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This Guide

The purpose of this Planning Guide is to provide explanations for designing a
Conext™ XW+ Multi-Cluster Power System using the Conext XW+ inverter/
charger and other power devices like the Conext TL, Conext RL, Conext CL,
Conext ComBox, MPPT Solar Charge Controllers and Balance of System (BOS)
components.

The Guide provides general planning information and design considerations. It
does not contain specific instructions on how to build a Multi-Cluster Power
System but rather it contains supportive information on design concepts.

The information provided in this guide does not modify, replace, or waive any
instruction or recommendations described in the product installation and owner’s
guides including warranties of Schneider Electric products. Always consult the
installation and owner’s guides of a Schneider Electric product when installing
and using that product in a Conext XW+ Multi-Cluster Power System.

For help in designing a power system contact your Schneider Electric Sales
Representative or visit the Schneider Electric website for more information at
http://solar.schneider-electric.com.

The Guide is intended for system integrators or engineers who plan to design a
Conext XW+ Multi-Cluster Power System using Schneider Electric equipment.
The information in this manual is intended for qualified personnel. Qualified
personnel have training, knowledge, and experience in:

e Analyzing application needs and designing PV-Hybrid Systems that include
a generator.

e Installing electrical equipment and PV power systems (up to 1000 V).

e Applying all applicable installation codes.

¢ Analyzing and reducing the hazards involved in performing electrical work.

This Guide is focused on the performance and design of Multi-Cluster Power

Systems. It is expected that the reader has prior knowledge of performances and

features of other Schneider Electric products which are installed and integrated
into the system. All of this information are found in the following documents:


http://solar.schneider-electric.com

About This Guide

e (Conext X\W+ Owner’s Guide: 975-0713-01-01 and 975-0240-01-01

e Conext XW+ Installation Guide: 975-0714-01-01 and 975-0239-01-01

e MPPT Charge/Controller Owner’s Guide: 975-0400-01-01 and 975-0560-01-01
e AGS Owner’s Guide: 975-0307-01-01

e Battery Monitor Owner’s Guide: 975-0691-01-01

e Xanbus Network Sizing Guide: 975-0646-01-01

e Multi-Unit Power System Design Guide: 975-0739-01-01

e AC Coupling Solution Guide: 976-0240-01-01

Organization
This Guide is organized into:
Chapter 1, “Introduction”
Chapter 2, “Electrical Architecture”
Chapter 3, “Design Concepts”
Appendix A, “AC Combiner Box”
Appendix B, “75 kVA Power Systems Wiring”

Conventions Used

The following conventions are used in this guide.

A A DANGER

DANGER indicates an imminently hazardous situation, which, if not avoided,
will result in death or serious injury.

AWARNING

WARNING indicates a potentially hazardous situation, which, if not avoided,
can result in death or serious injury.

A CAUTION

CAUTION indicates a potentially hazardous situation, which, if not avoided,
can result in moderate or minor injury.

NOTICE

NOTICE indicates important information that you need to read carefully.

Related Information

You can find more information about Schneider Electric as well as its products
and services at http://solar.schneider-electric.com.
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Introduction

Chapter 1 contains general information about:

e |ntroduction to Multi-Cluster Hybrid Power
Systems

e Typical Applications for a Battery Based
Hybrid Power System

e Multi-cluster Based Modular Power System
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Introduction

Introduction to Multi-Cluster Hybrid Power Systems

Cluster

Battery-based hybrid power systems have a huge potential to address the power
needs of remote communities or small-scale commercial facilities. Battery
storage as a central element in the power system allows many applications to:

e reduce dependency on diesel

e Utilize solar power

e provide backup power from unreliable grid and
e offset utility grid consumption during peak hours

The Conext XW+ Multi-Cluster Power System has been developed to enable a
system designer to build a modular power system using multiple Conext XW+
inverter/chargers and the family of Conext power conversion products and
accessories.

A cluster is a group of power conversion devices including battery-based
inverters that are connected in parallel to a common battery bank. For small to
medium sized power systems up to 36kVA, it may be possible to design a system
as a single cluster. But for systems with higher power ratings, it may be required
to build the system using multiple clusters to simplify balance of system (BOS),
performance, and redundancy.

Typical Applications for a Battery Based Hybrid Power

System

1-2

Power systems are generally categorized by how power is generated, stored,
used, and distributed in a specific application. The types of power systems that
are referred to in this guide are:

1. Village/Community Electrification - mainly residential dwellings isolated
from the utility grid with a local grid typically formed using a diesel generator
as a primary energy source. The goal is to reduce the dependency on the
diesel generator for power by storing energy in batteries and using battery-
based inverters to provide electricity allowing the diesel generator to be
turned off or down for maintenance. Solar energy can also be used to charge
batteries especially during seasons when sun exposure is strong.

2. Commercial Off Grid - mainly farms, long term seasonal resorts, or
“containerized” power systems. The goal is similar to community
electrification; that is to reduce dependency on diesel generators for power.

3. Commercial Grid Tie with Backup application - mainly buildings in urban
settings where the utility grid is available. The main goals are to mitigate the
effects of interruptions by ensuring continuity of electrical service during
brownouts and blackouts and to reduce utility grid consumption when the
price for energy is high. In jurisdictions where the utility company applies tier
pricing, solar energy that has been stored during the day can be used up
during peak hours.

975-0648-01-01 Rev B



Multi-cluster Based Modular Power System

Multi-cluster Based Modular Power System

A modular system is based on the concept of modular design where a whole
system is made up of individual components that are independent and self-
contained by themselves.

A multi-cluster based modular power system builds on the concept of modular
design where a 70 kVA capacity power system consists of smaller clusters that
can functionally exist on their own. Modules are known as bricks or clusters.
These clusters can either work collectively or individually to allow the whole
system to compensate for down times such as routine maintenance, emergency
repairs, and energy demand spikes.

For example, nine 8.5 kVA inverters in a modularized system of three clusters of
three inverters can do the job of a single 75 kVA industrial-sized inverter.

a cluster of PV inverters

SO PO PSP

balance of system
(BOS) module

«® O P

[= )
e O

A
A

gcluster of inverters with a “brick” is a module in the system like the inverter, a battery monitor, or a solid
its own battery bank state relay (SSR)

Figure 1-1 Multi-Cluster Modular Power System
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Introduction

Benefits of a Modular System

Reliability and redundancy - failure of one unit does not cause a total system
shutdown as with little re-configuration the system can be made to operate at
reduced capacity

Logistical simplicity — lighter weight products can be easily handled by two
people without special lifts are especially essential for installations in remote
areas

Simpler installation — modularity allows installations to be spread, grouped,
and wired easily

Reusability — the same bricks can be reconfigured in various system sizes
like: six X\W+ 8548 for 51kVA, and nine XW+8548 for 76.5kVA

Low voltage (48 V) battery banks — smaller modular bricks allow easy
integration of batteries at 48V which do not require separate rooms or
specialized training for high-voltage battery maintenance

Scalability — suitable for future expansion for allowing incremental scaling

Easy to replace — easy replacement of single units that may require repair or
service

975-0648-01-01 Rev B



Multi-cluster Based Modular Power System

Building Blocks of a Modular System

The following Schneider Electric power devices are the building blocks (also
called bricks) of a modular system.

Brick Description Product Number
Power Conversion Devices
Conext XW+ Inverter/Charger Conext XW+ 8548 E == 865-8548-61
North America (NA) and IEC Conext XW+ 6848 NA = 865-6848-01
Conext TL 8000 E e= PVSNVC8000
- | Conext TL three-phase Inverter
Conext TL 10000 E == PVSNVC10000
Conext TL 15000 E == PVSNVC15000
Conext RL Conext TL 20000 E == PVSNVC20000
single-phase
cccccccc | Inverter Conext RL 3000 E e= PVSNVC3000
. : Conext RL 4000 E e= PVSNVC4000
for IEC 230/400VAC
Conext RL 5000 E e= PVSNVC5000
R~ Conext MPPT 60 150 e= 865-1030-1
_ “} MPPT 80 600 Solar Charge Controller
Conext MPPT 80 600 == 865-1032
MPPT 60 150 Solar
Charge Controller

975-0648-01-01 Rev B 1-5
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http://solar.schneider-electric.com/product/conext-rl/
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http://solar.schneider-electric.com/product/conext-mppt-80-600/

Introduction

Brick Description Product Number
Monitoring and Communication Devices
Conext ComBox @2 865-1058
Conext Battery Monitor @@ 865-1080-01
Batt;y Monitor Power Meter Energy and Power Meters
e PowerlLogic PM8XXX e= e PMB8000
e EMB35XX e e EMB3500
SCP AGS e Acti9iEM32xx o o AIMEM3210-75
e PowerLogic PM5XXXeo |* PM5000
Conext SCP e= 865-1050-01
Conext AGS e= 865-1060-01
Balance of Systems (BOS)
Battery Fuse Conext Battery Fuse 865-1031-01
Combiner Box Combiner Box 250 e=
for IEC applications only
[Frfei-sl External Contactor TeSys F LC1F400FE7
= External Contactor @@
) TeSys K LADN22
OORO Auxiliary Contactor =
| solid State Relay Solid State Relay (SSR) e SSRDCDS20A1
External Transfer Switch for Single- TeSys LC1 4P Contactor @ LC1D80008MS
phase configuration LC1D80008UE
LC1D80008P7
LC1D80008M5
LC1D80008G6

1-6
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http://solar.schneider-electric.com/product/conext-combox/
http://solar.schneider-electric.com/product/conext-mppt-80-600/
http://solar.schneider-electric.com/product/conext-battery-monitor/
http://www.schneider-electric.com/en/product-range/62252-powerlogic-pm8000-series/
http://www.schneider-electric.us/en/product-range/61336-em3500-series-energy-and-power-meters/
http://www.schneider-electric.com/en/product-range-selector/61273-acti-9-iem3000
http://www.schneider-electric.ca/en/product-range/61281-powerlogic-pm5000-series/
http://www.schneider-electric.ca/en/product-range/61281-powerlogic-pm5000-series/powerlogic-pm800-series/?p_url=http://www.ops-ecat.schneider-electric.com/ecatalogue/browse.do%3fel_typ=product%26cat_id=BU_ED_918_L3%26prd_id=PM870MG%26scp_id=Z000%26xtmc=PM870MG%26xtcr=1
http://solar.schneider-electric.com/product/conext-mppt-80-600/
http://solar.schneider-electric.com/product/conext-system-control-panel-scp/
http://solar.schneider-electric.com/product/conext-system-control-panel-scp/
http://solar.schneider-electric.com/product/conext-mppt-80-600/
http://solar.schneider-electric.com/product/conext-automatic-generator-start-ags/
http://solar.schneider-electric.com/product/conext-automatic-generator-start-ags/
http://solar.schneider-electric.com/product/battery-fuse-combiner-box/
http://www.schneider-electric.com/products/ww/en/1500-contactors-protection-relays/1510-contactors-reversing-contactors/665-tesys-f/?p_url=http://www.ops-ecat.schneider-electric.com/ecatalogue/browse.do%3fel_typ=product%26cat_id=BU_POW_665_L3%26prd_id=LC1F265P7%26scp_id=Z000%26xtmc=LC1F265P7%26xtcr=1
http://www.schneider-electric.com/products/ww/en/1500-contactors-protection-relays/1510-contactors-reversing-contactors/665-tesys-f/?p_url=http://www.ops-ecat.schneider-electric.com/ecatalogue/browse.do%3fel_typ=product%26cat_id=BU_POW_665_L3%26prd_id=LC1F265P7%26scp_id=Z000%26xtmc=LC1F265P7%26xtcr=1
http://www.schneider-electric.com/products/ww/en/2800-interface-measurement-control-relays/2810-automation-relays/532-zelio-relay/?p_url=http://www.ops-ecat.schneider-electric.com/ecatalogue/browse.do%3fel_typ=product%26cat_id=BU_AUT_532_L4%26prd_id=SSRDCDS20A1%26scp_id=Z000%26xtmc=SSRDCDS20A1%26xtcr=1
http://www.schneider-electric.com/en/product-range-selector/664-tesys-d/?p_url=http%3A%2F%2Fwww.ops-ecat.schneider-electric.com%2Fecatalogue%2Fbrowse.do%3Fel_typ%3Dproduct%26cat_id%3DBU_POW_664_L3%26prd_id%3DLC1D80008M5%26scp_id%3DZ000&xtmc=LC1D80008M5&xtcr=1

Multi-cluster Based Modular Power System

Brick Description Product Number
® o Conext XW+ Power 865-1015-01
For UL™-certified applications only L .
Distribution Panel (PDP) e=
. Conext XW+ PDP Without AC | 865-1014-01
Breakers ==
i
Conext Three-Phase Breaker | 865-1315-01
Kit for X\W+ PDP e=
Conduit Box PDP
Commissioning and Configuration Device
Conext Configuration Tool Configuration device and 865-1155-01

975-0648-01-01 Rev B

program

Important: This is not an exhaustive list. You may find some components in the
following illustrations and wiring diagrams which are not listed in the table.
Please go to http://solar.schneider-electric.com for more information and connect
with a Schneider Electric professional who will be able to provide further
guidance, advice, and recommendations about the power system you are

planning to build.
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Electrical
Architecture

Chapter 2 contains information about:
e The Difference Between DC Coupling and
AC Coupling

e Choosing Between AC, DC, or Hybrid
Coupling
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Electrical Architecture

Introduction

The electrical architecture for Conext Multi-Cluster Hybrid Power Systems refers
to the electrical connection of the various components and the choice of
components to be used in building the system. The selection of the electrical
architecture is based on analyzing the loads, the need for energy storage, and
the capacity of installed PV, while optimizing capital and operational
expenditures.

Related to this, one important decision regarding the electrical architecture is the
choice on how to integrate the installed PV into the power system. A choice has
to be made between:

e DC-Coupled system (also known as DC coupling)

e AC-Coupled system (also known as AC coupling)

e Hybrid-Coupled system (also known as hybrid coupling)

The decision to integrate PV into the system is important in system design
because it directly affects the selection of power conversion devices for the PV,

the choice of balance of system (BOS) components and affects system behavior
during abnormal conditions.

The Difference Between DC Coupling and AC Coupling

2-2

In a battery-based hybrid power system solar energy can be integrated through
the use of either a PV Inverter or an MPPT Solar Charge Controller. When a PV
inverter is used, the AC (PV Inverter AC Output) is wired to the AC Load terminals
of the battery-based inverter which is why this method is called AC coupling. DC
coupling, on the other hand, uses an MPPT Solar Charge Controller which
provides DC power and is wired to the battery bank and DC terminals of the
battery-based inverter.

Both technologies convert power through single-stage power conversion. For
example, the PV Inverter converts from DC to AC and the MPPT Solar Charge
Controller from DC to DC. Typical efficiency for both device types are
comparable. However, there are several factors which could influence the choice
between the two architectures, namely:

e how much energy is consumed during the sunny hours of the day

¢ the location of PV modules and “racking”

* integration with existing energy sources and equipment

See the illustration on “AC-Coupled versus DC-Coupled Residential Power
System” on page 2-3.

975-0648-01-01 Rev B



‘AC

AC-Coupled System

NOTE: AC-Coupled systems are not
typical in a single home residential
grid-interactive backup system. The
illustration is intended to show the
difference between DC and AC
coupled systems.

DC-Coupled System

Figure 2-1 AC-Coupled versus DC-Coupled Residential Power System

975-0648-01-01 Rev B

The Difference Between DC Coupling and AC Coupling
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Electrical Architecture

Choosing Between AC, DC, or Hybrid Coupling

24

Unlike the utility grid which can continually provide energy to supply the power
needs of a large group of consumers, a localized off grid system or grid tie
backup system must be more attuned to the power needs of a smaller subset of
power consumers. Building a local power system, whether off grid or grid tie, is a
big investment. Before building a local power system and deciding which type of
coupling is best such as by AC, DC, or a hybrid of both, there are other things to
consider aside from the financial cost. Factors like intended use, performance,
ease of installation, reliability, and size are also needed to aid in choosing the
appropriate type of electrical coupling.

The following factors influence your choice between DC, AC, or hybrid coupling:

e |oad profile

* |ocation

e usage ratio of peak PV kilowatts to peak load kilowatts
e other available energy sources

e retrofit (upgrade) or new installation

e system size

e application of peak load shaving

975-0648-01-01 Rev B



Choosing Between AC, DC, or Hybrid Coupling

Analyzing the Load Profile

975-0648-01-01 Rev B

The load profile is typically a snapshot of the power needs and energy usage
during a 24 hour period. It provides two valuable information, the peak load on
the system and when it happens, total energy usage per day, and how much
coincides with the sunny hours of the day.

The following graphs show different load profiles in two different applications.
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Figure 2-2 Remote Community in South East Asia®

a.Source: Renewable Energy Option for Sustainable Rural Electrification in Indonesia, Chayun Budiono

In Figure 2-2, 80% of the energy is used during peak times for four hours
between 17:00 to 21:00 and 12% during non peak times for 20 hours. Figure 2-2
shows a graph of a typical remote residential community which consumes a
majority of energy during the evening hours. Collectively, the lights are a major
load and some loads are basic electronics such as TV and radio. In such a
community electrification project, the load profile does not coincide with the
sunny hours of the day (from 8:00 to 17:00). Therefore, all the energy that will be
consumed later must be stored in batteries initially by harvesting solar energy
during day time. If a DC-Coupled configuration is chosen, the energy is stored
into batteries in a single stage conversion. And, if an AC-Coupled configuration is
chosen, the energy will have to be converted to AC and then again from AC to
DC by the battery inverter. This results in two stages of power conversion which
is a less efficient process.

In contrast, Figure 2-3 shows a commercial installation such as a hotel resort
which consume more power during the day and decreasing as day turns to
night. The load-profile coincides with the sunny hours (from 8:00 to 17:00) of the
day. In this case, if an AC-Coupled configuration is chosen, the energy harvested
from the PV is directly converted to AC and used by loads which results in a
single stage conversion. If a DC-Coupled configuration is chosen, the energy is
converted from the PV to batteries and from batteries to the loads, resulting in a
less efficient two stage conversion.
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Electrical Architecture
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Figure 2-3 Hotel Resort in Africa?

a.Source: VoltZon Vamizi Island Resort

Analyzing load profiles such as these helps in determining what coupling system
is appropriate to optimize hardware selection and thereby capital investment.
See “Power Ratings of the System” on page 3-3.

Examining the Location

2-6

The locations of the electrical room where the batteries are stored and where the
PV is installed play a significant role in choosing between a DC-Coupled and AC-
Coupled system. For example, if a community or resort desires to install PV but
wants to leverage the roof space of each villa or home and reuse the AC
distribution network, an AC-Coupled system will simplify installation, wiring, and
BOS. However, if the PV can be installed at a distance but co-located, DC or AC-
Coupled systems should be considered.

It is typically thought that if PV arrays were located at a distance of more than
20 meters away, this made a compelling case for using an AC-Coupled system
to avoid running higher gauge PV wires. This case point is outdated and only
applicable when comparing DC-Coupled MPPT chargers that accept 150 to
200 VDC inputs with PV Inverters that accept up to 600 to 1000 VDC. Newer
models of MPPT chargers like the Conext MPPT 80 600 Solar Charge Controller
can accept higher voltage strings and can benefit from the same reduced BOS,
just like the PV inverters.

Generally speaking, the benefits of an AC or DC-Coupled system are the same
when the capacity of the power system is less than 40 kilowatts (kVA). When the
capacity exceeds 40 kVA then an AC-Coupled system is advised when the PV
array is located away from XW+ inverter and battery. However, in case of AC
coupling with a generator, a provision shall be made to install a disconnect
device to protect the generator from being back fed by the AC PV system.
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Choosing Between AC, DC, or Hybrid Coupling

Studying Usage Ratio of Peak PV kilowatts to Peak Load kilowatts

Example

If loads are to be operated continuously for 24 hours such as a pumping station
but PV energy is only available for an average of six hours, the PV array peak
power capacity has to be sized more than four times the average load demand in
order to store enough energy for non-sunny hours.

A relay station in the Middle East is converted to solar powered instead of diesel
run to save cost from refueling and periodic maintenance of the diesel generator.
The base load is about 4.5 kVA during daytime and peak load is about 6 kVA at
nighttime for a total daily consumption of 120 kVAh. However, the PV is available
only for six hours each day. Therefore, all the energy needed daily should be
harvested and stored during daytime for later use at nighttime. A PV array size of
24 kVA is required to harvest all energy and store the surplus not drawn by the
4.5 kVA daytime load. In such a system, the ratio of PV kVA to peak load kVA is
24 10 6 (that is, 4 times). If an AC-Coupled solution is used, a 24 kVA PV inverter
is needed and an equivalent 24 kVA battery inverter is also needed to convert
and store the PV energy into the batteries. On the other hand, a DC-Coupled
solution where the MPPT chargers could be sized to 24 kVA while the battery
inverter is sized to 6 kVA peak load, there is already cost savings on the extra
equipment as well as efficiency from a single stage power conversion process.

Integrating with Other Energy Sources

Often there is a need to integrate more than one energy source to complement
the PV such as wind, micro-hydro, or biogas plants. It is important to identify the
characteristics of other energy sources, most significantly, these two aspects:

e generated power is capable to be DC-Coupled or AC-Coupled

¢ type of regulation available if DC-Coupled (load-diversion controller) or AC-
Coupled (frequency shift power injection)

Integrating Grid and Backup Generator

975-0648-01-01 Rev B

The XW+ inverter/charger has two AC ports which allow for integrating two AC
sources as grid forming devices in the power system. When an external
contactor scheme is used (see “External Contactor” on page 3-4) to achieve
higher pass-through capacity, an external source changeover mechanism is
required to switch the AC source from grid to generator.

When the grid (or backup generator or loads) causes the power systems' AC
voltage and frequency to be distorted or to fluctuate, it is recommended to avoid
an AC-Coupled system since the PV inverters coupled to the AC bus use this
voltage and frequency as a reference to couple and produce power. In such a
case, poor quality voltage and frequency may result in reduced energy
production from the PV.

When sizing a generator for the power system, it is recommended to choose a
minimum size that is more than the power rating of the loads including the power
rating for charging XW+ system.
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Electrical Architecture

Choosing Retrofit or New Installation

Existing Installation

New Installation

Grid-interactive or
smart grid systems

Consider system size and type when deciding which coupling system to
implement. Here are some examples:

For an existing commercial installation with grid-tie PV, adding a battery inverter
results in an AC-Coupled system.

If the new battery-based system is for a commercial grid tie backup system and
is a candidate for FIT, then you can consider choosing either an AC-Coupled
system or DC-Coupled system. If the loads coincide to the sunny hours of the
day, an AC-Coupled system may be suitable. Note that in applications where grid
outages happen more frequently, the battery inverter may not be able to regulate
the power of the PV inverter by using the frequency shift method since the PV
inverter profile would be locked to the country code and anti-islanding scheme
for the country. There are several ways to tackle this challenge. One is by
installing an external anti-islanding protection switch and configuring the PV
inverter for off grid mode or by isolating the PV inverter completely during a grid
outage. Alternatively, a DC-Coupled system can be used especially if the
objective is to store the energy during daytime to offset consumption during the
nighttime hours.

Grid-interactive and smart grid backup systems do not necessarily sell power
back to the grid. These power systems are prioritized to self-consume the energy
they produce.

If the new system is a commercial grid-interactive backup system and is under a
tiered two-part tariff program with a utility grid operator, then consider a DC-
Coupled system. Consider the same when your goal is for self-consumption and
selling to the grid is not a priority.

Xanbus Network Size

The Xanbus network which is based on CAN bus communication protocols
interconnects the various Conext and/or Xanbus-enabled devices. The Xanbus
network allows communication between the devices but has limited bandwidth in
regards to the amount of data that can be exchanged through it.

As a result, when designing a power system that is interconnected via a Xanbus
network, always follow the guidelines recommended in the Xanbus Network
Sizing Guide (document part number: 975-0646-01-01). Ignoring the
recommendations may yield an unreliable system.

Accessories for a Multi-Cluster System

2-8

When used with a Multi-Cluster system, the Conext SCP shall only be used to set
the system in operating or standby modes. It shall not be used for device
configurations. Use the Conext Configuration Tool for commissioning and
configuring the larger Multi-Cluster system.
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Design Concepts

Chapter 3 contains information about:

e Power Ratings of the System

e [External Contactor

e Multiple Battery Banks

e Multi-Cluster Power System Architecture

e 76.5 kVA Off Grid System for IEC using AC-
Coupled PV

e 64.8kVA Grid Tie with Backup System using
DC-Coupled PV
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Design Concepts

Introduction

3-2

A Conext Multi-Cluster Hybrid Power System possesses an electrical architecture
with a few vital components and inverter/charger behaviors which are unique to a
multiple unit system and differs significantly from single unit operation.

Understanding these behaviors during the early design stage helps in making
informed decisions. The following design concepts are discussed:
e Ratings of the system (see page 3-3)

e External contactor and power conversion through a single AC-port (see
page 3-4)

e Multiple battery banks (see page 3-9)
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Power Ratings of the System
Power Ratings of the System

Sizing and selecting the number of modular battery inverters necessary to build
a hybrid system is an important first step in the system design after analyzing the
load profile (see “Analyzing the Load Profile” on page 2-5). The following tables
of XW+ cluster power ratings will assist you in determining the power capability

of your Conext XW+ Multi-Cluster System.

Table 3-1 Three-Phase Conext XW+ Multi-Cluster System Power Ratings IEC

XW+ 8548 model
. continuous (kVA) peak Grid-Sell
XW+ Unit (KVA) (KVA)
@25C @40C @25C
(30-min)
3-unit 20.4 18.0 255 18.0
6-unit 40.8 36.0 51.0 36.0
9-unit 61.2 54.0 76.5 54.0

EQUIPMENT SETUP HAZARD

When designing a multi-cluster system, use the same XW+ model for all
clusters. Itis not advisable to mix and match XW+ models. For example, to get

a 65kVA system @ 40 C, do not combine a 6-unit XW+ 8548 with a 6-unit XW+
7048.

Failure to follow these instructions can result in equipment damage.

Table 3-2 Three-Phase Conext XW+ Multi-Cluster System Power Ratings NA

XW+ 6848 model

XW+ Unit continuous” (kVA) peak’ Grid-Sell”

(kVA) (kVA)

@25C @40C @25C
(30-min)

3-unit 17.2 21.6 17.2
6-unit 34.5 43.2 34.5
9-unit 51.8 64.8 51.8

* Continuous and grid-sell power in a three-phase multi-cluster system for North American
models are limited by the 80% breaker derating rule of NEC when using a 60A breaker nec-

essary to be used with all XW+ models. Peak power is limited by the trip characteristics of
a 3P-60A QOU breaker.
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External Contactor

In a multi-cluster system an external contactor replaces the function of the
internal transfer relays in the XW+ units thereby allowing for higher system power
levels. The reason for that is that in a system with multiple units in parallel on one
phase, using the internal transfer relays pose two main challenges, namely:

e itis not possible to ensure equal sharing of current through the parallel relays
in a pass-through mode (when a generator or grid is available) as circuit
impedances vary among the units, thus introducing the possibility that an
upstream breaker on any one of the inverters may trip

e itis not possible to achieve an exact synchronized transfer of all the
individual relays, introducing the possibility that the contacts of the last relay
to open, when under heavy load will be damaged

The challenge is presented in the second scenario in the illustrations below.

Second Scenario
Bad AC from the source is detected and the
inverter switches to battery power by opening
all internal transfer relays.

First Scenario
Loads demand 20 kVA. When good AC is
detected, the inverter switches to AC pass-
through closing all internal transfer relays.

master unit master unit
N ouT N ouT
AC2 ACO AC2 ACO

each unit would
share 29 A of the
total incoming
current of 87 A on
a 230V system

good \

|

AC
Interface
Board

all internal
transfer relays
close to let AC
pass through to
the loads

loads

AC

Interface.
Board

AC
Transformer|

> 20 kv

NOTE: XW+ internal transfer relay rating = 60 A

allinternal transfer relays
open

loads

bad A

> 20 kv

this last transfer relay
may open while passing
the full 87 A current
through it creating a
potential for a welded
relay

Figure 3-1 Internal Transfer Relay Limits

In the second scenario of Figure 3-1, an external contactor is used when the
power system cannot rely on the performance of individual internal transfer
relays of parallel XW+ inverters. If the internal transfer relays are welded, that can
cause permanent damage to the product and affect the whole power system.

When to Use an
External Contactor
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External Contactor

An external contactor should also be used instead of internal transfer relays
when it can be determined in the planning stage that the transfer capacity per
phase of a power system will exceed that of the inverters’ individual internal
transfer relay rating. For example, when six X\W+ 8548 inverters are configured in
three-phase configuration with two units per phase in parallel to power 36kVA
loads, the calculated current per phase is 52A. This is lower than the transfer
relay rating of 60A of a single XW+ inverter. Therefore, it is considered safe to rely
on the internal transfer relays. However, nine XW+ 8548 inverters which are
configured in three-phase configuration to power 50kVA loads have a calculated
current per phase of 72A. This calculated value puts it above the internal transfer
rating of 60A. Therefore, in this case the use of an external contactor is
recommended.

The XW+ units can be configured to operate using an external contactor by
running the Multi-Cluster configuration wizard on the Conext Configuration Tool.

NOTICE

CONFIGURATION SETTING HAZARD

Enable the External Transfer setting only in conjunction with the use of an
external contactor for a three-phase system and not a single-phase system.

Failure to follow these instructions can cause equipment damage.

Using an external contactor has advantages such as:

e it enables a system pass-through capacity higher than the limits of the
internal transfer relay ratings

e it simplifies electrical wiring because all power conversions from inverting,
charging, and grid-selling happen through a single AC port

With an external contactor, the loads are wired to an AC bus to which the XW+
units are also connected. The generator (or grid) source is connected to the AC
bus through an external contactor. The loads are powered through the XW+ units
when the contactor is open. When an AC source is qualified, the external
contactor closes and the XW+ units go into charge mode while the loads are
powered from the AC source. For an illustration, see Figure 3-2, “External
Contactor Behavior” on page 3-6.

Additional details on the use and limitations of using an external contactor can be
found in the Multi-Unit Power System Design Guide: 975-0739-01-01.
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Application

3-6

Loads demand 20 kVA. When good AC is detected, the
inverter closes the external contactor.

master unit

A

loads
> 20 kv

A

F 3

good ! |
AC

NOTE: XW+ internal transfer relay rating = 60 A

Figure 3-2 External Contactor Behavior

The next illustration on Figure 3-3 on page 3-7 shows how an external contactor
is wired between an AC source such as grid (or generator) and XW+ multiple unit
systems. The three XW+ inverters, configured as Phase Masters of L1, L2, and
L3 respectively, are responsible for qualifying and synchronizing the voltage,
frequency, and phase before the external contactor is closed. Whenever the
voltage, frequency, or phase of the incoming AC source is found to be out of
range, the AC source is disqualified and the external contactor is opened.

In multi-cluster mode, only one AC input port is used for power flow. For Master
units, the AC2 input port (GEN (AC2)) must be used and for Slave units the AC1
input port (GRID (AC1)) is used. Only the inverter/charger units configured as
Masters require an additional voltage sense line on the AC2 input port (GEN
(AC2)). See Figure 3-3, “Typical Three-Phase Application Wiring for Master
Devices” on page 3-7 for wiring information.

Master Slaves

AC1 ports used for grid/genset voltage used for power flow
sensing and synchronization

AC2 ports used for power flow not used
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External Contactor

The external contactor is controlled by the L1 Master (also known as Phase-1
Master) XW+ using its AUX port terminal. Since the driving amps needed to
trigger the coil of an external contactor could range up to 20 A, an intermediate
Solid State Relay (SSR) is needed as shown in Figure 3-3. The AUX port typically
provides a 12 V signal to the SSR which then provides 120/230 VAC to the
contactor coil. To ensure a fail-safe system, an auxiliary contactor is installed
alongside the external contactor to enable the system to monitor the state of the
external contactor.

auxiliary
contactor
bypass

external contactor switch

solid state relay (SSR)

L1-Master L2-Slave 13-Slave Il
—_— >
—_— —_— —_—
ceepe] =—— ||leegsee] =—— | e ———> A D
NN = il —=—= | IL ~ /E/
u| L1 ‘Aﬁ—!—WH L2| L2 ] L3| L3
] | |
- T TN T ===
t===4 AC load
panel
— — — — AC1 used for voltage sensing AC breaker
AC2 used for AC input and output O AC bus

Figure 3-3 Typical Three-Phase Application Wiring for Master Devices
The drawbacks of using an external contactor are:

e since an external transfer is used, the two AC input ports of the XW+ cannot
be used to directly integrate two different AC sources. To overcome this
limitation it is recommended to use an external source changeover system.

e features such as peak load shaving and generator support rely on the
internal current sensors of the XW+ to sense the difference between current
draw from the grid/generator and current flow to the loads which is now not
possible in this scheme.
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3-8

NOTICE

EQUIPMENT TYPE HAZARD

The transfer time for the external contactor to close or open is not seamless
and could cause devices that are susceptible to a short period brownout to go
through a power cycle.

Typical transfer times for when the external contactor closes is less than 100
milliseconds while when it opens is less than 200 milliseconds depending on
the size of the external contactor. A hybrid multi-cluster system when primarily
installed for backup applications in a commercial facility cannot replicate the
functions of an online UPS (uninterruptible power system) device. Therefore,
installing a properly rated UPS device for sensitive electronics is still
recommended.

Failure to follow these instructions can result in equipment damage.
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Multiple Battery Banks

Multiple Battery Banks

Why set up
multiple battery
banks?

975-0648-01-01 Rev B

Many battery manufacturers recommend that in general, lead-acid based deep
cycle batteries in a power system must be configured to a maximum of three
battery strings in parallel. This physical limitation is based on a combination of
hardware constraints, chemistries, and present technology.

Individual batteries come standard in 2-, 4-, 6-, and 12-voltage ratings with
various amp-hour capacities. For systems requiring large storage capacity, 2 V
cells are preferred which come typically in 1000Ah, 1500Ah, up to a maximum of
3000Ah capacities. Sizes up to 1500Ah are easily available and preferred.

Design Scenario 1  Single 300 kVAh battery bank for a 48 V three-phase power
system

300 kVAh @ 48 V is ~6000 Ah battery bank using readily available 2 V 1500 Ah
batteries which requires four parallel strings of 24 batteries each. A single battery
bank of four strings is difficult to install and equally difficult to maintain.
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Design Scenario 2 Multiple battery banks for a 48 V three-phase power system

Whether single battery bank or multiple battery banks, 96 pieces of 2 V 1500 Ah
batteries are needed to create a 300 kVAh @ 48 V system. In design scenario 2,
the batteries are split into two 3000 Ah capacity battery banks. Three XW+
inverters are configured so that each have their own battery bank.
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Advantages of a
multiple battery
bank setup

Behavior of
multiple battery
banks

Splitting the battery banks into groups provides several benefits in the form of
simpler installation (see 1) and improved battery performance (see 2).
1. Simplified Installation

e since a fewer number of strings are paralleled, the necessary combiners,
cables, fuses and short-circuit protectors are of lower current (amps)
ratings which make them easier to install and source

e physically, the battery banks can be spread out

e allows scaling a system of three XWs to add another three XWs but not
mixing the old and new battery banks

2. Improved Battery Life and Performance

e better charging of batteries because charging state transitions are
coordinated between fewer parallel strings

e currents are better shared with fewer strings, thus realizing a better
charging and discharging of the battery bank and avoids one string over
exercised than the other

NOTICE

BATTERY INSTALLATION AND SELECTION HAZARD

Always consult individual battery manufacturers for specific information details
about battery brands, ratings, configuration, and installation requirements.

Failure to follow these instructions can result in equipment damage.

When multiple battery banks are used in a system, each of the XW+ and MPPT
units connected to the battery bank needs to be programmed via “DC
Association”. Certain operations of charge-state-synchronization, temperature
compensation, and battery faults are localized to devices connected to a battery
bank.

Charge State Synchronization In a multiple battery bank setup, individual
battery banks may not transition between charge states in a synchronized
manner, thus requiring each bank to be treated individually. Therefore, devices
will synchronize charge states only among the devices connected to that battery
bank. For example, two battery banks are charging from the connected MPPT
units. Battery Bank 1 is in bulk stage while Battery Bank 2 transitions to
absorption stage by receiving more solar power from the connected MPPT units.

Temperature Based Compensation In large storage systems, the
temperatures of battery cells can vary significantly between battery banks
especially when the batteries are spread out. Therefore, XW+ and MPPT units
compensate the charging voltage based on the highest temperature reported for
the battery bank to which they are physically connected.

Fault Detection When a battery-related fault is detected in the system, only
those XW+ and MPPT units that are connected to the battery bank will stop
power conversion and enter into a fault state. Meanwhile, the rest of the system
continues to operate.

975-0648-01-01 Rev B
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Multiple Battery Banks

Energy Balancing1 With multiple battery banks, it is very likely to have the
batteries diverge in state-of-charge after cycles of charge and discharge. This
effect is compounded in DC-Coupled systems where the solar energy harvested
by MPPT units which are connected to one battery bank is more than the others.
Therefore, it is important to balance the load share between the XW+ inverters
proportional to the energy stored in the batteries to which they are connected, so
as to avoid a premature start of the generator. This can be achieved by enabling
the Energy Balancing feature in the Advanced Settings of the XW+ unit.

NOTICE

BATTERY SETUP HAZARD

It is recommended to use separate battery banks when the number of battery
strings in parallel is more than three or when the system is being scaled to a
higher power system by adding inverters and battery storage.

Failure to follow these instructions can result in equipment damage.

1.The Energy Balancing feature is available only when each battery bank is monitored by a Con-
ext Battery Monitor. Without the battery monitor, the XW+ system cannot know the state-of-
charge (SOC) of each battery bank and adjust the discharge power accordingly.
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Multi-Cluster Power System Architecture

Multi-Cluster power systems using XW+ units can be configured for North
American (UL®,120/208V) or the rest of the world (IEC, 230V) installations.
Applications can be either Off Grid or Grid Tie and each application can be
either AC-Coupled, DC-Coupled, or hybrid AC-DC Coupled system. All in all,
there are nine possible configurations as shown below. The last column shows
the featured examples in this guide as reference points to explain the design

concepts.

Standard

Application

Architecture

Featured Examples

IEC

Off Grid

AC-Coupled

Island Hotel Resort

DC-Coupled

Hybrid

Grid Tie

AC-Coupled

DC-Coupled

Hybrid

uL®

Off Grid

AC-Coupled

DC-Coupled

Hybrid

Grid Tie

AC-Coupled

DC-Coupled

Commercial Backup

Hybrid

The example for an IEC Off Grid AC-Coupled Architecture is an island hotel
resort power system (see Figure B-1, “76.5kVA Off Grid System for IEC using AC-
Coupled PV Wiring Diagram” on page B-3).

The example for a NA Grid Tie with Backup DC-Coupled Architecture is a mid-
sized commercial backup power system (see Figure B-2, “64.8kVA Grid Tie with
Backup System using DC-Coupled PV Wiring Diagram” on page B-4).

In both configurations an external contactor is employed and nine XW+ units are
used. The nine XW+ inverter/chargers are divided into three clusters of three
XW+ inverters. The first group is the master cluster and the succeeding groups
are slave clusters. One of the XW+ units in a cluster represents L1, the second
L2, and a third L3 in a three-phase system.
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Off Grid AC-Coupled Architecture Theory of Operation

There are four modes that typify a full day of operation in an Off Grid AC-Coupled
Architecture. They are:

¢ No PV Available - this mode is characterized by charged up batteries
supplying power to the loads. Battery energy continues to be depleted.

e PV < Loads - this mode is when both batteries and the PV inverters are
supplying power to the loads.

e PV > Loads - this mode is when the PV inverters are supplying power to the
loads while recharging the batteries.

e Generator Start - this mode is characterized by batteries that continues to
supply power to the loads but eventually triggers the generator to start. The
generator supplies power to the loads and recharges the batteries.

NO PV AVAILABLE: The external contactor is open. The loads are drawing power from the batteries. The PV
Inverters are dormant.

=T

59 2o 06

external

[

During this mode the loads draw power from the batteries.
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PV kVA < Load kVA: The external contactor is open. The loads are partly drawing power from the batteries. The
PV Inverters are also partly supplying power to the loads.

e

N
N

~—

24HOUR
9 CLOCK.

o

external -0 =
contactor | ] |

The external contactor remains open. Meanwhile, as PV becomes more available during the day, demand
from the loads is continuously met but the batteries slowly get depleted.

PV kVA > Load kVA: The external contactor remains open. The PV Inverters harvest more power and start to
charge the batteries while also supplying power to the loads.

—
24 HOUR
E 9 CLOCK

external
contactor | 1 |

When the batteries reach absorption stage, the XW+ shifts the output frequency to control the output power from
the PV Inverters: to provide only the necessary power to the loads, go to absorption charge state and transition

to float.
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Multi-Cluster Power System Architecture

Generator Start: This mode is usually started while the loads continue to draw power from the batteries. The
generator is engaged when battery energy runs low. AC is qualified before closing the external contactor. When
qualified AC is detected, the external contactor closes. The loads are drawing pass-through AC power from the
generator and at the same time the batteries are being charged. The charging status transitions from bulk to
absorption, then to float. The PV Inverters are dormant.

24 HOUR
CLOCK

i
i
i

external o
contactor

Eventually, when the batteries have been recharged, the external contactor opens and the generator is
disengaged. The loads draw power from the batteries. The PV Inverters remain dormant.
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Grid Tie with Backup DC-Coupled Architecture Theory of Operation

There are three modes that typify the various operations in a Grid Tie with Backup
DC-Coupled Architecture that is also configured for grid support.

e No PV Available, Grid Available - this mode is characterized by the grid
powering the loads directly. Batteries may be charged from the grid, if the
gird is configured as a charging source.

e PV Available, Grid Available - there is a surplus of solar energy that cannot
be stored in the batteries. The surplus energy is used to power the loads and
offset consumption from the grid.

e Grid Outage - the inverters are powering the loads from the batteries.

No PV Available, Grid Available: The external contactor is closed. The loads are drawing power from the utility
grid. The batteries are being charged from the grid.

=l

24 HOUR
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external
contactor
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During this mode the external contactor will only open when bad AC is detected or when grid power becomes
unavailable such as a brownout or blackout.
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PV Available, Grid Available: In this mode, at the beginning of the day the MPPT units charge the batteries in
bulk mode while the XW+ inverters remain idle. When the charging state transitions to absorption mode, the XW+
inverters start to export surplus PV power that cannot be stored in the batteries. The exported power are self-
consumed by the loads and if the exported power is more than the loads can consume then it is routed to the grid.
The power that is exported to the grid is always proportional to the power that the MPPT units (connected to same
battery bank) are harvesting. So, if PV power is reduced, exported power is also reduced. This avoids batteries
from cycling which instead is kept fully charged and readily available when a grid outage happens.

Note: This operation is possible only when the XW+ units are configured to Enhanced Grid Support mode or else
they can be configured to sell power based on a fixed battery voltage setting and/or between fixed hours of the
day. Please refer to the XW+ Installation and Owners Guides for details. The Enhanced Grid Support feature
requires that the XW+ and MPPT devices are on the same Xanbus network. For systems with a split Xanbus
network, this feature is not possible.

Peak load time

external
contactor

====1 limited current
‘Z(‘ — | =
.——>
]
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Grid Outage: In this mode, the external contactor is opened and the loads are powered by the XW+ inverters with
energy stored in batteries. The system operation is similar to that of an off grid system. When grid power is restored,
the XW+ Master cluster qualifies the incoming AC and closes the external contactor. Loads are powered from the
grid again.

975-0648-01-01 Rev B 3-17



Design Concepts

Multi-Cluster Power System Limitations and Behavior

SCP

AGS

ComBox / Insight

XW+

These SCP settings are affected when the SCP and several XW+ units are
connected in the same Xanbus network.

Cascading - this System Setting in the SCP does not apply in Multi-
Cluster Configuration with different DC Associations, meaning each
cluster has its own battery bank while the XW+ units are connected
under a single Xanbus network. Set Cascading = Disabled.

Copy From - this X\W+ Advanced Setting does not apply in a Xanbus
network with more than three XW+ units.

These AGS settings below apply when a generator (GenSet) is used as a primary
source of AC.

Load - this AGS setting enables and disables the Load Start and Load
Stop triggers. This mode of operation is not supported by the AGS
connected to a multi-cluster with an external contactor. To prevent the
generator from nuisance cycling when the multi-cluster X\W+ units are
installed with an external contactor (that is, the generator starts and
stops in a loop) set Load = Disabled under the Cfg Trigger menu. Any
other features involving state-of-charge (SoC) or battery voltage as a
trigger source are supported by AGS.

Gen Cool Down under Cfg Gen menu

The XW+ multi-cluster unit can only be connected to a single AC source
(Generator or Grid). However, both can be connected in the system
using an automatic transfer switch. In this case, the AGS will not exercise
the Generator.

The following features in ComBox and Insight are not available.

Grid input power or energy metering and reporting

Grid export power or energy metering and reporting
Generator input power or energy metering and reporting
Load output power or energy metering and reporting

These features are not available in Multi-Cluster Systems

Grid Support for Self-Consumption Only (Net Zero)
NOTE: The XW+ system can still sell or export energy to the grid, but it
cannot self-limit for “self-consumption only” operation

Load Shave
Search Mode

Gen Support
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76.5 kVA Off Grid System for IEC using AC-Coupled PV

76.5 kVA Off Grid System for IEC using AC-Coupled PV

A holiday resort project is a good illustration for showing the design process and
selection of various building blocks and accessories needed to build an AC-
Coupled off grid system based on Conext XW+.

Considering a load profile with seasonal variations and balancing use with a
generator, an AC-Coupled design is optimized with the following ratings:

Requirements Ratings

Loads 70 kVA peak

Battery Inverter 76.5 kVA (30-min
rating)

Battery Storage 1.2MWh

PV Inverter 80 kVA

Generator 180 kVA

A simplified electrical diagram for the project is illustrated in Figure B-1 on page
B-3. The design is comprised of:

1.

Power conversion equipment: Battery Inverters (nine XW+ 8548 E) and PV
Inverters (four Conext TL 20000 E)

BOS: Battery fused-disconnects, DC and AC BOS for PV Inverter, AC-
Combiner BOX

Monitoring and control accessories: System Control Panel (SCP), Auto
Generator Start (AGS), ComBox, Battery Monitors

Components or Bricks

Important: Refer to Figure B-1, “76.5kVA Off Grid System for IEC using AC-
Coupled PV Wiring Diagram” on page B-3.

#

Description

A

Battery Inverters (nine XW+ 8548 E) are grouped into three clusters. One
cluster consists of three inverters. Each inverter is associated to one phase
of the three phases. Each cluster is connected to its own battery bank. For
each XW+ inverter, only one AC port is wired for power conversion to the
AC Combiner Box. The Master cluster and Slave clusters are wired with an
external contactor device that is explained earlier in “External Contactor”
on page 3-4.

Battery Fused-Disconnects are used to interface the three positive (+ve)
and three negative (—ve) battery cables from the three inverter cluster to the
battery bank.
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Description

The DC and AC BOS for a PV inverter consists of standard disconnects.
You can refer to the guide titled “Safe and reliable photovoltaic energy
generation” to select the correct parts based on the geography, local code,
and module type.

PV Inverters (four Conext TL 20000 E) provide dual MPP (Maximum Power
Point) trackers with a wide voltage range and a peak efficiency of greater
than 98%.

The AC Combiner Box is intended to integrate a generator, the XW+ AC
interconnects, the LOAD output, and the PV Input to the system. A
reference design of the AC Combiner Box, its contents, and layout is
described in “AC Combiner Box” on page A-1.

The Auto Generator Start (AGS) controls the starting / stopping of the
generator based on battery triggers such as voltage, state-of-charge
(SOC), charge-state. It can also be programmed not to trigger a Start
during a quiet time or force a Start after every fixed hours of idle time (to
exercise the generator). See “Multi-Cluster Power System Limitations and
Behavior” on page 3-18.

The Battery Monitor keeps track of the voltage, current, SOC, and amp-
hours in/out of a system. Also provides status of the battery to the
connected devices on the communication network, such as allowing SOC-
based Start and Stop from the AGS.

The ComBox enables configuration, control, and status reporting of
devices connected to the network through a web browser user interface
(Ul). It also doubles as a data logger to record energy production/
consumption levels over hours/days/months/years and as a
communication gateway for remote monitoring.

There are three ComBoxes on the system. ComBox Slave1 is dedicated to
all XanBus connected devices. ComBox Slave 2 is connected to all RS-485
devices and the ComBox Master is dedicated to aggregate the two slave
ComBoxes and provide a unified view of the system to the end user. Refer
to the Xanbus Network Sizing Guide for Conext XW+ Systems (Document
Number: 975-0646-01-01), for more details on selection/configuration of
the ComBox for large area networks.

The System Control Panel (SCP) allows for a local LCD interface for easy
access of the system. This is a required accessory but its use is limited to
setting the system in operating or standby modes. The advantage is the
SCP has quick access to control or put all system devices in standby
without having to access a web Ul.

However, it shall not be used for device configurations. Use the Conext
Configuration Tool and/or the Conext ComBox for commissioning and
configuring the larger Multi-Cluster system. See “Multi-Cluster Power
System Limitations and Behavior” on page 3-18.
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76.5 kVA Off Grid System for IEC using AC-Coupled PV

Description

Power Meters are required accessories in the system. It is recommended to
install them to enable remote monitoring and diagnostics of the system. In
case an AC-Coupled PV inverter might backfeed to a generator, the power
meter can be programmed to have a Digital I/O alarm set off when a
reverse power flow is detected (disconnecting the inline external contactor
with the PV inverter feed for a fixed period). At the time of writing this guide
the ComBox supports the PM8XXX, PM5XXX, EM35XX, and Acti 9 IEM32XX
range of Schneider Electric Power Meters.

A weather sensor like a pyranometer can be used to measure irradiance
and temperature so as to cross check the power production of the PV plant
within an expected range. At the time of writing this guide the ComBox
supports the SMP3 Pyranometer from Kipp & Zonnen.

A network router is essential to allow a network bridge between the Slave
and Master ComBoxes. It is recommended to use an industrial grade router
that is capable of providing DHCP addresses to facilitate the installation
process. Choose one that can be configured for port-forwarding, support
DYDNS services, or VPN.

A cellular modem is essential to enable remote monitoring of the system. It
is recommended to use an industrial grade modem that is capable of
remote configuration such as the WR-21 from Digi (PN:WR21-U91B-DE1-SF).

Currently however, the ComBox is not compatible with cellular modems.
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64.8kVA Grid Tie with Backup System using DC-Coupled

PV

3-22

A commercial building project is a good illustration for showing the design
process and selection of various building blocks and accessories needed to
build a DC-Coupled grid tie system based on Conext XW+. The commercial
building is expected to experience grid outages that are random and sometimes
for an extended period. It is expected that the commercial building will self-
consume the PV power before exporting the energy to the grid and maintain
batteries in a fully-charged state. The batteries cycle through the bulk phase at
the beginning of every day for maintenance.

All three electrical architectures (AC-Coupled, DC-Coupled, or Hybrid system)
can be implemented with the commercial building project considering typical
use cases and battery maintenance. Choosing an AC-Coupled system could
boost efficiency by up to 4%, however, a grid outage might pose a challenge.
Usually, the PV Inverter has to be set to allow anti-islanding based on frequency,
therefore, the battery inverter will not be able to control the PV inverter output
through the frequency shift method. Instead, either a secondary anti-islanding
detection and isolation device is required (to allow PV inverter operation based
on frequency shift method) or a communication and control device to signal the
PV inverter to reduce output power (that is, to generate only what the loads can
consume while also keeping the batteries in a charged state). Additionally, a
generator or bypass device may have to be integrated into the system which
could pose further challenges when an AC-Coupled system is chosen.

To simplify the installation, configuration, and operation, a DC-Coupled system is
preferred. Consider the following ratings:

Requirements Ratings

Loads 60 kVA peak

Battery Inverter 64.8 kVA (30-min rating)
Battery Storage 800kVAN

PV Charge Controller | 57.6 kVA

Bypass Capacity 400A peak (144 kVA)

A simplified electrical diagram for the project is illustrated in Figure B-2 on page
B-4. The design is comprised of:

1. Power conversion equipment: Battery Inverters (nine X\W+ 6848 NA) and
MPPT Charge Controllers (twelve MPPT 80 600)
2. BOS: Power Distribution Panels (PDP), PV Disconnects, AC Combiner Box

Monitoring and control accessories: System Control Panel (SCP), ComBox,
Battery Monitors
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64.8kVA Grid Tie with Backup System using DC-Coupled PV

Components or Bricks

Important: Refer to Figure B-2, “64.8kVA Grid Tie with Backup System using DC-
Coupled PV Wiring Diagram” on page B-4.

#

Description

A

Battery Inverters (nine XW+ 6848 NA) are grouped into three clusters. One
cluster consists of three inverters. Each inverter is associated to one phase
of the three phases. Each cluster is connected to its own battery bank. For
each XW+ inverter, only one AC port is wired for power conversion to the
AC Combiner Box. The Master cluster and Slave clusters are wired with an
external contactor device that is explained earlier in “External Contactor”
on page 3-4.

MPPT Solar Charge Controller (twelve MPPT 80 600) are grouped into four
clusters. Each cluster consists of four MPPT solar charge controllers
providing a total of 320 A charging current. Each MPPT is connected to a
PV array of 5kVA with two strings, each with 10x 250 W modules.

Power Distribution Panel (PDP) houses the AC and DC breakers integrating
the inverter, the battery, and AC input and output.

The PV Combiner Box is intended to integrate the PV modules and the
MPPT solar charge controllers. It houses PV string combiners and DC
disconnects.

The Battery Monitor keeps track of the voltage, current, SOC, and amp-
hours infout of a system. Also provides status of the battery to the
connected devices on the communication network, such as allowing SOC-
based Start and Stop from the AGS.

The ComBox enables configuration, control, and status reporting of
devices connected to the network through a web browser user interface
(UI). It also doubles as a data logger to record energy production/
consumption levels over hours/days/months/years and as a
communication gateway for remote monitoring.

There are three ComBoxes on the system. ComBox Slave1 is dedicated to
all XanBus connected devices. ComBox Slave 2 is connected to all RS-485
devices and the ComBox Master is dedicated to aggregate the two slave
ComBoxes and provide a unified view of the system to the end user. Refer
to the Xanbus Network Sizing Guide for Conext XW+ Systems (Document
Number: 975-0646-01-01), for more details on selection/configuration of
the ComBox for large area networks.

975-0648-01-01 Rev B
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Description

The System Control Panel (SCP) allows for a local LCD interface for easy
access of the system. This is a required accessory but its use is limited to
setting the system in operating or standby modes. The advantage is the
SCP has quick access to control or put all system devices in standby
without having to access a web Ul.

However, it shall not be used for device configurations. Use the Conext
Configuration Tool for commissioning and configuring the larger Multi-
Cluster system. See “Multi-Cluster Power System Limitations and Behavior”
on page 3-18.

Power Meters are required accessories in the system to ensure that power
flow is monitored. It is recommended to install them to enable remote
monitoring and diagnostics of the system. In case an AC-Coupled PV
inverter might backfeed to a generator, the power meter can be
programmed to have a Digital I/O alarm set off when a reverse power flow
is detected (disconnecting the inline external contactor with the PV inverter
feed for a fixed period). At the time of writing this guide the ComBox
supports the PM8XXX, PM5XXX, EM35XX, and Acti 9 iIEM32XX range of
Schneider Electric Power Meters.

A network router is essential to allow a network bridge between the Slave
and Master ComBoxes. It is recommended to use an industrial grade router
that is capable of providing DHCP addresses to facilitate the installation
process. Choose one that can be configured for port-forwarding, support
DYDNS services, or VPN.

A cellular modem is essential to enable remote monitoring of the system. It
is recommended to use an industrial grade modem that is capable of
remote configuration such as the WR-21 from Digi (PN:WR21-U91B-DE1-SF).

Currently however, the ComBox is not compatible with cellular modems.

A bypass device is a high current manual switch which is installed to switch
between an alternative power source and a battery-based power source.

The primary purpose of the bypass device is to provide a means to isolate
the external contactor for the purpose of troubleshooting while maintaining
a power supply to the local loads.
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AC Combiner Box

Appendix A contains information and
schematics for:

e AC Combiner Box Control Schematic
e AC Combiner Box - 9 for North America
e AC Combiner Box - 9 for IEC
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AC Combiner Box

Introduction

The AC Combiner Box for a Conext XW+ Multi-Cluster system is a basic low
voltage switchgear electrical panel. It provides an interface for the XW+
inverters, loads, AC sources, and/or PV inverters.

Based on the kind of application and the use-case scenario, the AC Combiner
Box can be configured as a simple combiner box for the outputs of the XW+
inverters which are connected to the loads in a DC-Coupled system with no
diesel generator or PV inverter sources. A more elaborate use-case for the AC
Combiner Box is a hybrid-coupled off grid system which requires a diesel
generator that is interfaced with an AC contactor and a PV inverter which is
interfaced through a separate AC contactor that protects against backfeeding to
the generator. In addition, a manual bypass may be added to this AC Combiner
Box as a safeguard to isolate the entire system and to run it on diesel generator
during maintenance.

Therefore, the best approach to custom build an AC Combiner Box for your
project is to provide an electrical architecture design reference to one of the
Schneider Electric panel builders within your geographical area. Use the link
below to find the authorized Schneider Electric panel builder in your location”.

Schneider Electric Alliance Partner Locator ==

You may also consult the Sales Applications Engineer in your region who can
provide you with further support and details on the AC Combiner Box.

On the following pages, a schematic of two AC Combiner Boxes is presented
showing their key components and wiring.

NOTICE

EQUIPMENT SELECTION RISK

For reliable operation of the system, certain components of the AC Combiner
Box must be used specifically, according to the designated make and model
highlighted in the List of Components from Schneider Electric to Build the AC
Combiner Box on page A-6.

Failure to follow these instructions can result in damage to equipment.

1. http://www2.schneider-electric.com/sites/corporate/en/customers/alliance/alliance-part-
ner.page
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AC Combiner Box Control Schematic
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3. Manual bypass/source changeover switch

Figure A-1 AC Combiner Box - 9 Control Schematics
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AC Combiner Box - 9 for North America
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Figure A-2 AC Combiner Box - 9 NA Dimensions

A-4

Note: Consult a Sales Application
Engineer (SAE) to receive support on
how to get a pre-fabricated panel in
your region. When choosing to build
the panel yourself, comply with all local
electrical regulations and certifications
required for your panel and its
components.

INTERNAL COMPONENTS LAYOUT

RIGHT SIDE VIEW
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AC Combiner Box - 9 for IEC

Note: Subject to change without notice.
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List of Components from Schneider Electric to Build the AC Combiner Box

Note: The highlighted items are not substitutable
with any equivalent make/model. Doing so will
risk the reliable operation of the system affecting
transfer time, fault protection, and could lead to
equipment damage. Other components such as
enclosure, over current protection can be
substituted if necessary to comply with local
code and application need.

Component Item Description Model Certification
Enclosure Enclosure Option 1 - 1600x1200x400 mm, 2-door w/ mounting plate NSYSM1612402DP UL/IEC/CSA
Base Front Option 1 - 100x1200 mm NSYSPF12100 UL/IEC/CSA
Base Side Option 1 - 100x400 mm NSYSPS4100 UL/IEC/CSA
Enclosure Option 2 - 1600x1000x400 mm, 2-door w/ mounting plate NSYSM1610402DP UL/IEC/CSA
Base Front Option 2 - 100x1200 mm NSYSPF10100 UL /IEC/CSA
Base Side Option 2 - 100x400 mm NSYSPS4100 UL /IEC/CSA
Enclosure Option 3 - 1600x1000x400 mm, 2-door w/ mounting plate NSYSM14640P UL/IEC/CSA
Base Front Option 3 - 100x600 mm NSYSPF6100 UL /IEC/CSA
Base Side Option 3 - 100x400 mm NSYSPS4100 UL /IEC/CSA
Transport Lugs NSYSMEB UL/IEC/CSA
Over Current Protection Fuse AC Disconnects - 400A GS2QQ3 IEC
GS2AH530 IEC
Fuse AC Disconnects - 250A GS2N3 IEC
GS2AH530 IEC
Fuse AC Disconnects - 160A GS2LL3 IEC
GS2AH530 IEC
Fuse AC Disconnects - 400A - UL GS2QU3N UL /IEC/CSA
GS2AH430 UL/IEC/CSA
300A Circuit Breaker UL LAL36300 UL/IEC/CSA
400A Circuit Breaker UL LAL36400 UL/IEC/CSA
400A NSX Circuit Breaker [EC V432676 UL/IEC/CSA
320A NSX Circuit Breaker [EC V432750 UL/IEC/CSA
160A NSX Circuit Breaker [EC V430830 UL/IEC/CSA
Inverter Circuit Breaker - 60A - D-curve MG17474 UL/IEC/CSA
MG24546
Inverter Circuit Breaker - 15A - D-curve 17471 UL/IEC/CSA
Inverter Circuit Breaker - 35A - D-curve 60199 UL/IEC/CSA
Control Power Fuse Disconnect w/ LED_Blown Fuse -2P DF102V UL/IEC/CSA
Control Power Fuse Disconnect w/ LED_Blown Fuse - 3P DF103V UL/IEC/CSA
Switchgear and Contactors Power Contactor - 330A 230V coil LC1F330P7 UL /IEC /CSA
Power Contactor - 265A 230V coil LC1F265P7 UL/IEC/CSA
Power Contactor - 185A 230V coil LC1F185P7 UL/IEC/CSA
Power Contactor - 400A 120V coil LC1F400G7 UL/IEC/CSA
Power Contactor - 300A 120V coil LC1F330G7 UL/IEC/CSA
SSR - DIN - input 4-32 V DC, output 24-280 V AC, 20A SSRDCDS20A1 UL/IEC/CSA
SSR - DIN - input 90-280 V AC, output 24-280 V AC, 30A SSRDP8S30A1 UL/IEC/CSA
Auxiliary Contact Block 2NO, 2NC LADN22 UL/IEC/CSA
Bypass Switch/Manual Source ChangeOver Double Throw - INS - 400A 31150 IEC
Bypass Switch/Manual Source ChangeOver Double Throw - INS - 250A 31146 IEC
Bypass Switch/Manual Source ChangeOver Double Throw - INS - 160A 31144 IEC
Bypass Switch/Manual Source ChangeOver Double Throw - SquareD - 400A 82345 UL
Bypass Switch/Manual Source ChangeOver Double Throw - SquareD - 200A 82344 UL
Downstream bar Bypass 100..250 for IEC 29358 IEC
Downstream bar Bypass 400..630 32619 IEC
Power Measurement Power Meters - PM 8000 PM8000 UL/IEC/CSA
Power Meter Add-on I/O PM8M22 UL/IEC/CSA
CT DIN mount 250A:5A Cable DIA 21mm METSECT5CC025 IEC
CT DIN mount 500A:5A Cable DIA 35mm METSECT5MF050 IEC
CT 250A:5A (mountable screw leads) 64R-251 UL
CT 500A:5A (mountable screw leads) 64R-501 UL
CT 250A:5A (fly leads) 54R-251 uL
CT 500A:5A (fly leads) 54R-501 uL
Internal Wiring 4P MULTISTAGE BUSBAR BLOCK 250A 04053 IEC
4P MULTISTAGE BUSBAR BLOCK 400A 04054 IEC
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75 kVA Power
Systems Wiring

Appendix B contains information for:
e 76.5kVA Off Grid System for IEC using AC-
Coupled PV Wiring Diagram

e 64.8kVA Grid Tie with Backup System using
DC-Coupled PV Wiring Diagram
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76.5kVA Off Grid System for IEC using AC-Coupled PV Wiring Diagram

Island Hotel Resort

Schneider

76.5kVA Off Grid System for IEC PElectric

using AC-Coupled PV
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Figure B-1 76.5kVA Off Grid System for IEC using AC-Coupled PV Wiring Diagram
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Figure B-2 64.8kVA Grid Tie with Backup System using DC-Coupled PV Wiring Diagram

B-4 975-0648-01-01 Rev B






Schneider Electric
http://solar.schneider-electric.com

As standards, specifications, and designs change
from time to time, please ask for confirmation of the
information given in this publication.

© 2016 Schneider Electric. All rights reserved.
975-0648-01-01 Rev B Printed in:

Limited Circulation. Not for public release.


http://solar.schneider-electric.com

	Exclusion for Documentation
	Document Number: 975-0648-01-01 Revision: Rev B Date: 06-2016
	Multi-Cluster Power System
	About This Guide
	Introduction
	Introduction to Multi-Cluster Hybrid Power Systems
	Typical Applications for a Battery Based Hybrid Power System
	Multi-cluster Based Modular Power System
	Benefits of a Modular System
	Building Blocks of a Modular System


	Electrical Architecture
	Introduction
	The Difference Between DC Coupling and AC Coupling
	Choosing Between AC, DC, or Hybrid Coupling
	Analyzing the Load Profile
	Examining the Location
	Studying Usage Ratio of Peak PV kilowatts to Peak Load kilowatts
	Integrating with Other Energy Sources
	Integrating Grid and Backup Generator
	Choosing Retrofit or New Installation
	Xanbus Network Size


	Design Concepts
	Introduction
	Power Ratings of the System
	External Contactor
	Multiple Battery Banks
	Multi-Cluster Power System Architecture
	Off Grid AC-Coupled Architecture Theory of Operation
	Grid Tie with Backup DC-Coupled Architecture Theory of Operation

	Multi-Cluster Power System Limitations and Behavior
	76.5 kVA Off Grid System for IEC using AC-Coupled PV
	Components or Bricks

	64.8kVA Grid Tie with Backup System using DC-Coupled PV
	Components or Bricks


	AC Combiner Box
	Introduction
	AC Combiner Box Control Schematic
	AC Combiner Box - 9 for North America
	AC Combiner Box - 9 for IEC
	List of Components from Schneider Electric to Build the AC Combiner Box

	75 kVA Power Systems Wiring
	76.5kVA Off Grid System for IEC using AC-Coupled PV Wiring Diagram
	64.8kVA Grid Tie with Backup System using DC-Coupled PV Wiring Diagram




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


