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INTRODUCTION

Thank you for choosing the Beacon Power Smart Powerd M5, Power Conversion System — a “one box”
solution optimized for utility-connected renewable energy installations.

The M5 Power Conversion System (PCS) integrates a 5 kVA DC-to-AC inverter with a 100 Amp DC-to-
DC battery charger for grid interconnection of a photovoltaic (PV) array and critical circuit backup power
functionality. The outdoor-rated chassis contains all the necessary components except for the battery
circuit breaker to support a typical residential or light-commercial renewable energy system.

Power from the sun is efficiently exported to the utility on the customer’s side of the electric meter,
running the meter backwards (where net-metering is permitted — contact your local utility). The battery
bank is constantly monitored by the M5 and charged as necessary in order to enable it to supply power
within 30 milliseconds if the utility power (the “grid”) should fail. When the grid is restored, the batteries
are recharged from the renewable energy source.

The Smart Power M5 is ready to operate in the utility-connected mode “out of the box” — as soon as it is
installed, without further configuration, when standard PV and battery equipment is utilized. Three LED
indicators provide a simple means of monitoring the M5’s operating status. For customized systems,
setpoints and operational function may be changed and monitored through the Beacon Power Smart
Powerd Monitor software. An external computer connects to the M5 via an isolated RS-485 interface.

This manual is oriented toward PV applications; hence, the DC input to the M5 will be referred to as the
“PV input”.
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IMPORTANT SAFETY INSTRUCTIONS

SAVE THESE INSTRUCTIONS -- This manual contains important safety and operating instructions
for the Beacon Power, Smart Power™ M5, Power Conversion System for use in residential and
commercial applications.

If you do not fully understand any of the concepts, terminologies, or hazards outlined in this manual, refer
installation to a qualified technician or electrician. This manual is not meant to be a complete explanation
of the installation of a renewable energy system.

Beacon Power is not responsible for potential battery failures or reduction in battery life due to improper
battery charging settings (i.e. internal setpoints). The installer is responsible for checking battery settings
with manufacturer’'s recommendations.

GENERAL PRECAUTIONS

1. This inverter is not qualified for supplying emergency loads, life support systems, or for medical
applications. Beacon Power’s products are not authorized for use as critical components in life support
devices or systems. As used herein: Life support devices or systems are devices or systems which
support or sustain life, and whose failure to perform, when properly used in accordance with instructions
for use provided in the labeling, can be reasonably expected to result in significant injury to the user. A
critical component is any component of a life support device or system whose failure to perform can be
reasonably expected to cause the failure of the life support device or system, or to affect its safety or
effectiveness.

2. Before using the Smart Power™ M5 Power Conversion System, read all instructions and cautionary
markings in/on the:

M5

Batteries

Photovoltaic modules or other power sources

All appropriate sections of this manual.

3. CAUTION: To reduce risk of injury, connect only VRLA deep-cycle lead-acid type rechargeable
batteries. Other types of batteries may leak or burst, causing injury and damage. Nickel-Cadmium and
Nickel-Iron batteries are not supported at this time.

4. Do not expose the M5 to excessively dusty or corrosive environments.

5. Do not disassemble the unit. Doing so voids the warranty. If service is required, please contact a
gualified service center. Incorrect service may result in a risk of electric shock or fire.

6. To reduce risk of electric shock, disconnect all wiring before attempting any maintenance or cleaning.
Turning off the inverter will not significantly reduce this risk. Solar modules continue to produce
power when exposed to light. When it is not possible to disconnect the photovoltaic power by an external
means such as a string combiner, cover the modules with an opaque material. Ensure that no DC
voltage is present on the PV wiring before servicing any connected equipment.

7. WARNING -- WORKING WITH OR IN THE VICINITY OF A LEAD-ACID BATTERY REQUIRES
SPECIAL PRECAUTION. BATTERIES CAN GENERATE HARZARDOUS GASES DURING NORMAL
OPERATION. FOR THIS REASON, IT IS OF THE UTMOST IMPORTANCE THAT BEFORE
SERVICING EQUIPMENT IN THE VICINITY OF THE BATTERIES, YOU REVIEW THIS MANUAL AND
FOLLOW THE INSTRUCTIONS CAREFULLY.

To reduce risk of accident or injury, follow the instructions in this manual and those published by the
battery manufacturer as well as by the manufacturer of any additional equipment used in the vicinity of
the battery. Observe and follow all cautionary markings on these products.
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PERSONAL PRECAUTIONS

Do not work alone. Someone should be within range of your voice or close enough to come to
your aid when you work with or near electrical equipment or batteries.

The Smart Power™ M5 weighs 120 pounds. To avoid injury, enlist at least two people to lift the
unit from its shipping carton and onto its mounting bracket.

BATTERY SAFETY

Beacon Power is not responsible for potential battery failures or reduction in battery life due to improper
battery charging settings (i.e. internal setpoints). The installer is responsible for checking battery settings
with manufacturer’'s recommendations.

1.

10.

11.

Prior to connecting batteries, study all the battery manufacturer’s specific precautions, such as
recommended rates of charge, charge voltages, mounting, and maintenance.

Provide ventilation to outdoors from the battery compartment. The battery enclosure should be
designed to prevent accumulation and concentration of hydrogen gas in “pockets” at the top of
the compartment. Vent the battery compartment from the highest point. A sloped lid can also be
used to direct the flow to the vent opening location.

Thoroughly clean all battery terminals prior to connecting. Very high currents are drawn from the
batteries; even a very small electrical resistance in battery connections can pose a risk of fire.

Have plenty of fresh water and soap nearby in case battery acid contacts skin, clothing, or eyes.

Wear complete eye protection and clothing protection. Avoid touching eyes while working near
batteries. Wash your hands when done.

If battery acid or battery terminal corrosion contacts skin or clothing, wash immediately with soap
and water. If acid enters eye, immediately flood eye with cool running water for at least 15
minutes and get medical attention immediately. Baking soda neutralizes lead acid battery
electrolyte. Keep a supply on hand in the area of the batteries.

NEVER smoke or allow a spark or flame in vicinity of a battery.

Be extra cautious when using metal tools. Dropping a metal tool onto batteries can short-circuit
the batteries or other electrical parts. The resulting spark can lead to personal injury or
equipment damage.

Remove rings, bracelets, necklaces, and watches when working with batteries, photovoltaic
modules, or connected wiring. Power from a battery, an illuminated photovoltaic array, or current-
carrying wires can produce a short-circuit current high enough to melt such metal and cause
injuries.

Never attempt to use or charge a frozen battery.
When it is necessary to remove the battery, make sure that the battery bank disconnect is in the

open (disconnected) position and that the PV breakers are in the OFF position. Then remove the
negative terminal from the battery first.
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SYSTEM OVERVIEW

The Smart Power M5 is a 5000 Watt Power Conversion System that manages a photovoltaic energy
source, exports power to the grid and maintains batteries, for a backup power supply to critical loads. For
planning purposes this section will outline the system layout as well as the associated components. This
will provide the basis for applying the full potential of the Smart Power M5.

M5 SYSTEM LAYOUT

The Smart Power M5 is optimized for a utility-connected application where surplus power from a
photovoltaic energy source can be exported to the utility. A battery bank provides energy storage to
power the electrical loads if utility power is interrupted. Figure 1 shows a typical installation of an M5 in a
PV energy system.

1. PV Array 6. Critical Load Subpanel (120
2. String Combiner 7. Lockable AC Disconnect

3. Smart Power M5 8. Litility Paneal

4. Battery Systermn (48V) 9. Utility Meter

5. Battery Disconnect (1754 max) 10, Grid
Figure 1: Typical M5 system layout
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Internal M5 Layout

The Smart Power M5 has been designed to hold all components necessary in one box for a grid
connected solar electric system with battery back-up. The following components are included inside the
M5:

- 100A Battery Charger with Maximum Power Point Tracking (MPPT)

- 5kw DC to AC grid connect capable inverter (Stand Alone surge 7.5kW for 10 sec.)

- PV (DC) Disconnect with built in Ground Fault Interrupt (GFI)

- Backup Circuit Transfer Contactor

- AC Circuit Breakers for Inverter Output, Grid Connection, and Load Output

- RS485 Communications Interface

PV Array i e pesss s
100 A DC/DC 5 kVA
Converter Inverter
Inverter
= I Output
% Breaker
_— ~
AC
Battery Bus Grid
bC Connect
Contactor Current Contacto
/ Shunt
L7 Yy Grid
o~ GFI 0= w Breakel
o~ )
o| |o 5 I Load
o Breake]
PV/DC AC Switchgear
Switchgear
Communication
—
Battery {
Temperatur
Sensor

Battery (48V)
Figure 2: M5 internal component diagram

These components will be discussed in more detail in the later sections of this manual.
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AC Circuit Diagram

The inverter output circuit was designed to make sure that the dedicated loads are always powered. To
better understand how the inverter output is wired to provide backup power to the sub-panel, refer to
Figure 3. There are three AC circuit breakers that serve as over-current protection as well as manual
switching capability. The Inverter Output circuit breaker allows manual disconnection of the Inverter from
the AC terminals. The Grid circuit breaker will disconnect the utility from the AC circuits. The Load circuit
breaker allows disconnection of any power to the sub-panel. An additional AC contactor is located
between the grid connection and the backup sub-panel. When a utility outage occurs, the AC contactor
opens, allowing the inverter to continue to run and provide power to the critical loads. When the utility
returns, the inverter has to wait 5 minutes before reconnecting to the grid. During these five minutes, the
contactor will close and the inverter will stop exporting, allowing the loads to be run directly from the grid.

Inverter

Output
T Breaker AC
17 Transfer
) Contactot

=4

Load/") é\\Grld
Breakef é Breaker
AC Switchgear
Figure 3: AC switchgear diagram
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M5 FUNCTIONALITY

Before discussing individual components within the system, this section will cover the operational
behavior of various aspects of the M5.

MPPT Characteristics

The DC-DC converter contains a uniqgue Maximum Power Point Tracking (MPPT) algorithm that will
maximize the power usage of the PV array. The DC input to the converter is designed for a 48Volt
nominal PV string. The MPPT range comes preset to start at a nominal maximum power at 60.0Vdc, with
limits of 50Vdc low and 85Vdc high.

MPP LOW = 50.0 vdc
MPP NOMINAL = 60.0 vdc
MPP HIGH = 85.0 vdc

Should the array in use fall outside this range the values can be changed by adjusting some setpoints.
When the PV array starts providing power, the converter will start pulling power at the nominal maximum
power voltage. It will then change the voltage and analyze the power change, followed by another
voltage adjustment in the direction of increased power. It continues to do this a number of times each
second, to make sure that it always pulls the maximum power from the PV array.

Charging Characteristics

The M5 is currently designed to manage 48 Volt VRLA deep cycle batteries so they are fully charged at
all times to provide maximum back-up time during a utility outage. In addition, the “Stand-by” feature
keeps the battery charge current to a minimum for the rest of the day, maximizing the PV power
availability for export to the grid.

Consider batteries that were fully charged the previous day. When the PV array starts providing power in
the morning, the battery charger (DC-DC converter) will start out in float charge mode. In this mode, the
battery will be held at the float voltage, and be charged if necessary at the required current to achieve
maximum State Of Charge (SOC). The M5 will use all available PV to charge the batteries as needed,
and export the balance to the utility. After the batteries have reached full charge, the charger will go into
Stand-by charging mode, where it will limit the current to and from the batteries to zero Amps, and export
all PV power. A small amount of fluctuating current (0.2A — 0.8A) might be observed due to ripple
currents from the inverter.

Battery float Voltage = 54.5 Volts
Battery High Voltage = 62.0 Volts
Battery Low Voltage = 46.5 Volts
Max Charge Voltage = 59.0 Volts
Default Ah Rating = 100 Ah

In the case of a utility outage, the M5 will always utilize available PV power first to supply power to the
loads, before tapping into the battery storage. This feature again minimizes the amount of current flowing
through the batteries, which minimizes losses and maximizes battery life.

The charger also regulates the charge voltage dependent on battery temperature. The temperature
compensation is defined by

Temp. Adjustment below 25°C: +0.25%of target bat VV / degree C
Temp. Adjustment above 25°C: -0.15%of target bat V / degree C

Should the battery voltage rise to above the High Voltage setpoint of 62.0V, the M5 will proceed into
hardware shutdown, switch the unit into Grid-to-Load mode, and disable the inverter and the charger. The
Run LED will blink twice, and the auxiliary relay will audibly click on and off. The system and batteries will
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have to be checked by qualified service personnel. When normal battery voltage returns, the unit will
have to be manually reset by turning the grid breaker off and on. A grid outage and return could also
reset this state.

Should the battery voltage drop below the Low Voltage setpoint of 46.5V for 60 seconds or longer, the
M5 will proceed into hardware shutdown, switch the unit to Grid to Load mode, and disable the inverter.
The charger will remain enabled and wait for available PV power. The Run LED will blink twice, and the
auxiliary relay will audibly click on and off. Should this occur when no PV power is available, the M5 will
stay in this configuration until the PV source returns, at which point the DC-DC converter will attempt to
charge the batteries. Once the batteries have charged enough to obtain a voltage above 46.5Volts, the
unit will return to normal operation.

Anti-Islanding

In order to be permitted to connect directly to the utility’s grid, the M5 must meet certain code
requirements. If the grid experiences an abnormal condition such as a brownout or blackout, the utility
company requires that power generation sources be removed from the grid. If a distributed generation
device, such as the M5, continues to produce power during a power outage, it is possible to develop an
“island” of generation and loads connected to high voltage utility lines. All distributed generation devices
must detect outages and cease to energize the utility lines. For rotating generators this is often
accomplished by using a protective relay switch that opens if non-compliant voltage or frequency
fluctuations are experienced. Inverters have the unique ability to stop producing power so quickly that a
relay is often unnecessary.

Additional sophisticated circuitry is built into PV inverters that goes beyond basic sensing requirements
and actively destabilizes the distributed generation device. This eliminates the possibility of a stable
island forming that would be undetected by standard voltage and frequency sensing. This function —
referred to as the “anti-islanding” feature — ensures that any utility line worker who may be working to
restore normal operation to the grid will not be injured from such devices (such as the M5), which export
electricity to the grid.

This unit continually monitors the grid voltage and frequency, and can disconnect from the grid in less
than 2 seconds if the grid is interrupted while still providing power to the backup circuits. The normal
operating voltage range of this product is from 106Vac to 132Vac. These values are in compliance with
UL1741 (Table 46.1) limits, as are the required disconnect times for over and under voltage conditions.
The normal operating frequency range of this product is from 59.3Hz to 60.5Hz. These values are in
compliance with UL1741 (Table 46.1) limits. The field adjustable operating voltage range is from 103Vac
to 135Vac. These values are only adjustable with the permission of the local utility service.

When the grid returns the M5 must wait 5 minutes before exporting power. During these 5 minutes the
sub-panel loads will be powered directly from the grid. If, during these 5 minutes, another abnormal event
occurs, the inverter will reset the 5 minute wait to export.
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Operating Modes

The M5 has 4 operating modes (see Figure 4):

1. OFF
In this mode the M5 Inverter is off, and grid power may be available at the sub-panel.

2. GRID TO LOAD (Grd/Ld)
In this mode, the inverter is bypassed and the sub-panel is powered directly from the grid. This occurs at
night, when no PV power is available. The M5 will also be in this mode after a grid outage, during the 5 -
minute anti-islanding reconnect delay, or if a fault occurred with available grid.

3. EXPORT
In this mode, PV power is available for the inverter to export to the grid. Loads running in the sub-panel,
will first use the power. If excess is available, it will then power the loads running in the main panel.
Once all sub-panel and main panel loads are satisfied, power will be exported to the grid. Only in the last
case will your electric meter spin backwards. This is most likely to occur at midday during sunny weather
when house loads are low and the PV power is high.

4. STAND ALONE (Std/Aln)
In this mode, the grid has failed (or is turned off) and the inverter is running the loads in the sub-panel
from either the PV power, the batteries, or a combination of PV and battery power.

The M5 automatically handles all of these modes to ensure properly charged batteries, and continuous
power to the back-up circuits. The following flow diagram explains how the M5 automatically switches
between these modes.

Grid Fail &
Fault
Grid OK = 5 min & '
PV PV Available Grid Fail &
Fauk | avaiiabie or Faul
Fault Cleared H
L]
]
L]
' Coniroller Power-up Grid 'I:3I| &
' or
_________ T I Inverter Reset after Fault Falull
'
. 1, "
Grld tD Grid Fail -=al
Grid Return &
Load Fault
Grid Fail
Grid OK

Fault

i el Ciperation
.‘— Fault
————  GridFail

aff--==c=== Grid Fail & Fault
Figure 4: Flow diagram of operating modes in grid connect applications

Copyright © 2004 Beacon Power Corporation. All rights reserved. Smart Power™ M5 page 12 of 54



Should a Hardware Fault occur, the M5 would analyze the fault and make sure that if at all possible, the
backup sub-panel remains energized. A permanent fault will automatically switch the M5 into Grid to

Load Mode, and cause auxiliary relay 3 to click on and off as well as the Run LED to blink red twice every
4 seconds.
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SYSTEM PLANNING

Before going into detailed installation instructions, the System Planning section will cover the necessary
theory and overview to fully understand the system capabilities of the Smart Power M5.

Location / Environment

The overall design intent of the M5 is to allow it to be installed indoors and outdoors. However some
considerations should be made before installation may begin.

Smart Power M5

The M5 may be located indoors or outdoors; its chassis is rainproof, and “lawn-sprinkler proof”, however,
locations exposed to frequent spraying water must be avoided. Hot locations, whether indoors or out, are
undesirable as they could cause unnecessary over-temperature shutdowns and reduced reliability.
Outdoors, avoid locations in direct sun; indoors, allow good ventilation and avoid closets or unventilated
utility rooms, unventilated sheds, and the like. For ventilation purposes allow minimum clearance of 6
inches on each side of the unit.

Since the unit is fan cooled, ambient air is drawn into the chassis, and the possibility for dust and
corrosion exists. In very dusty or salt air environments, indoor installation is desirable. Air is drawn into
the M5 chassis through the lower set of perforations on the side panels of the chassis, and discharged
through the upper openings. Care must be taken to allow at least six inches of free air space on both
sides of the unit. The cooling fans may require servicing or replacement in the future (average life of fans
under typical conditions is 10 years); thus, you should allow at least 17 inches of unobstructed space on
the left or right side, and 12 inches on top of the M5 in order to easily remove the fans.

In the ideal installation, the M5 would be located immediately adjacent to the AC distribution panel(s), the
(well-ventilated) battery bank, and the PV array string combiner(s).

The M5 weighs 120 pounds. The mounting bracket (see Figure 5) is designed to safely carry this weight.
It should be attached to a concrete or masonry wall with suitable anchors and bolts, or with lag screws
directly into the wall studs. In some installations, a section of ¥-inch plywood may be attached to the
wall, and the chassis attached to the plywood by means of lag or wood screws. For more information see
the section of this manual titted MOUNTING.

The lower compartment of the power unit contains circuit breakers and wiring points, and is legally an
electrical distribution panel. The NEC requires that there be three feet of accessible space in front of any
electrical distribution panel. The unit may be wired from the bottom of the chassis only. Wiring to the unit
must pass through conduit; metal conduit (EMT, rigid, or liquid-tight with metal jacket) is recommended to
improve Electro Magnetic Interferance (EMI) shielding.

For outdoor / wet environments, make conduit connections to bottom plate using raintight or wet location
hubs. These should comply with the requirements in the Standard for Fittings for Conduit and Outlet
Boxes, UL 514B.

Batteries

The DC wiring — particularly that which is connected to the battery bank — should be as short as possible.
It is recommended that battery wiring be kept to 5 feet to preserve the surge capabilities of the inverter
and reduce voltage drops. Under all circumstances, battery wiring must be 20 feet or less (one way). The
batteries must be housed in their own separately ventilated enclosure to protect the system from
corrosive gases and the explosion hazard caused by the release of hydrogen by the batteries. If possible
avoid installing the battery bank in outdoor locations where excessive heat or freezing may occur. This is
necessary to ensure long battery life. See battery manufacturer recommendations.
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String Combiner

One or more String Combiners (Beacon Power String Combiner is recommended) can be located either
near the PV array or next to the M5. When choosing the installation location for the string combiners, one
must consider that it should be accessible in case fuses or circuit breakers within the combiner need to be
replaced or reset. The combiner also acts as a means of disconnecting the PV array from the wiring to
the M5. If the combiner is located outdoors, it must have a properly rated outdoor enclosure.

Determining the proper location for the string combiner will be up to the installer. Locating the string
combiner near the PV Array will minimize the amount of wires running from the roof, but might make
checking the fuses or disconnecting the fuses difficult. Roof access may be required to troubleshoot the
array and to deenergize the wiring to the inverter. Locating the string combiner near the M5 requires all
PV Array strings to be wired to this location, while making PV module fuse or breaker disconnection and
inspection easier.

PV Input

The photovoltaic or PV array is the primary energy source for the M5 inverter. A PV array has varying
output that changes in two primary ways:
1) The current from the array increases with increasing intensity of the sunlight on the array;
and,
2) The voltage from the array decreases as the temperature of the array increases. These two
effects are central to understanding how the output of a PV array will vary throughout each
day, and how the output will change on a seasonal basis.

The orientation of the PV array will determine when the array will receive the most intense sunlight.
Generally, in the Northern Hemisphere, a PV array will be oriented to the south at a tilt angle of between
latitude and latitude minus 15 degrees (e.g. Los Angeles is at 34° North Latitude—typical tilt angles would
be between 34° to 19° from horizontal. Often orientations may not be facing exactly South due to a variety
of site constraints (roof orientations, tree shading, obstructions, etc...). The installer must be aware of the
impact that various orientations have on system performance. Array temperature is affected by intensity
of sunlight, the location (warm or cold region), and how the array is mounted (e.g. on a roof or on an open
rack)

Array Sizing

Properly sizing the PV array is critical for the proper operation of the M5. Below are the DC input
characteristics of the M5 inverter.

Max. Power 6000 Watts (real power, not STC)
Vdc Max Open Circuit: 110 vdc

Input Operating Range: 48 — 110 Vdc

Max. Operating Current: 100 Amps

Max. Array Short Circuit: 120 Amps

MPPT Low: 50 Vdc

MPPT Nominal: 60 Vdc

MPPT High: 85 vdc

The M5 is designed for a 48 Vdc nominal array input voltage. There are many different PV modules on
the market today, but the predominant PV modules are 12 Vdc and 24 Vdc modules. These voltages
represent the “nominal” module voltage. A 24 Vdc module will produce maximum power between 25-42
Vdc depending on how hot the module is. This means that the inverter will accept multiple of four, 12 Vdc
PV modules in series or two, 24 Vdc PV modules in series and have an operating voltage of between 50-
85 Vdc.

The maximum voltage is set at 110 Vdc to accommodate the open circuit voltage of the array at very cold
temperatures. On the coldest winter days in many areas of the United States, the maximum open circuit
voltage of a “48-Vdc” array can exceed 100 Vdc. The intention of the 110 Vdc maximum is to
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accommodate a 48-Vdc (four “12-Volt” modules in series, or two “24-Vdc” modules in series) array in cold
climates. Do not install a 60-Vdc array (five “12-Vdc” modules in series), as in cold conditions the open
circuit voltage will be higher than the allowable maximum of 110 Vdc. If this should occur, the charge
controller will not enable until the voltage drops to below 110 Vdc. Should voltages higher than 120Vdc
open circuit be attached to the PV input, the charge controller may be damaged. This will void warranty.
Please refer to the Beacon Power online string sizing tool for detailed string sizing calculations.

PV Input Calculations

The M5 has three separate 50A input overcurrent protection circuit breakers. Each circuit breaker can
accept up to 40 Amps of rated array short circuit current (Isc). Since the charge controller is internally
current limited the overcurrent protection according to NEC 690.8(B)(2) is required to be 125% of Isc.
Calculation: 50A / 125% = 40A of Isc. If the rated Isc of a module were 5 Amps at Standard Test
Conditions (STC), the M5 would allow 40A / 5A = 8 strings or less to be combined in parallel before the
combined output is connected to one terminal of the PV (DC) input.

Once you have determined how many strings you can connect into each input of the M5, it is important to
understand the total maximum PV power input of the M5. We recommend limiting the input to a
maximum of 6000 Watts of real input power. This is actual Volts times Amps = Watts of DC input. The
M5 is rated at 6000W, since this is the maximum amount of input power that will allow full 5kVA of AC
export.

Since PV modules are rated at Standard Test Condition (STC) output, the combined total STC power of
your array may seem to be greater than the above 6000 Watts of actual input. A PV module generally
has an output power of 70% of STC rated power. If the rated module power of a nominal “24-Vdc”
module is 150 Watts at STC, you may generally see 150W x 70% = 105W of power from this module.
Let's assume that the total combined input power after calculating each input's allowable number of
strings is 7200Watts STC, then you might realistically see 5040Watts of real input power. This value of
course depends on many variables, such as available light, cell temperature and cloud edge
enhancement. Should the array occasionally produce power levels above the amount of current the
charge controller can handle (100A), the M5 electronically limits the input power.

String Combiner

To connect multiple strings to each input terminal on the M5 DC input, you will need to use one or more
string combiners. A string combiner, connects a number of strings in parallel, protects each string with an
overcurrent fuse or circuit breaker and combines the strings into a single output. This output will then be
connected to one of the DC inputs on the M5. The overcurrent fuse or circuit breaker needs to be sized
according to the module being used. The Amp value of the overcurrent device needs to be higher than
125% x 125% = 156% times the short circuit current (Isc) rating of the solar module, and equal to or lower
than the maximum series fuse rating of the module. For example, if the rated short circuit current (Isc) of
a module is 5 Amps, and the modular fuse rating is 15 Amps, then the fuse should be between 5A x
156% = 7.8A and 15A.
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Backup Circuits

The key advantage of a battery-based PV system is the ability to accommodate multiple uses for the
inverter. Not only can the inverter convert clean, renewable photovoltaic energy into valuable electricity,
but the inverter can also be used to maintain electrical power to key electrical loads in a home or small
office when the grid fails. PV systems without batteries must shut down and disconnect from the utility
during power outages to prevent the energizing of electric circuits connected to the electrical distribution
system. Therefore a Smart Power M5 PV system presents an added feature of backup power and
utilization of the sun’s energy even when the grid has failed.

To provide power during a grid outage, the M5 has to first disconnect (anti-island) just like a PV system
without batteries. It then isolates the critical loads from the grid by opening the grid contactor. Finally, the
M5 reenergizes the system output to provide power to the critical loads. The M5 does this in just 32
milliseconds, providing seamless power operation for almost all types of loads, including most computer
systems.

To ensure that the M5 system will yield an adequate amount of time to back-up the critical loads, it is
important to keep these loads within the capabilities of the M5 output characteristics. The M5 is capable
of producing 5kW (42 Amps @ 120V) of continuous and up to 7.5kW (62.5 Amps) of surge power.

The critical load portion of the system is considered by the National Electrical Code (NEC) to be an
Optional Standby System covered by Article 702 in the NEC. This requires that all critical loads must be
wired into a separate sub-panel for connection to the standby output of the inverter.

NEC Article 702—Optional Standby Systems allows sizing based on supply of all equipment intended to
be operated at one time (NEC 702-5). This means that all the 120-Volt loads could be run off of a single-
pole 50-amp breaker from an optional standby system as long as the actual continuous load is below the
80% limit for continuous operation of a standard breaker (40 Amps).

Types of Loads:

It is extremely important that the installer works closely with the customer to prioritize the electrical loads
to run on the backup system. Most customers would prefer to operate all their electrical loads in the event
of a utility outage, but this is prohibitively expensive for most homes and offices. Developing a priority list
of electrical loads, along with detailed power consumption information for those loads, is of primary
importance for the proper operation of a backup system.

Loads like central air conditioning systems or electric water heaters and electric stoves typically consume
too much power to operate on a modest inverter system. Although these large electrical loads are not run
off backup systems, they are also loads that are generally less critical to the customer. Loads such as
lighting, entertainment, computers, and refrigerators consume much less power, but offer substantial
benefit during a power outage. This is why the priority list must include the need for the appliance in the
event of an outage as well as the power consumption of the appliance.

Detailed information may not be available on the power consumption of different electrical loads. When
this information is lacking, an alternative is to make actual measurements at the customer’s site. First, the
circuits must be identified that serve the most important loads. This can be done with the help of a circuit
breaker finder or by simply turning off individual breakers until the proper circuit is identified.

Design Considerations

The first design consideration is the total continuous load which could be applied to the critical load
sub-panel if all connected circuits were run at once. Should a combined total of 6000 Watts of load be
connected to the output of the system and all these loads run at the same time the system would be
overloaded and shutdown. When connecting loads to the critical load sub-panel it is important to follow
sound decision making to keep total power draw at levels supportable by the energy storage system. You
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may allow for some large standby loads provided that their operation time is limited, such as user
interactive devices like toaster ovens and microwaves.

Other types of loads in back-up circuits are essential and will start and run on demand without any human
interaction, examples include: refrigerator compressors, heating/cooling fans, and water and sump
pumps. Because it is possible for all these loads to be running at the same time the load calculation
should consider this situation, and total load power should be equal or less than the M5 output capability.
Your list should include basic lighting, communications, appliances pumps and motors which would likely
to be running at the same time. This calculation determines the continuous output requirements of your
inverter. The combined critical load continuous power draw should not exceed 5,000 Watts (42
Amps).

Full Load Design
Maximum Output Current: 42 Amps
Maximum Output Power: 5000 W

The second design consideration is the surge or inrush current demands of some loads. Many
electrical loads, and most especially motors, draw more current upon startup than when running. Many
motors will draw up to three times their rated operating current during startup. Determine which
appliances and other loads which might start up at once (refrigerator, water pump, etc.) and add their
rated inrush current(s) together. The combined critical load inrush power draw should be added to
the continuous power draw and not exceed 7500 Watts (62.5 Amps).

Surge Load Design
Maximum Output Current: 62.5 Amps <10 seconds
Maximum Output Power: 7500 W for <10 seconds

The third design consideration is the estimated operating time of each of the continuous loads. This
estimation is largely objective, and requires some input from the customer. Fill in the amount of time each
load runs in the “Hours” column. This value is the amount of run hours per 24 hour period.

How large of a load an inverter can support and how long it can run the load is determined by a different
set of variables and design considerations. How large is dependent on inverter size, how long is
dependent upon the amount of energy stored or available. The M5 always uses power from the PV array
to run loads during power outages, with any excess power routed to the batteries to recharge them for
evening use. When the sun is not shining or during the night, the power for the loads comes from the
batteries. Simply put, the larger the battery bank the greater amount of available energy storage to the
customer during power outages.
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Load Calculations

To make the load calculation and battery bank sizing simpler, please use the worksheet provided in the
Appendix. The spreadsheet in Excel format may be obtained by contacting Beacon Customer Service:
service@beaconpower.com. This section will use examples to explain the worksheet.

Battery Sizing Worksheet

Continuous | Continuous || Surge| Surge | Estimated

Load (Circuit) Amps Run Watts | Amps| Watts |Run Hours| Wh's| kWh's
Circuit 5: TV, Lights, Living

Room Outlets 6.00 720 0 4| 2880 2.88

Circuit 9: Refrigerator 4.00 480 12 1440 4] 1920 1.92
Circuit 14: Home Office, 2

Bedroom Outlets 6.00 720 0 2| 1440 1.44

Circuit 18: Furnace Fan 5.00 600 0] 4] 2400 2.40

0 0 0 0.00

1.5 HP Well Pump 9.32 1118.4 28 3360 0.5] 559 0.56

0 0 0 0.00

Misc system losses 0.63 75 0 0.5 38 0.04

Inverter Tare Loss 0.15 18 0 6] 108 0.11

Total: 31.10 3731 6933

Backup Loads in kW/h 9.34

Power Electronic Efficiency Factor 0.90

Backup Loads in kW/h| 10.38

Desired days of autonomy 0.5

Load battery must support in kW/h 5.19

System Voltage| 48.00

Load battery must support in Amp/h| 108.16

Allowable battery DOD(dept