to a state of charge of at least 95%. This should
compensate for effects caused by any insufficient charging and should also increase the service life of the battery.

The Sunny Island performs a full charge of the battery when one of the following conditions is met:
* The specified cycle time for the full charge has expired (parameter Cycle time full charge).
* The sum of all discharges since the last full charge is eight times the nominal capacity of the battery.

You can adjust the charging voltage (parameter Cell charge nominal voltage for full charging) and the duration
(parameter Battery full charge time) in accordance with the recommendations for the battery used.

Equalization charge

With the equalization charge process, the Sunny Island neutralizes any differences in the state of charge of individual
battery cells which have arisen due to the different behaviors of the battery cells. By doing so, the Sunny Island
prevents the premature failure of individual battery cells and extends the service life of the battery.

Further information on the equalization charge of lead-acid and lithium-ion batteries is contained in the Sunny Island
operating manual (see www.SMA-Solar.com).

The Sunny Island performs an equalization charge of the battery if the automatic equalization charge function is
activated and if one of the following conditions is met:

* The specified cycle time for the equalization charge has expired (parameter Cycle time equalization charge).
* The sum of all discharges since the last equalization charge is 30 times the nominal capacity of the battery.

You can adjust the charging voltage (parameter Time for equalization charge) and the duration (parameter
Battery equalization charge time) in accordance with the recommendations for the battery used.

To maintain or service the battery - for example, in systems that are only operated seasonally - you can start an
equalization charge manually (see the Sunny Island inverter operating manual at www.SMA-Solar.com).

6.3.5 Automatic Temperature Compensation

The charging capability of the battery is dependent on temperature. To prevent overcharging and insufficient battery
charging, the battery management system is equipped with automatic temperature compensation. At temperatures
above 20°C, the battery management system decreases the charging voltage. At temperatures below 20°C, the
battery management system increases the charging voltage.

6.3.6  Battery Protection Mode

The battery protection mode protects the battery. If the battery state of charge falls below the thresholds, the battery
protection mode is activated. In battery protection mode, the Sunny Island switches to standby mode or switches itself
off. The battery protection mode has three levels. One state of charge threshold can be set for each level. Levels 1 and
2 of the battery protection mode have specific start and end times and are therefore dependent on the time of day.
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Level 1

If the state of charge falls below the threshold for level 1, the Sunny Island switches to standby between the start time
and end time. In this way, you can specify preferred times for the stand-alone grid to be switched off in the event of
insufficient energy.

Level 2

If the state of charge falls below the threshold for level 2, the Sunny Island switches to standby. During the day, when
PV inverters are able to supply energy, the Sunny Island attempts to charge the battery. Using the start time and end
time, you specify the time period during which the Sunny Island starts every two hours in order to charge the battery. If
no energy is available to charge the battery, the Sunny Island remains on standby.

Level 3

If the state of charge falls below the threshold for level 3, the Sunny Island switches itself off. This protects the battery
against deep discharge and severe damage. To charge the battery again, the Sunny Island must be switched on and
started manually.

At all three levels, the Sunny Island will only switch to standby mode or switch itself off if no charging current has
flowed into the battery for six minutes. You can adapt the thresholds for battery protection mode to the system (for
setting the battery protection mode, see the Sunny Island inverter installation manual)

6.4  Further information on Generator Management

6.4.1 Generator Management Tasks
The Sunny Island inverter generator management system performs the following tasks:
* Requesting the generator in automatic generator operation.
¢ Controlling the Sunny Island inverter for switching the stand-alone grid to the generator voltage.
* Maintaining generator run times in order to prolong the generator service life.
* Protecting the generator against overload and backfeed.
* Controlling the switching operations in the Sunny Island for disconnecting the generator.
* Making reactive power available for the generator.

The generator management system enables the use of generators that have a low output power in relation to the
nominal load of the Sunny Island inverter (see the technical document "Sunny Island - Generator White Paper" at
www.SMA-Solar.com).

6.4.2 Generator Request Dependencies

In order to adapt the generator management system to the requirements of the off-grid system, you can change the
generator request dependencies.

Generator request Explanation

State-of-charge-dependent gener-  The generator management system requests the generator for battery charging

ator request depending on the state of charge. In this way, the battery management system
prevents the battery from being discharged too deeply. Tip: You can also config-
ure the generator request to be dependent on the time of day, e.g. to avoid start-
ing the generator at night wherever possible.

Load-dependent generator re- If the load in the stand-alone grid exceeds a configured limit, the generator man-

quest agement system requests the generator. The generator then supplies the loads.
This reduces the load on the battery. Where necessary, the Sunny Island and the
generator supply the loads in the stand-alone grid together. The sum of the two
power sources is available to the stand-alone grid.
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Generator request

Time-dependent generator re-
quest

Charging-procedure-dependent
generator request

SMA Solar Technology AG

Explanation

You can configure on which day, at which time and for how long the generator
management system requests the generator.

The generator is requested for full charge and equalization charging. You can
configure whether the generator is requested for full charge, equalization charge
or both charging processes.

6.4.3 Electrical Generator Thresholds

Through the configuration of electrical thresholds, the generator management system can prevent the generator from
becoming overloaded and can detect and react to malfunctions.

Configurable limit

Maximum generator current

Frequency of generator voltage

Generator voltage magnitude

Maximum generator reverse
power

Explanation

The generator management system limits the consumption of generator current to
a set maximum value. This prevents the generator from becoming overloaded.

The thresholds for the frequency and magnitude of the generator voltage define
the range within which the Sunny Island and the generator operate. These thresh-
olds directly affect the power quality in the stand-alone grid.

Reverse power in the generator can occur if AC sources in the stand-alone grid
supply more current than is required in the off-grid system. The generator is pow-
ered by the generator reverse power. Depending on the generator, the genera-
tor reverse power leads to the automatic disconnection, instability or destruction
of the generator.

You can set the active power of the reverse power and the permitted time for re-
verse power. If the reverse power exceeds the thresholds, the generator manage-
ment system disconnects the generator from the stand-alone grid. This protects
the generator.

6.4.4 Generator Run Times

Generator run times specify time frames for generator operation. The generator run times are only interrupted in the
event of a fault. This allows the generator management system to operate the generator with as little wear as possible
and energy-efficiently. The energy efficiency increases due to the generator management system being able to use an
operating generator for as long as possible at a high generator efficiency.

You can adjust and optimize the run times to suit the generator and the off-grid system requirements.

Generator run time

Warm-up time

Minimum run time
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Explanation

So as not to subject the generator to a load when it is cold, the generator warms
up during the warm-up time. The warm-up time reduces generator wear. After the
warm-up period, the Sunny Island connects the stand-alone grid to the generator.

The minimum run time begins after the warm-up time has ended. During the mini-
mum run time, the generator supplies current in order to charge the battery and
to supply the loads. The minimum run time prevents short generator run times.
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Generator run time Explanation

Power-down time Once the minimum run time has expired and the reason for the generator request
no longer exists, the generator management system disconnects the generator
from the stand-alone grid. The power-down time starts upon disconnection. Dur-
ing the power-down time, the generator operates without a load and the operat-
ing materials slowly cool down.

Minimum stop time The minimum stop time begins after the power-down time. The generator does
not operate during the minimum stop time. In this way, the generator manage-
ment system prevents frequent generator starts. Frequent starts result in the gener-
ator motor wearing faster.

6.4.5 Generator Operating Modes

The generator management system differentiates between automatic generator mode and manual generator mode.

Manual generator mode

In manual generator mode, you can control generators with an autostart function and generators with external
generator control at any time via the user Sunny Island interface. The following options are available for controlling the
generator:

* Starting the generator at the Sunny Island.

If you start the generator manually at the Sunny Island, you must also stop it manually.
* Stopping the generator at the Sunny Island.
* Starting the generator for one hour at the Sunny Island.

With this option, you do not have to stop the generator again. The generator runs for 1 hour.

Automatic generator mode

In automatic generator mode, the generator management system controls the generator.

E] Automatic generator mode and generators without an autostart function

The generator management system can control a signal generator via a multifunction relay. The signal generator
can send you a signal when you are to start or stop the generator.

In automatic generator mode, the generator can be started and stopped manually at any time. If the generator has
stopped and the minimum stop time has expired, automatic mode is continued.
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6.4.6
6.4.6.1

Event or state

The generator management
system requests the genera-
tor.

The generator starts.

The generator voltage is
within the configured
thresholds for voltage and
frequency.

The warm-up time is run-
ning.

The warm-up time ends.

The stand-alone grid is syn-
chronized.

The stand-alone grid is con-
nected to the generator.

The minimum run time is
running.

The minimum run time ends.
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Operating Procedure for Generator Control

Operating Procedure with Generators with Autostart Function

Internal transfer re-
lay

Open, the stand-
alone grid is not con-
nected to the genera-
tor.

Result

The Sunny Island starts the generator.

The generator voltage builds up.

The generator management system measures the time until the
generator voltage is within the configured thresholds for volt-
age and frequency. If a maximum time is exceeded, the gener-
ator management system terminates the generator start.

The generator management system starts the warm-up time.

The Sunny Island synchronizes the stand-alone grid with the
generator voltage.

Closed, the stand-
alone grid is con-
nected to the genera-
tor.

The Sunny Island connects the stand-alone grid to the genera-
tor.

The generator feeds current into the stand-alone grid.
The generator management system starts the minimum run time.

Even if the generator management system no longer requests
the generator, the stand-alone grid remains connected to the
generator.

If the generator management system continues to request the
generator, the stand-alone grid remains connected to the gen-
erator.

Planning Guidelines



SMA Solar Technology AG

Event or state

The generator management
system no longer requests
the generator.

The power-down time is
running.

The power-down time ends.

The minimum stop time is
running.

The minimum stop time
ends.

6.4.6.2

Event or state

The generator management
system requests the genera-
tor.

You start the generator
(e.g. via a cable pull).

You close the load-break
switch between the genera-
tor and the Sunny Island.

The generator voltage is
within the configured
thresholds for voltage and
frequency.

The warm-up time is run-
ning.

The warm-up time ends.

Planning Guidelines

Result

The Sunny Island supplies the stand-alone grid and carries out
load-free disconnection of the generator from the stand-alone
grid.

The generator management system starts the power-down time.

During the power-down time, the generator management sys-
tem cannot request the generator again and the Sunny Island
cannot reconnect the stand-alone grid to the generator.

The Sunny Island stops the generator.

The generator management system starts the minimum stop
time.

The Sunny Island cannot start the generator. It is also not possi-

ble to perform a manual start at the Sunny Island.

The generator management system cannot request the genera-
tor.

The generator management system can request the generator.

The generator can be started at the Sunny Island.

Result

The Sunny Island triggers a signal generator. The signal gener-
ator signals that you should start the generator.

The generator starts.
The generator voltage builds up.

The generator is connected to the Sunny Island.

The generator management system starts the warm-up time.

The Sunny Island synchronizes the stand-alone grid with the
generator voltage.

OffGrid-System-PL-en-27
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Internal transfer re-
lay

Open, the stand-
alone grid is not con-
nected to the genera-
tor.

Operating Procedure with Generators without an Autostart Function

Internal transfer re-
lay

Open, the stand-
alone grid is not con-

nected to the genera-
tor.
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Event or state

The stand-alone grid is syn-
chronized.

The generator is connected.

The minimum run time is
running.

The minimum run time ends.

The generator management
system no longer requests
the generator.

You open the load-break
switch between the genera-
tor and the Sunny Island.

The minimum stop time is
running.

You stop the generator.

The minimum stop time
ends.

SMA Solar Technology AG
Result Internal transfer re-
lay
The Sunny Island connects the stand-alone grid to the genera-  Closed, the stand-
tor. alone grid is con-
nected to the genera-

The generator feeds current into the stand-alone grid. or.

The generator management system starts the minimum run time.

Even if the generator management system no longer requests
the generator, the generator remains connected to the stand-
alone grid.

The Sunny Island stops triggering the signal generator. The sig-
nal generator signals that you should disconnect the generator
from the Sunny Island.

The Sunny Island opens the internal transfer relay.

The Sunny Island continues to supply the stand-alone grid with-
out interruption.

The generator management system starts the minimum stop
time.

The Sunny Island does not detect when you restart the genera-
tor.

The generator management system cannot request the genera-
tor. The signal generator is not triggered.

The generator management system can request the generator.

The Sunny Island detects a generator start.
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6.4.6.3

Event or state

The generator management
system requests the genera-
tor.

The external generator con-
trol starts the generator.

The warm-up time set at the
external generator control
begins.

The external generator con-
trol signalizes to the

Sunny Island that its warm-

up time has successfully ex-
pired.

The Sunny Island synchro-
nizes the stand-alone grid
with the generator voltage.

The stand-alone grid is syn-
chronized.

The stand-alone grid is con-
nected to the generator.

The minimum run time is
running.

The minimum run time ends.

Planning Guidelines
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Operating Procedure with Generators with External Generator Control

Internal transfer re-
lay

Open, the stand-
alone grid is not con-
nected to the genera-
tor.

Result

The Sunny Island signalizes to the external generator control
that the generator has been requested.

The generator voltage builds up.

The generator management system measures the time until the
external generator control signals to the Sunny Island that the
warm-up time has expired. If a maximum time is exceeded, the
generator management system terminates the generator start.

Closed, the stand-
alone grid is con-
nected to the genera-
tor.

The Sunny Island connects the stand-alone grid to the genera-
tor.

The generator feeds current into the stand-alone grid.
The generator management system starts the minimum run time.

Even if the generator management system no longer requests
the generator, the stand-alone grid remains connected to the
generator.

If the generator management system continues to request the
generator, the stand-alone grid remains connected to the gen-
erafor.
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Event or state

The generator management
system no longer requests

the generator.

The power-down time set at
the generator management

system begins.

The power-down time is

running.

The power-down time ends.

The generator management
system starts the minimum

stop time.

The minimum stop time is

running.

The minimum stop time
ends.

6.5
6.5.1

SMA Solar Technology AG

Result Internal transfer re-
lay

The Sunny Island supplies the stand-alone grid and carries out  Open, the stand-
loadfree disconnection of the generator from the stand-alone  alone grid is not con-
grid. nected to the genera-

tor.
The generator management system signalizes to the external

generator control that the generator is no longer being re-
quested.

During the power-down time, the generator management sys-
tem cannot request the generator again and the Sunny Island
cannot reconnect the stand-alone grid to the generator.

The external generator control stops the generator.

The external generator control signalizes to the Sunny Island
that its power-down time has expired.

The Sunny Island suppresses every generator request. It is also
not possible to perform a manual start at the Sunny Island.

The generator management system can request the generator.

The generator can be started at the Sunny Island.

Further Information on the Grid Management Service

Tasks of the Grid Management Service

The grid management service performs the following tasks:

44

The grid management service recognizes failures, disturbances and return of the utility grid.

The grid management service controls the transition from stand-alone mode to grid operation.

The grid management service controls the transition from grid operation to stand-alone mode.

If the utility grid is being used as an energy reserve, the grid management service automatically connects the utility

grid when required.
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6.5.2 Dependencies for Requesting the Utility Grid

In order to adapt the grid management service to the requirements of the battery-backup system, you can change the
dependencies for requesting the utility grid.

Requesting the utility grid Explanation
State-of-charge-dependent re- The grid management service requests the utility grid for battery charging de-
quest pending on the battery state of charge. In this way, the grid management service

prevents the battery from being discharged too deeply. Tip: You can also config-
ure the request to be dependent on the time of day.

Load-dependent request If the requirements of the electrical loads in the battery-backup grid exceed a
specified limit, the grid management service requests the utility grid. The utility
grid then supplies the loads. This reduces the load on the battery.

Charging-procedure-dependent  You can configure whether the utility grid is requested for full charge, equaliza-
request tion charge or both charging processes.

Requirement:

O The Sunny Island is in operation.

Procedure:

SUNNY ISLAND 6.0H %

1. Log into the user interface of the Sunny Island.

2. Select AC Side in the menu Device parameters.

3. To set the parameters, open the menu item Public electricity mains and select Network request via battery
state of charge.

4. Select Yes under Activated.
5. Setting the load-dependent requirement can be enabled under the menu item Network request via power.

6. The request depending on the charging procedure can be enabled under Network request via charge type.

Planning Guidelines OffGrid-System-PL-en-27 45



6 Appendix

6.5.3

Electrical Thresholds for the Utility Grid

SMA Solar Technology AG

If the utility grid exceeds the electrical thresholds, the grid management service detects a failure, disturbance, or

overload of the utility grid.
Configurable limit

Maximum grid current

Explanation

a configurable maximum value.

Frequency of the utility grid volt-
age

standards and requirements.

The grid management service limits the drawing of current from the utility grid to

You can adjust the thresholds for frequency and voltage to the applicable local

The frequency and voltage in the utility grid directly affect the power quality in
the battery-backup grid. If the utility grid exceeds the thresholds, the Sunny Island
disconnects the utility grid from the battery-backup grid and switches to stand-
alone mode.

6.5.4

Operating Modes of the Utility Grid

The Sunny Island differentiates between the operating modes charge mode and energy-saving mode (silent mode).

Charge mode

Charge mode on the utility grid is characterized by the Sunny Island charging the battery or receiving the battery

charge.

Energy-saving mode

In energy-saving mode, the Sunny Island is in standby and the utility grid supplies the loads. The Sunny Island switches
out of energy-saving mode regularly to charge the battery.

6.5.5

Event or state

The grid management service re-
quests the utility grid.

The grid voltage is within the speci-
fied thresholds for voltage and fre-
quency.

The battery-backup grid is synchro-
nized.

The battery-backup grid is connected
to the utility grid.

The grid management service no
longer requests the utility grid.
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Operating Procedure for Grid Control

Result

In order that the grid management
service can detect a valid voltage,
the utility grid must be within the
thresholds for voltage and frequency
for @ minimum time.

If the grid management detects a
valid voltage, the Sunny Island syn-
chronizes the battery-backup grid
with the utility grid.

The Sunny Island connects the bat-
tery-backup grid to the utility grid.

The utility grid feeds current info the
battery-backup grid.

The Sunny Island disconnects the bat-
tery-backup grid from the utility grid
and supplies the battery-backup grid.

Internal transfer relay

Open, the battery-backup grid is not
connected to the utility grid.

Closed, the battery-backup grid is
connected to the utility grid.

Open, the battery-backup grid is not
connected to the utility grid.
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6.5.6  Grid-Connected Systems in Off-Grid Mode

The inverter can be used in off-grid, backup or self-consumption systems. Depending on the system, additional energy
sources may be available (e.g. diesel generator, utility grid or others).

Inverters in grid-connected operation mode, are used to increase self-consumption. In off-grid mode, there are such
systems that are connected to a diesel generator, the utility grid or both at the same time.

The use of diesel generators in off-grid systems is the classic application of Sunny Island systems. If available, the utility
grid can also be used for this application. The grid within a system can be setup in different ways:

* with utility grid as an energy reserve or grid as generator
* with utility grid as the main supplier of loads (with or without PV plant)
* with utility grid as the main supplier of loads with Diesel generator (w/o PV plant)

Larger systems require further components and are more complex. They are not considered here.

6.5.7  Systems with utility grid as an energy reserve for the battery-storage
system

The utility grid can be used as an energy reserve instead if a diesel generator. The energy from the utility grid can be
requested by the Sunny Island via different settings.

A system structure as shown in the following figure must be implemented to operate in off-grid mode in combination
with a utility grid. The Sunny Island can synchronize with the grid at any time and disconnect the grid again when
required. It thus retains control over the secure supply of all loads. After successful synchronization, the external source
determines the voltage and frequency of the entire system.

PV INVERTER
UTILITY
3 GR.ID
3 R
3 A3
LOADS AC1 | AC2
BATTERY

734 AC cable 3-wire
DC cable

Figure 18: In off-grid mode, loads and PV inverters can be connected to terminal "AC1" and the grid to terminal "AC2".

6.5.8 Systems with utility grid as a main supplier of loads

In countries with a weak utility grid or countries without high grid standards, it is possible to connect a Sunny Island
system in series between the grid and loads with the operating state "Off-grid". The utility grid is the main supplier of
the loads. If the utility grid fails, the Sunny Island disconnects the network of loads from the utility grid and switches to
stand-alone mode (backup system). In standalone mode, the Sunny Island supplies the network of loads with energy
from the battery and PV plant (if available).

After the utility grid has been connected with the AC2 terminal of the Sunny Island (see Section 6.5.7, page 47), the
system can be set up as a backup system.
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The switchover times are available in the document "Technical information: Switchover times for SUNNY ISLAND" at
www.SMA-Solar.de.

Using the Sunny Island as a backup system, the batteries are always fully charged and prepared for a possible grid
failure. If a PV system is installed at the AC1 terminal, the feed-in of surplus energy can be selected when the grid is
connected.

The system with the grid connected to the AC2 terminal of the Sunny Island and PV inverter connected to the ACT
terminal works as follows:

The power generated by the PV modules flows through the PV inverter directly to the loads. If the PV generation at that
moment is higher than the load demand, the PV inverter may feed too much generated energy into the utility grid. The
following parameter must be selected: Feedback permitted = Yes

SUNNY ISLAND 6.0H %

Home Instantaneous values Dwevice parameters. Device configuration

Discard ail Save all Export all parameters

Unsaved changes (0)

Paramstar name Ol velus Mewr walus

Type Lab=|
Devica
User Rights
DC Side

AC Side

Public electricity mains

Manwal control [+
MM cLmend of Me ext. ratwark ierace 16.000 A (0.000 A ... S0U000 A)
[ Fead-back pemitted No [] ]

Power manitoring

Figure 19: Parameterization of the feedback (example)

If it is not allowed to feed back the excess of PV power, the parameter Feedback permitted should be set to No. In
this case, the Sunny Island opens its internal relay to separate the loads from the utility grid. Then it starts the FSPC
function (frequency shift power control / power curtailment via PV inverter control by varying the frequency) to reduce
the output power of the PV inverter and prevent any excess energy from being generated.

The "maximum reverse power" and "maximum reverse power tripping time" can be set in the Sunny Island parameters
under Power monitoring.

After some minutes, the Sunny Island will reconnect automatically to the utility grid. After the Sunny Island has
recognized a valid grid voltage, the frequency and voltage of the Sunny Island grid are synchronized with the utility
grid. If the PV generation is still higher than the load, the Sunny Island disconnects the utility grid again. This will
happen in a loop as far as the load is similar or higher than the PV generation. The lock time until connection to the
external grid after reverse power can be set in the parameter Cut-off time after shutdown. To do this, select the
menu item Measurements of external power connection in the AC Side menu.
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6.5.9  Systems with utility grid as a main supplier of loads and diesel generator
as energy reserve in case of a grid failure

When using the Sunny Islands in a backup system with a diesel generator, the system installer is responsible for setting
up the DIGIN (digital input). The DIGIN shows the Sunny Island that there is a diesel generator in case of a grid
failure. This allows the Sunny Island to start the diesel generator with a two-wire signal. If the Sunny Island requests the
generator via remote start, it provides reverse-current protection at the same time in order to prevent the PV current
being fed info the generator again. This function of the Sunny Island gives the installer more flexibility in the design and
installation of a backup system.

BATTERY PV MODULE — AC cable
DC cable
G
BATTERY INVERTER PV INVERTER
UTILITY
GRID Transfer ; ;
il - -

LOADS

GENERATOR

BatVigOut+

Figure 20: System with utility grid as a main supplier of loads with diesel generator:

The Sunny Island has one AC external source connection labeled AC2 Grid/Generator. The digital input serves to
inform the Sunny Island whether a diesel generator or grid is currently connected to the AC2 connection.

When the digital input has an open circuit, the Sunny Island operates under grid parameters and can then feed extra
current back to the grid. When the digital input has a closed electric circuit the Sunny Island recognizes that a
generator is available. When the generator has been switched on, the Sunny Island will no longer back feed any
power through its AC2 connection towards the generator. This will protect the generator by the Generator Reverse
Power function of the Sunny Island.

When using a diesel generator and utility grid, the installer must provide a means of switching from grid to generator.
This can be performed by utilizing an automatic transfer switch (ATS) or a manual transfer switch.

It is high recommended to use ATS with a neutral transition position. The ATS needs at least 5 seconds to disconnect
the Sunny Island from the grid and from the generator.

If @ manual switch is installed, leave the switch in OFF position for at least 5 seconds before switching to the new
position.

In order to wire the DIGIN circuit, the ATS should be equipped with an auxiliary contact to provide to the DIGIN a
logical signal. If this contact is open, it means the grid is connected. If not, it means the generator is connected.

However, if an auxiliary relay is not available, the installer will need to purchase an external relay / contactor with a
230V coil. The voltage for the coil must be provided from the grid side of the transfer switch. In the event of a grid
failure, the voltage will no longer be applied to the coil, and the contact will close.

The DIGIN signal in the Sunny Island occupies 2 auxiliary connections. They are located over the multifunction relay
connections inside on the bottom right hand side of the circuit boards in the Sunny Island. The connections that will be
utilized are the BatVig+ and BatVig- along with the Digin+ and Digin-. The connections that will be utilized are the
BatVig+ and BatVtg- along with the Digin+ and Digin-.

Next, wire the BatVig+ to the break contact of the external relay/contactor. This is the contactor provided externally,
or in your ATS.
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Then, wire the Digin+ to the C or common connection on the external relay. Treat this electric circuit as a
communication circuit and do not connect it in parallel to AC voltage and current cables. This could lead to signal
interference with Sunny Island. No voltage should be present on the relay during a grid failure. For external relays,
pull voltage from the grid side of the transfer switch.

Automatic Transfer Switch

ey e— Grid| ®
f \ To
: ® | Sunny
i Island
————+———» Generator| ®
1
i Sunny Island
! Auxiliary
i C / + Relay Digln BaVigOu! 1cr Baimp c -
| Fp
1 b d
i
! 230V to coil NTAR B2 C J

Figure 21: Automatic transfer switching device

6.6 Further Information on Clusters

6.6.1  Mixed multicluster systems

During the operating time of battery-storage systems, it may be necessary to replace or add devices. This section
describes compatibilities between different system components within Sunny Island systems. It also provides guidance
on how to select and replace devices.

The following device types of battery inverters are considered:

Generation A S15048 S15048 Off-Grid

Generation BO SI-10 Sl6.0H-10 / SI8.0H-10 Off-Grid

Generation B1 SI-11 SI3.0M-11 / Sl4.4M-11 /  Off-/On-Grid
SI6.0H-11 / SI8.0H-11

Generation B2 SI-12 SI4.4M-12 / SI6.0H-12 /  Off-/On-Grid
SI8.0H-12

Generation B3 SI-13 S14.4M-13 / SI6.0H-13 /  Off-/On-Grid
SI8.0H-13

E] SI3.0M-11 / S14.4M-11 / S14.4M-13 cannot be used in multicluster systems. US product

variants are not considered.

Individual clusters (3 devices, three-phase connected) may only be combined unmixed (by generation) An exception
applies to generation B2 and B3.

Generation A 1 Cluster consisting of 3x S15048 or

Generation BO 1 Cluster consisting of 3x SI-10 (same type) or

Generation B1 1 Cluster consisting of 3x SI-11 (same type) or

Generation B2/B3 1 cluster each unmixed (of the same type) or consisting of a mix of SI-12 and
SI-13 devices (same power classes). In this case, the master device must be an
SI-13 device.

Cluster (3 devices, three-phase connected) can be combined as main clusters and extension clusters.
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E] The latest device types are downward compatible, the older ones are not upward
compatible.
In mixed multicluster systems, only the functions of the oldest device generation can be used.

The extension clusters must always have the latest firmware installed. You will find the latest firmware versions at

http://www.SMA-Solar.com.
The use of special firmware in mixed multicluster systems is not permitted.

The operation of several unmixed clusters of different generations can be carried out on the following Multicluster-
Boxes:

e MCBOX-6.3

e MCBOX-6.3-11

* MCBOX9.3

e MCBOX-12.3

e MCBOX-12.3-20
* MCBOX-36.3

e MCBOX-36.3-11

The operation of several unmixed extension clusters (e.g. 1x SI-11 cluster and 1x SI-12 cluster) within a multicluster
system is permitted.

Under certain firmware constellations, the following event codes may occur when operating mixed multiclusters, but
these do not affect the operation of the system:

* "Firmware extension cluster unequal firmware main cluster"

* "Synchronization not successful"
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6.6.2 Multicluster Boxes

SMA Solar Technology AG

Multiclusterboxen
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Figure 22: Compatibility matrix of Multicluster-Boxes in mixed multi-cluster systems
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6.6.3  Sunny Island battery inverter within mixed multicluster systems

ExtensionCluster 1 ... 11
S1-5048 SI-10 SI-11 SI-12 S1-13

1 Main: SI-5048 7 7/ B 0 4 ¢
i

(2) Main: SI-10

1l =
e Main: SI-11 O .

@ Main: Si-12 [ .

) Main: SI-13 [ v

v Kompatible Kombination / compatible combination

. NICHT kom patible Kombination / NOT compatible combination

% abgekiindigt / discontinued
. abgekiindigt / discontinued

Figure 23: Compatibility matrix: Sunny Island in mixed multicluster systems

The figure illustrates possible system constellations in multicluster systems with different Sunny Island generations. Only
the resulting possible combinations may be used. SMA recommends the latest firmware version for the device types.
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