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Introduction to battery storage

A battery storage system may be used to enhance the self-consumption of a PV system, provide backup in the case of a grid failure, or both. Segen has systems for either application,
with various sizes, using either lead-acid or lithium-ion batteries.

This guide describes how to choose the most appropriate type of battery storage system and details the solutions which Segen offers.

You can also find a helpful glossary at the back of this document, should you need it.

Helpful Documents
Before considering adding battery storage, Segen would strongly recommend that you review the following documents:

Anyone considering designing a battery storage system should read the BRE/NSC Technical Guide which is an excellent introduction to the issues involved:

http://www.brebookshop.com/details.jsp?id=327624

When quoting a potential customer a battery solution you should follow the guidelines published by RECC:

https:.//www.recc.org.uk/pdf/guidance-on-battery-storage.pdf

Always refer the potential consumer to the BRE/NSC/RECC Consumer Guide:

http://catalogue.segen.co.uk/reseller/docs/BRE Consumer Guide.pdf

There is also some interesting content on use of batteries and storage devices on page 12 of this FIT guide:

https://www.ofgem.gov.uk/sites/default/files/docs/2015/03/fits_quidance for licensed electricity suppliers v7.0.pdf
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Why Sell Storage Solutions?

With the January 2016 FIT cut shrinking the solar PV market, there are opportunities to sell end users a “retrofitable” self-consumption or grid-backup system or sell an enhanced new system with
storage.

The main selling points when promoting solar storage to end users will include:

- “Increase your self-consumption” Promoting the benefits such as lowering their electricity bills and being more self-sufficient.
- “Save money” Promoting the benefits of self-consumption to protect against rising energy prices.

- “Protect against power cuts” Promoting that some products can function and provide energy during a power cut.

- “Replace an old, possibly inefficient/out of warranty inverter with a storage solution” Many households have a PV system installed in 2010/2011 when the FIT rate was much higher
but inverters from this period tended to be inefficient, and will be near the end of their warranty period.

- “Have total visibility of your electricity use” Promoting the use of monitoring and overseeing consumption to see how much they save/could save.

VAT

There are different VAT rules surrounding battery products depending on how you purchase them. VAT on a new system installed along with Solar PV is 5% and when a storage system is added as
a retrofit it is 20%. You can read more about this here:

VAT Notice 708/6: Energy-saving materials
https://www.gov.uk/government/publications/vat-notice-7086-energy-saving-materials

Grid Connection Requirements
The following DNO rules apply if you are installing battery storage:

1. If you add an AC coupled storage inverter to a property, and the combined rating of any existing PV inverter and the new storage inverter exceeds 16A per phase then you need to make
a G59 grid connection application prior to installation.

2. If the AC coupled inverter has a rating of less than 16A per phase then it needs a G83/2 or G59/3 certificate and if it has a rating greater than 16A per phase then it needs a G59/3

certificate.

3. You do not need to notify your DNO when adding DC storage that doesn't change the AC rating connected to the grid.

http://www.energynetworks.org/electricity/engineering/distributed-generation/dg-connection-guides.html
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Types Of Storage System

When looking at utilising batteries, you will need to establish which system type suits your customer best.

Off-Grid

Operating totally “off the grid”requires a large capacity battery array capable
of powering the property during periods of low irradiance in winter and an
inverter capable of supplying the maximum load ever required at one time.
This requires a significant investment in PV modules, inverters and especially
batteries which cannot normally be justified if there is a good quality grid
connection available at the property.
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An off-grid system is well suited to rural areas with little or no grid connection
but is unlikely to be a viable solution in a well-connected urban area.

Enhanced Self-Consumption

Typically a residential system will generate the most power during the day when
household consumption is low. Without the ability to export surplus power the only
options are to a) reduce the size of the PV system so that excess energy is minimised (this
also reduces the usable energy) or b) store the energy until needed. A typical daily load
profile for a residential property is shown below.

Residential Hourly Load Profile

Hourly Usage kWh
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Time of Day

With this example, reducing the size of the PV system by 50% would all but eliminate the
surplus but would reduce the useful energy generated by 30%. In the same example there
is about 8kWh of surplus energy which could be used to recharge a battery for use in the

evenings. The use of a time switch on a washing machine and/or dishwasher can help to
maximise the use of generated energy during the sunshine hours.
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Grid-Backup

In properties where the grid reliability is low, or ensuring maximum power availability is
essential, then it may be appropriate to have a grid-backup system that can operate with no
grid for a period of time. Adding a battery inverter, or a hybrid inverter, along with a battery
makes it possible to combine the energy from the PV system with that from the stored battery
to power at least the essential loads in the property. The size of the battery required depends on
the rating of the essential loads to be driven from it at times when no solar power is available.

Shown to the right is a typical system layout for a grid-backup system, using a Solar PV inverter
and a Battery Inverter, which gives maximum flexibility in the system design and can be
retrofitted to an existing Solar PV system.

An AC coupled system provides the most flexibility in the design in terms of different battery
and inverter sizes and backup capabilities and can be easily retrofitted to an existing solar PV
system.

Hybrid Inverters For Grid BackUp

An alternative solution for new installations is to use a combined PV and battery inverter,
commonly referred to as a hybrid inverter. This is a multi-function device that includes all the
functions required to configure a grid-backup solution, as seen here on the right.

This has the advantage of fewer components, and therefore reduces installation time, but
there are restrictions on the size and design of the PV array and output power. Typically this is
an appropriate solution for a new solar PV installation, but could be retrofitted by replacing the
existing inverter.

Segen Storage Guide

AC connected storage system
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DC String Connected

The simplest type of self-consumption system is to add a DC battery controller into
one of the strings of the PV system.This manages the charging and discharging of the
battery in line with the solar PV energy available and the demands of the property.

D¢ connected storage system

Typically these types of system, like that available from Growatt, only support one value e —— B e
of current (single MPPT), so for systems with strings on different roof faces, the most
productive string should be utilised!

Segen offers DC string connected battery solutions from Growatt and GoodWe.

SolarEdge DC Connected

v a, Grid

;‘f" . A string connected system is not suitable for use with an SolarEdge system but
Vil SolarkEdge and Tesla provide a combined solution that interfaces directly to the DC
— @
n w2 LJ side of the SolarEdge inverter using a special interface box.
— L]
I . s These types of systems monitor the energy exported to the grid and use any surplus
T Toled G energy to re-charge the battery during the day and control the amount of energy

extracted from the battery during periods of lower generation than demand. This
allows for PV and battery monitoring on one easy platform.

AC Coupled ——
Segen offer two AC coupled self consumption systems. The SolarEdge AC Coupled e
System, and the SMA AC Coupled System, both partnered with Tesla.

This system is a great retrofit option as it is independent from an existing array on the
AC side.

Critical Loads

> |, BN,

With thousands of PV arrays installed in the UK, there is a large potential retrofit market
available for installers to target.
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Types of Battery

The choice of a battery is one of the most critical decisions that need to be made when designing a grid-backup or enhanced self-consumption solar PV system. The two main types of battery commonly
chosen for solar PV systems are Lead Acid and Lithium lon with various different types and products from many different manufacturers available on the market. The table below gives a summary

comparison of the key attributes of these two different battery technologies.

Segen Storage Guide

Types Of Battery

Attribute | Lead Acid Lithium lon

Total Storage | Anindividual lead-acid battery will typically have a gross storage capacity of 100Ah - 200Ah @ 12V or 1.2kWh - Lithium lon battery packs typically are supplied as self-contained units with a built-in battery management system

Capacit 2.4kWh. They may be connected in series for a higher voltage and/or in parallel for greater capacity at the same (BMS). Gross capacities vary from about 2kWh up to 8 - 10kWh depending on the model and manufacturer. Some

Y voltage. A typical lead-acid pack suitable for a residential grid-backup solution will be in the range of 8kWh models may be connected in parallel, others may be extended with expansion packs and all need to be fully
- 25kWh depending on the length of time required to operate off-grid and the total power of the loads to be supported by the software in the battery charger/inverter chosen.
supported.
Daily Usable | There is a close relationship between the amount of the total battery capacity that is used each day and the life of | Most lithium-ion batteries can be used daily down to about 90% of their gross storage capacity with little or no impact
Capacit the battery as expressed by the number of cycles and typically it is recommended to only discharge a lead-acid on their lifetime in terms of number of cycles. This makes the storage capacity available, for daily use, 90% of the gross
Y battery down to about 50% of the total capacity, this if referred to as a 50% Depth of Discharge (DOD). This makes | storage capacity.
the storage capacity available for daily use only 50% of the gross storage capacity.
Full Cycle Lead-acid batteries tend to get less efficient the nearer to full capacity they reach. This either results in a low full Most lithium-ion batteries have a full cycle efficiency of around 90% - 95% even for a cycle from their full depth of
Efficienc cycle efficiency of less than 80% (if they are re-charged near to their full capacity) or the need to design the system | discharge up to full capacity making them ideally suited for daily use applications like solar PV systems which need to
Y to only use about 80% - 90% of their full capacity (in order to maximise their efficiency). use most or all of their retained energy in the evening/night and charge up again fully during the day.
Lifetime The number of cycles that a lead-acid battery can be used for is directly related to the amount of energy charged A good quality lithium-ion battery may have a lifetime of 5,000 - 7,000 cycles which is considerably more than 10 years
(Cycles) and discharged in each cycle. With a system configured to utilise 50% of the gross storage capacity on a daily basis | of normal usage. The built-in BMS will ensure that the battery condition is always maintained in optimum condition
4 a typical lead-acid battery will have a lifetime of 2,000 - 2,500 cycles. Allowing for some degradation over the life of | and a full 10 year life may be expected.
the battery a useful lifespan of about 5 years in a well-designed system may be expected.

Cost The initial investment cost of a lead-acid battery will be relatively cheap when expressed as £ per kWh of gross The initial investment cost of a lithium-ion battery may be 2.5 - 3 times more expensive per kWh of gross capacity
capacity but all comparisons should always be done on a £ per kWh of usable capacity which makes a lead-acid compared to a similar sized lead-acid battery but when comparing the £ per kWh of usable capacity the difference will
battery twice as expensive as it may initially appear. be typically about 1.5 times as expensive. The lithium-ion battery will however last twice as long as the lead-acid so

over a 10 year period the lithium-ion will almost always be a cheaper option with no need to renew the battery after 5
years.

Weight A lead-acid battery may weigh between 70kg and 80kg per kWh of usable capacity so a typical 5kWh - 6kWh A good quality lithium-ion battery pack will typically weigh between 10kg and 15kg per kWh of usable capacity so
domestic battery pack may weigh in excess of 350kg which may cause difficulty in locating a large battery pack in | considerably less than an equivalent lead-acid pack but a typical residential battery pack will still weigh 75kg - 100kg
a residential property as a strong floor will be required. requiring some consideration as to where to place it.

Charge / Most lead-acid batteries can be charged and discharged relatively rapidly and when connected in parallel the total | Most lithium-ion batteries have a relatively restricted charge/discharge rate often needing 3 - 4 hours to charge and

Discharge charge/discharge rate is in effect increased. In a typical solar PV system a lead-acid battery pack may be charged a maximum discharge rate of between 1kW and 2kW for a typical residential system. A system utilising lithium-ion

9 and discharged in 2 - 3 hours with a peak discharge rate much higher for short period of times. batteries therefore needs to be designed to take care to only connect essential loads to the circuit that will be powered

Power from the battery pack.

Operating Lead-acid batteries are significantly impacted by the ambient temperature and an increase from 20c to 30c can Lithium lon is less impacted by moderate temperature changes and ambient temperatures in the range of 15 - 30

Temperature | resultina 25% reduction in the lifetime as defined by the number of cycles and a 50% reduction in the lifetime as | degrees centigrade will not significantly impact the lifetime nor performance of the battery.
defined in years.
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The choice of battery type is not a simple decision with many different factors to take into account but we would always recommend that a comparison is made using the above considerations
and looking at the total cost over the life of the system and not simply choosing the lowest initial cost option which in many cases may be more expensive over the life of the system.

Equally critical is the size of the battery; one too small providing insufficient benefit, and one too large being a significant additional unrequired expense. Detailed below are some of the factors that need to be
considered when determining the size of battery required:

Attribute Comments

Essential Load Energy Usage For a grid-backup solution the most important thing to consider is the loads that need to be supported when the grid has failed. It is not generally practical to consider powering all the loads in the
property, e.g. an electric oven will consume considerable amounts of electricity and would require a very large battery to run even for a short time. A good way to consider this is to generate a list of
essential energy loads to be backed up and the amount of time they're needed in a typical day. An essential load is basically something energy must always be available for. This could be something
normal like a freezer or burglar alarm, or something site specific like a fish tank. If no power was available, would it lead to loss of fish or just defrosted ice cream? In the UK, power cuts are relatively rare
but for more remote locations or other countries it is definitely worth considering. A lot of loads won't require their maximum power all the time, so you can add a factor to take that into account. Once
that's done, you'll have an accurate baseline of energy consumption and be able to consider the appropriate battery capacity.

Load Power (W) Time Factor Daily (Wh)
Lights 200 5 1 1000
Fridge 150 24 03 1080
Freezer 150 24 02 720

Wi-Fi Router 10 24 1 240
Phones 50 1 1 100

Fish Tank 30 24 1 720

v 170 4 1 680
Other 100 24 1 2400
Total 7690

Battery Operating Time The next critical decision is to decide the number of hours that the system needs to power the essential loads for. Typically a failure due to a grid fault will typically last for between 1 and 24 hours. The

decision on how many hours to allow for is largely driven by the budget available as the cost of the battery pack will be directly related to its size; and its size will be directly related to the number of
hours chosen. Usually a system will be sized to support the essential loads for between 12 - 24 hours.

Space Available Especially when choosing a lead-acid battery the space available to hold the installed battery and the strength of the floor may be a consideration that imposes a limit on the maximum size of the
battery that can be installed. With a Li-lon battery this is unlikely to be a major concern as a Li-lon battery will be much smaller and lighter than a similar usable capacity of lead-acid battery.

Charging Time and Rate The battery will be charged from the surplus energy available from the PV system, this is the difference between the energy generated by the solar PV system and that used by the loads during the
daylight hours. It is therefore important to ensure that the battery can be fully recharged during a typical day of sunlight, especially in the winter months. A battery pack which is too large relative to the
PV system will not get fully recharged and therefore not be fully available to provide power in the event of a grid failure.

Maximum Depth of Discharge Each battery pack will have a recommended maximum depth of discharge, e.g. lead-acid might be 50% and Lithium lon might be 90%. Having determined the total energy required to be generated
from the battery pack with the equation:‘essential loads energy in 24 hours divided by 24 multiplied by the required battery operating time’then the gross battery capacity needs to be determined by
dividing by the recommended DOD. e.g. 7,690W / 24 * 12 hours / 90% DOD = 4,27kWh.

Segen offers a range of 48V lead-acid (gel) battery packs from Hoppecke and lithium-ion batteries from LG Chem and Growatt for enhanced self-consumption and grid-backup application.
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Battery System Sizing
What you need to know to size a system:

- Does the customer require an On-grid, Off-grid or Grid- backup system?

- What would the customer like to use in the backup circuit, i.e. essential loads only?
- What size PV system has the customer had installed and what type of inverter?

- Is there any electricity usage data available i.e. is an export meter or logger fitted?

- Where will the batteries have to be installed?

« How much is the customer willing to spend?
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Segen’s Battery Sizing Tool

Table A - PV [WHKWp]

Calculating the amount of excess energy available for a battery storage system requires an analysis of the
hourly energy generation throughout the year and the expected hourly energy usage of the property.

Table 8 - Energy prod. (W]

Segen provide a unigue tool that assists in this process by allowing;

« Input of the system size.

- Input of a location near to the target property to enable detailed irradiance calculations.

- Selection of the property load profile from a set of pre-defined examples.

Table C - Energy Use [Wh]
ot s e s S s B B e s S
l e e 3 o s e iin)

The tool will display the expected PV generation values for the chosen location.

Specifically we see a value for each hour in each of the twelve months of the year. The conditional
formatting intuitively displays how “sunny”each period is, and confirms our expectations: the summer

months obviously give more energy than the winter months due to both longer days and more intense
sunlight.

Simply fill in the requested fields and it will generate a detailed summary for the property (either on the
page or in a convenient pdf format).

Table G - Battery Charge By Year (1)

Battery Calculator
Location PV Array Energy Usage Battery
Country United Kingdom v| Azimuth [o® v] Profie <- Select Profile -> v | Battery [ <- Select Battery > -]
Postcode GUT1 3NP | Inclination &:- v Energy usage per day 15000 1 Battery quantity T v
Longitude L—u,mgmun System nominal power 3000 Reserve o Year -
Latitude 5124872300 5
) co Gl
Unit price per kW Show summary Yes B
Use monthly cap [No v|  showpv Yes v
Show energy Use Yos g
e Sy = i Monthly Cost
Show costs Yes 7
e
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Battery Storage and Transport

Temperature
Batteries must be stored and transported within the temperature range stated on the data sheet. Batteries discharge at different rates depending on their temperature. At high temperatures,
particularly for lead, charge is lost more rapidly.

Batteries should not be allowed to discharge beyond manufacturer specified limits while in storage. It is advised that batteries are not stored for a lengthy period. If they are to be stored for a
lengthy period, they should be charged to maintain healthy operation for when they are installed and also comply with all warranty terms.

The acceptable duration of uncharged storage will vary by battery type and manufacturer. Consult the datasheet or seek advice if you plan to keep batteries in stock.

Do not let the packaging get wet as this is a barrier for safe transport.

Insurance
The property owner will need to inform their Insurance provider of the products being installed.

The installer/distributor will need to inform their insurance company of the product, storage and distribution details as they are classed as dangerous goods.
There are many regulations which cover lithium metal batteries and lithium-ion batteries as they are covered under the heading Dangerous goods.
- The regulations are controlled by IATA for air, ADR for road and IMDG for sea.
- They are Class 9 dangerous goods and come under three headings:
- Batteries transported on their own UN3090 UN3480
- Batteries transported with equipment UN3091 UN UN3481 ( Hoppecke, LG Chem)
- Batteries contained in Equipment UN3091 UN3481 (Tesla)
All goods must be considered dangerous even in small quantities and must be handled and labelled accordingly.

As the goods are hazardous goods you need to understand the regulations around how they are handled and what to do in an Emergency.

Fire fighting
There are many different ways to deal with lithium ion battery fires. Covering goods with Carbon dust in a circular motion and waiting for up to 2 days for them to go out is usual.

Pouring water over them can be dangerous as water and lithium can ignite.
DO NOT USE Halon as this causes lithium to ignite.

The major issue is the required ventilation and space when charging Lead Acid due to the gassing of the batteries.
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Battery Inverter/Controllers Supplied by Segen

Segen Storage Guide

Battery Inverters/Controllers

Segen stock a broad portfolio of battery inverter/controller products offering system and design flexibility.

SolarEdge

StorEdge DC Interface

SolarEdge are the world's first inverter manufacturer to partner with Tesla to support their
much publicised Powerwall battery solution.

The StorEdge interface sits between the SolarEdge single-phase inverter and the Tesla
battery to provide the power and control to the Tesla battery.

By simply connecting the StorEdge interface to the SolarEdge inverter, the Tesla lithium-
ion battery pack and an energy meter an automated enhanced self-consumption system
can be implemented.

Key Selling Points:
- Matched for Tesla
« Simple to install

- Easy to retrofit to existing SolarEdge system

Key Selling Points:
« Connects on the AC side and is a retrofit solution.

« Allows the StorEdge solution to be implemented on
existing non-SolarEdge installations, whether single or 5 '
three phase.

« Works with large PV arrays: the StorEdge solution is no

longer limited to single phase SolarEdge.

j&

SolarEdge

StorEdge AC Coupling Inverter

A single-phase inverter, connecting to the AC output of an existing PV inverter, the
AC Coupling inverter from SolarEdge acts as an interface to the DC StorEdge solution.

This allows any system, regardless of existing inverter manufacturer, to reap the
benefits of the StorEdge/Tesla Powerwall.
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GoodWe

BP Battery Controller

The GoodWe BP series DC energy-storage system is compatible with most single-
phase on-grid inverters.

Ordinary PV stations can be upgraded to PV energy storage systems with the addition
of a BP energy storage unit.

During daytime, the PV system generates electricity which can be firstly provided to
the loads. Then the excess energy will charge the battery via the BP energy storage
system.

During the night, battery discharges via BP energy storage system, then electricity will
be provided to the loads via PV inverter.

Key Selling Points:
« Integrated BMS
- Compatible with most string inverters

- Cost effective - entry level solution

Segen Storage Guide

Battery Inverters/Controllers

Key Selling Points:
- Perfect for new systems

+ Hybrid so can work just as an inverter offering
battery flexibility

« Customer could buy smaller battery to
accompany and then upgrade later down the
line

- Compatible with Lead Acid and Lithium lon
Batteries

GoodWe

3.6/5kW Hybrid Inverter

The GoodWe hybrid inverter provides everything that is needed in a single device
to interface to a PV panel array, battery pack and grid-connection and offers grid-
backup capabilities for designated essential loads.

The GoodWe fully supports the LG Chem lithium-ion battery, the Hoppecke lead-
acid battery packs and the Pylon Battery Module supplied by Segen enabling many
options of high quality/high performance solutions.
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Victron
Quattro

The Quattro can be connected to two independent AC sources. The Quattro will
automatically connect to the active source.

The main output has no-break functionality. In the event of a grid failure, or generator
power being disconnected, the Quattro takes over the supply to the connected loads.

This happens so fast (less than 20 milliseconds) that computers and other electronic
equipment will continue to operate without disruption. The second output is live
only when AC is available on one of the inputs of the Quattro. Loads that should not
discharge the battery, such as air-conditioning or a water heater can be connected to
this output.

The Quattro will prevent overload of a limited AC source. First, battery charging will
automatically be reduced when otherwise an overload would occur. The second level
will boost the output of a generator with power taken from the battery.

Key Selling Points:

Quattro
o

- Gives a great amount of system flexibility
as it's compatible with a wide range of
Lead Acid & Lithium lon

- Offers great monitoring capabilities

« Seamless operation with a generator

Segen Storage Guide

Battery Inverters/Controllers

Key Selling Points:

- Gives a great amount of system flexibility as it's
compatible with a wide range of Lead Acid & Lithium lon

- Offers great monitoring capabilities

- Great for tech savvy customers

MultiPlus

244| 30007 701

Victron
Multiplus

The MultiPlus is a powerful true sine wave inverter, a sophisticated battery charger that
features adaptive charge technology and a high-speed AC transfer switch in a single
compact enclosure.

The MultiPlus will prevent overload of a limited AC source. First, battery charging will
automatically be reduced when otherwise an overload would occur. The second level
will boost the output of a generator supply with power taken from the battery.

In the event of a grid failure or generator power being disconnected, the inverter
within the Multi is automatically activated and takes over the supply to the connected
loads. This happens so fast (less than 20 milliseconds) that computers and other
electronic equipment will continue to operate without disruption.
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Growatt
SP1000/2000

The Growatt SP1000 and SP2000 along with their associated lithium-ion battery packs, GBLI2701 and
GBLI5001 provide a very cost effective and easily installed DC connected battery storage solution.

The packages consist of just a controller, battery pack and meter clamp making them very easy and
quick to retrofit onto almost any existing PV system with a suitable voltage and current of PV array.

They are connected into the PV string between the panels and the PV inverter and automatically
store surplus energy when generation is greater than consumption and release it when generation is
lower than consumption.

rowatt

Shown below is the energy flow during 6 typical phases of the day with a Growatt system:

R e

i

1. very early of the day 2. Early morning 3. Late morning
Battery is charging

Key Selling Points:

! \% ! ﬁ ! % - Perfect for retrofit opportunities

- DCinstallation means easier and quicker

g3

! -:;-%:-b = 2 ,%3 - [ i_:%:_
| - [” dl g FI | - Lowest cost per kWh
4. From noon to afternoon i : - Integrated DC Switch
Battery is full 5.Late afternoon 6. In the evening
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Sunny Island

The Sunny Island supports a wide range of on-grid and off-grid applications, and has a
number of compelling product features. Its high protection class, wide temperature range
and overload capacity provide the kind of reliability needed for off-grid use. Intelligent
load and energy management keeps the system running even in critical situations. And
being a core element in the SMA Flexible Storage System for new and existing PV systems,
the Sunny Island system stores generated solar power and works with the Sunny Home
Manager to intelligently manage home energy consumption. The quick configuration
guide and intuitive remote control user interface help ensure quick and convenient
commissioning in any both cases.

The scalable system design also allows back-up systems of up to almost 300kW

Key Selling Points:

« Perfect solution for “Edge of Grid" customers
- Off grid capabilities

- Great for commercial sites.

- Compatible with Lithium lon and Lead Acid

batteries.

Segen Storage Guide

Battery Inverters/Controllers

Key Selling Points:

- Perfect for AC Retrofit

« Optimal for Self-Consumption
- Compatible with Tesla Type C

- Universal compatibility with many inverter suppliers

SUNNY BOY STORAGE

SMA

Sunny Boy Storage 2.5

The Sunny Boy Storage is a battery inverter ideally suited to coping with the
electricity demand of a private household. The device combines the flexibility of the
AC coupling with the advantages of high-voltage technology, enabling a significant
reduction in system and installation costs.

Due to it's small size, it's perfectly suited for smaller UK domestic arrays.

The Sunny Boy Storage 2.5 and the compatible Tesla Type C battery are due in stock
in August 2016.
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Batteries Supplied by Segen

Segen stock a broad portfolio of battery products, carefully selected to cover a range of applications.

Pylon Battery Size 2kWh 2.5kWh

Lithium Iron Phosphate Battery DOD (Depth of Discharge) 80% 80%
Nominal/Usable Capacity 1.6kWh  2kWh

The Pylon lithium iron phosphate (LiFePO4) batteries have both the lithium cells and Number of cycles 2500 2500

battery management/control system in one simple compact module.

Cycle efficiency 92% 92%
They are available in a standard rack size of 2.4kWh modules with a touch screen interface

allows easy setup and monitoring together with connections for multiple units in parallel. Weight 33kg 42kg

The battery modules are compatible with the GoodWe hybrid inverter. Life Expectancy 7years 7 years

Warranty 2 years 2 years

Battery Size 2.4kWh
DOD (Depth of Discharge) 80% Victron
Nominal/Usable Capacity 2kwh Lithium-lon Phosphate Batteries
Number of cycles 4000 \J
Cycle efficiency 92% Victron batteries supplied by Segen have in built cell balancing and connections
. to the battery management system they are lightweight at only 16kg and easily
Weight 25kg transportable.
Life Expectancy 10 years You can connect up to ten batteries in parallel and up to four batteries in series
w so that up to a 48V battery bank of 2000Ah can be assembled. The daisy-chained
arranty 5 years

batteries must be connected to a Battery Management System (BMS).
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A
Battery Size 55kWh  64kWh 8kWh 11kWh 16kWh 22kWh
LG Chem DOD (Depth of Disch % % % % Y %
t i 509 509 509 509 509 509
6.4kWh Lithium-lon Polymer (Depth of Discharge) ! ’ ’ ’ ’ ’
Nominal/Usable Capacity 2.75kWh 32kWh 4kWh 55kwh  8kWh 11kWh
The LG Chem Battery has a very good energy Number of cycles 2500 2500 2500 2500 2500 2500
density, a small foot print, and a built in switch and .
f Cycle efficiency - - - - - -
use.
It is expandable with up to two expansion packs Weight 195kg 253kg  295kg 370kg 590kg  740kg
giving it a maximum overall size of 12.4kWh, Life Expectancy 10yrs 10yrs  10yrs 10yrs  10yrs 10yrs
usable 1TkWh. It is a lithium —ion polymer (Nickel-
Manganese-Cobalt = NMC) and is supplied with Warranty 1yrs 1yrs Tyrs  1yrs Tyrs  1yrs
two wall attachment brackets to prevent tipping.
Hoppecke
Classic Lead Acid Range 5.5-22 kWh
Battery Size 6.4kWh 3.2kWh Hoppecke is a long established German battery
manufacturer with a wealth of experience. They are the
DOD (Depth of Discharge) 90% 90% largest battery manufacturer in European ownership for
Nominal/Usable Capacity 5.76kwW 2.88kW industrial applications in Europe.
Number of cycles 6000 6000 Hoppecke batteries are tested to work with products

from SMA, Victron and GoodWe. Segen supplies

Cycle efficiency 95% 95% Hoppecke lead-acid packs in sizes ranging from
5.5kWh up to 22kWh. These packs are supplied with all

Weight 60kg 30kg cables, battery fuses and mounting case making them
Life Expectancy 10 years 10 years completely self-contained.
Warranty 10 years 10 years A good overview of the battery pack and its installation

is available on YouTube:

https://www.youtube.com/watch?v=MulfRfiyFk4
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A
Growatt Battery Size 6.4kWh
T = 5 L A
GBL1 5001 Lithium-lon (nickel-cobalt manganese) DOD (Depth of Discharge) 100% i
3kWh & 5kWh ENERGY

Nominal/Usable Capacity 6.4kWh

AUTHORIZED RESELLER
Number of cycles -

Growatt batteries are manufactured by Darfon, a BenQ \

company in China. Cycle efficiency 92.5% —
The 4.8kWh battery is for use with the Growatt SP2000 ‘ Weight 100kg
only, creating an easy to install DC domestic package. S— Vc?méu Life Expectancy 17 years
A new 2.7kWh battery is also now available along with I B _
the SP1000 TkW battery controller making it ideal for = Warranty 10 years
smaller PV systems. '
}
R
Tesla
Battery Size 2.7 kWh 48 kWh Powerwall Lithium-lon Phosphate 6.4kWh
DOD (Depth of Discharge) 80% 80%
Nominal/Usable Capacity 29KW 24K Segen is an authorised Tesla Powerwall reseller.
Number of cycles 3000 3000 The Tesla Povverwaill. is a home battery that charges using el'ectricity ge.nerate'd from solar
panels, or when utility rates are low, and powers the home in the evening. With a voltage
Cycle efficiency 94% 94% of 350V, it can be installed further from the inverter than conventional solar batteries. It
Weight 30kg 46.5kg also has a comprehensive 10 year warranty.
Life Expectancy 10 years 10 years There is currently 2 Tesla versions f‘avaiilable from Sege.n.The 00-B, compatible with
Solarkdge Storkdge and 00-C, which is compatible with SMA SunnyBoy Storage and
Warranty 5 years 5 years StorEdge. The 00-C version is due in stock August 2016.

Only Tesla approved installers can purchase and install the Tesla Powerwall.
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Combined Battery/Controller

Segen also stock an all in one solution.

BYD Mini ES

ithi _i i ot B
Lithium - ion Phosphate 3kWh Controller and Battery Solution PpPr .
| .
| | | | | -
This unit is a combined battery and battery controller that forms an AC coupled solution. It's a plug o
. . . . . . . P . . Porwer Ciswibution Pl
and play solution with similar system architecture to the Victron solution, except it is all wired into one J— | e
convenient unit. - _ "! I"’ e 29
It features a bi-directional battery inverter with a BMS and a Lithium lon battery. L & é}
Because it is wired as one solution, it makes for a quicker and easier installation. It also makes it a perfect ' ME
retrofit to any system. |
You will need to have participated in training in order to install this product. o
BYD also have UK based technical support.
This unit is due in to stock in July 2016. Battery Size 3KW
\\\\\ DOD (Depth of Discharge) 99%
o Nominal/Usable Capacity 3kwW
Key Selling Points: Number of cycles 6000
+ Perfect retrofit solution Cycle efficiency 93%
- Offers great monitoring capabilities Weight 96kg
- Easy and fast to install Life Expectancy 20 Years
- Offers essential loads grid-backup capability Warranty 10 Years
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Hoppecke

Tesla
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What does it work with?

IT:

GoodWe ES
Sunny Island

GoodWe ES
Sunny Island

|
IT‘

Growatt SP

Victron

) ;
StorEdge  SMA Storage 2.5

= =

GoodWe ES  Goodwe BP

Victron
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Compatibility Chart

To the left is a chart stating battery and battery controller/inverter compatibility for the Segen portfolio.

o LG Chem is compatible with both the Sunny Island and the GoodWe ES. Compatibility with Victron is to
be determined/in progress.

» Hoppecke Lead Acid battery is compatible with the Sunny Island, the Victron Quattro and Multiplus and
the GoodWe ES.

 The Growatt batteries are currently only compatible with Growatt controllers.
« Victron batteries are currently only compatible with Victron controllers.

 The Tesla Powerwall (00-B) is only compatible with the StorEdge solution and the Tesla Powerwall (00-C)
is compatible with both the SunnyBoy Storage and the StorEdge solution.

 The Pylon battery is compatible with the GoodWe ES Hybrid inverter and the GoodWe BP battery
inverter.

In order to make it easier for you, we have created ready matched packages ready to buy.
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Segen Storage Packages

All battery storage systems require a number of different components to fully function and, to make these easier to configure and purchase, Segen has defined a number of
packages ranging in system type and size.

Grid Backup Packages

All these packages are capable of providing energy to defined essential loads
in the property in the event of a grid-failure. Segen have created packages in a

range of sizes to suit customer requirements. % 3 % 2 2
3 g 8 .’ p v

These packages are made up of the following: B g 9 * 5 E 5 Ll"—'f 8

« Victron Multiplus Inverters s e e e

« GoodWe Hybrid Inverters

» Sunny Island Battery Controllers _

« Victron batteries g g g g g

« Hoppecke batteries % < % =] .E - ”l =

« Pylon batteries g g g g \ E

o LG batteries = o e - A\E et _i =

In order to locate these packages on the Segen Portal, simply select “Products”
from the top bar menu and select” PV Storage Packages”. You can then select
"Grid Backup Packages”from the left hand menu.
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Enhanced Self-Consumption Packages

These packages enable the property to utilise a greater proportion of the energy
generated by the PV system but do not operate in the event of a grid-failure.

These packages are made up of the following:

» Growatt Battery Inverters

o Growatt Batteries

« Tesla Powerwall (00-B) Batteries =
Storkdge DC Interfaces

Storkdge AC Couple Inverters ~
Tesla Powerwall (00-C) Batteries
SunnyBoy Storage

GoodWe BP Battery Inverter
Pylon Batteries

~=l!

STORAGE PACKAGE

I i
STORAGE PACKAGE |
STORAGE PACKAGE

STORAGE PACKAGE |

STORAGE PACKAGE |
STORAGE PACKAGE |

Goodwe Growait Growatt SolarEdge SolarEdge SMA
omeslic DC Storage Syster DC Battery Storane Package Ba Storage Package SlorEdae DC system with Tesla 1ok 2etrofil Package Star

NATT-S80NKIT Part: SE-STOREDGE Pas: SE-STOREDGE-AC Part: SWA-STORAGE-2 S-AC

In order to locate these packages on the Segen Portal, simply select “Products”from the top bar menu and select” PV Storage Packages”. You can then select “Self
Consumption Packages”from the left hand menu.
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Pre-Sale Checklist

1.Has the property gotalarge enough solar system with sufficient spare
energy to charge the battery most of the year and are all applicable
electrical energy efficiency measures in place, eg. LED. lighting? A
much too small PV system (kWp < 50% of the battery kWh capacity)
or a property occupied during the day every day with a high base load
is unlikely to have sufficient spare electrical energy to fully charge the
battery most days of the year.

2. Is the existing PV system export monitored, or has a detailed energy
usage survey been completed, to assess how much spare energy
is available to charge the battery? If they have an immersion heater
controller in place this may give false results.

3. Canyou easily access the property, get the equipment and tooling to
the installation area, is there sufficient room in the proposed installation
area and can the installation wall / floor safely take the weight?

4. Does the property have an internet connection for the system to
allow monitoring and enable the full manufacturer warranty cover if
applicable?

5. Is their existing PV inverter fully compatible with the new storage
system? Is a firmware upgrade required?

6. Has permission been given by the local DNO to connect a battery to
the existing PV system and has the homeowner been advised to notify
their building and contents insurance companies?

7. 1s the building occupied all the time and for how long in a year, e.q.
a property only let for holidays or where the occupiers are away for
sustained periods on holiday or business may not fully benefit from all
the increased self-consumption available?

8. If a pure self-consumption system is being proposed is the home
owner aware that the storage solution does not offer a grid-backup
capability? If a grid-backup solution is being proposed, is the home
owner aware of what equipment, and for how long it will realistically
be able to power it for? Does the quotation include any re-wiring of the
consumer unit to separate out the nominate essential loads to be live
during a grid failure?

9. Is there a fire alarm system in the property with a detector in range
of the inverter and battery system?

10. Has the enhanced self-consumption or backup energy assessment
given to the homeowner taken into account the efficiency of the
inverter/battery, degradation over the expected life of the battery and
the reduced charge available during the winter months due to lower
PV energy generation?
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Edge of Grid = Edge of grid refers to locations where there is a grid connection but it's not
dependable for whatever reason (eg deliberate load shedding vs unplanned blackouts).

Amp (A) short for Ampere = a measure of flow rate of electrical charge equal to 6.241x
1018 charge carriers (or one coulomb) per second (Important for understanding electrical
capacity issues).

Volt (V) = the derived unit for electric potential, electric potential difference (voltage), and
electromotive force defined as the difference in electric potential between two points of
a conducting wire when an electric current of one ampere dissipates one watt of power
between those points. (Again, important for understanding electrical capacity issues).

Watt (W) = is a derived unit of power used to express the rate of energy conversion or
transfer with respect to time. A watt is the rate at which work is done when one ampere (A)
of current flows through an electrical potential difference of one volt (V). (This becomes the
ground understanding the relationship between power, current and potential).

W=VxA

Amp-hour (Ah)= A unit of electric charge, equal to the charge transferred by a steady
current of one ampere flowing for one hour, or 3600 coulombs. A millimampere-hour (mA.h
or mAh is one-thousandth of an ampere-hour (3.6 coulombs).

Watt-hour (Wh) = The watt-hour is a unit of energy equivalent to one watt (1 W) of power
expended for one hour.
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Glossary

C-rate (C) = A measure of the rate at which a battery is being discharged. A 1C rate is
defined as the discharge current divided by the current draw under which is the battery
would last for one hour. A 1C discharge the rate means the battery will be completely
discharged in 1 hour. (This unit has a great effect on how we understand battery capacity).

Cycle = A charge cycle refers to the process of charging and discharging a battery. This term
is used when specifying a battery’'s expected life, as in the number of charge cycles a give
battery is expected to provide.

Depth of Discharge or DOD = How deeply the battery can be discharged. If a battery can
be discharged down to no lower than 20% of its capacity then the products DOD is 80%

Capacity = This is the size of capacity a battery has if it could discharge 100% of its energy.

Usable Capacity = This is the actual amount of energy that can be discharged when you
take into consideration the batteries DOD.

Usable Capacity = Capacity x DOD

Roundtrip Efficiency = Percentage measurement of battery efficiency taking into
consideration the energy loss in the charge/discharge cycle.

Charge/Discharge Power = The rate at which energy can be added to or taken from a
battery. Measured in kW
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All information stated in this document is correct at time of printing, but is subject to change.

The unauthorised reproduction or redistribution of this document is strictly prohibited without express permission from Segen Ltd.

Contacting Segen

As an active customer, you not only have access to the Segen Portal, but you also have support from a dedicated account manager, order processor and technical
advisor.

If you want to talk about the portfolio on offer, or if you need portal or ordering support please contact your Account Manager.
If you have placed an order and have a query about it, please contact your Order Processor.
If you require advanced technical advice, please contact your Technical Contact.

Contact details for your contacts can be found on The Segen Portal

If you do not yet have an account with us, please email info@segen.co.uk and a member of staff will be in touch to help you set up your exclusive Segen account.
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