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1. EXECUTIVE SUMMARY

Energy Made Clean (EMC) designed, built and commissioned Australia’s first residential grid
connected battery system in January of 2016. This project will serve as a touchstone for new Battery
Energy Storage (BESS) installations around Australia and the world. The challenge of integrating the
increasing up-take in residential PV installations into the grid has been undertaken. The technical
problems caused by PV like peak demands and grid instability can be addressed through the
successful operation of the BESS. The project can address these problems in theory though peak
shaving and voltage/frequency assist control modes.
The outcome of the project was the supply of a BESS capable of operting in the modes which solve
grid stability and peak demand issues of rooftop solar on the grid. The level of success in which the
issues are solved can only be measured by data collected over the lifetime of the project.
This paper will not analyse the effectivness of the BESS in solving peak shaving and grid stability
issues but will describe the objectives of the overall installation for context and purpose. Instead it
will seek to display clear instances of my own applied learning while working on the project from
an engineer’s perspective.
During the project I demonstrate the key learnings and appliction of those learnings using examples.
There is also demonstrations of electrical engineering theory from the Engineering degree at
Murdoch University being applied to solve a specific issue with matching voltages. These examples
provide valuable insight into the project timeline as well as the development towards a successful
installation.
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2. INTRODUCTION
2.1 CONTEXT AND SCOPE
“Renewable energy technology has advanced significantly” in the recent decade. Therefore
projecting the current timeline of technological advancement into the near future, it has become
clear that clean energy has a major role to play in Australia’s energy needs. In 2013-14 Renewable
energy accounted for 14.9% of Australia’s electricity generation and had a predicted average annual
growth of 11.6% (Office of the Chief Economist, 2015). Renewable energy has become cost
competitive with more conventional sources of generation such as coal fire and gas turbine plants
(International Energy Agency, 2015). The push for a cheaper and cleaner energy is fundamentally
driving the renewable energy industry towards a period of significant innovations.
However as Solar Photovoltaic (PV) and Wind projects start to come online within WA’s grid
network (South West Interconnected Network System or SWIS) some technical and economic
challenges arise. The natural intermittent nature of the wind and the sun produce strain and cause
instability issues on the SWIS. A major technical issue with residential grid-connected PV systems is
that during the peak sun hours (PSH) there is a large export to the grid from homes across the SWIS.
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Figure 1- Peak demand and solar generation [1]
To solve this problem and peak demand issues a battery energy storage system (BESS) is
investigated as a potential solution. A grid connected BESS operationally reduces peak demand on
the grid while using excess solar generated from residential PV systems to charge. As stated from
the Australian Renewable Energy Agency (ARENA) “The project (BESS) will contribute to ARENA
objectives by demonstrating how to integrate, operate and manage enabling technologies with high
levels of PV in an Australian metropolitan suburb.”(ARENA, 2015) This valuable research will
contribute to the future combination of Australia’s energy generation needs.
BESS systems have typically been used in grid forming projects as part of a remote area power
supply system (RAPS) which in general has a combination of solar PV, wind and diesel. These offgrid applications can also be defined as Hybrid power systems which have been commercially
available for many decades although not commercially viable. The nature of the Australian
landscape means that 2.6% of Australia’s population live in remote communities and may be unable
to connect to a reliable grid network (Australian Census, 2006). As the rapid advances in Lithium-
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ion battery technology continues to improve, grid connected BESS projects have been considered
for grid stability applications.
A grid connected battery energy storage system (BESS) offers a solution for the technical issue of
future grid stability. The primary operation of the BESS is its charge and discharge cycle, in which it
operates as a current source (P&Q Mode). The BESS is specified primarily on two technical
parameters, rated power (KVA) and battery capacity (MWh). Choosing these values appropriately
can influence the peak power demand on the grid (figure 1). Reducing the peak demand on the grid
has multiple benefits such as improved grid stability and reduction of electrical infrastructure which
leads to a lower cost.
However, implementing a BESS into a residential zone comes with its own set of challenges. The
BESS must conform to the relevant Australian standards and industry practises. Also unique to the
SWIS is Western Powers technical rules which provide a guide to designing generation systems.
These technical rules are put in place as a standard for electrical generation sites connected to the
SWIS. Some notable requirements include under/overvoltage, under/over frequency relay
protections. Harmonics, power quality and anti-islanding protection must be considered (section
4). There are also major considerations given the dangerous nature of lithium iron phosphate
batteries. These precautions need to ensure that the system is protected from internal and external
fire threats that could lead to a thermal runaway scenario (see section 3).

2.2 OBJECTIVES
There are a number of objectives for the implementation of the project both technical and social.
The Australian Renewable Energy Agency (ARENA) committed a total of $3,300,000 towards the
project along with project partners Synergy and lend lease for a total project value of $6,700,000.
ARENA have contributed to this project “to understand better the level of electricity supply
reliability provided by a combination of renewable energy generation and enabling products when
compared with traditional poles and wires”(ARENA, 2015). ARENA has identified the critical
technical learning from this project “The project will contribute to ARENA objectives by
demonstrating how to integrate, operate and manage enabling technologies with high levels of PV
in an Australian metropolitan suburb”(ARENA, 2015).
Additional to technical benefits of implementing a grid connected BESS there are also social findings
that the projects will reveal. ARENA hopes it will find out “how customers respond to renewable
energy and storage and will compare metrics against other non-participating households”. The
suburb in which it is located in Alkimos also implemented “smart home” packages which include a
solar PV system and energy saving appliances.
Synergy is the primary entity which has received the funding for the project and has issued the
scope of works to EMC. Synergy’s objectives appear to be commercial in nature as the CEO Jason
Waters states “The trial will provide valuable lessons about the integration of energy storage into a
traditional network and, insights into the products we want to provide to our customers in the
future.”(Synergy, 2015)
The objectives for EMC was as a supplier of the specification provided by Synergy. EMC was required
to deliver the following general specifications (Full Specification is classified):
1. Containerised (i.e. Sea Container) 1.1MWH Lithium Ion Battery with the capability of
running up to 0.25C rate
2. Deliver 300kW of power to the grid during the approximate peak demand hours of 8:00am10:00 am and 4:00pm-6:00 pm.
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3. Provide a means for reactive power (VAR) control effectively reducing the need for shunt
capacitors or transformer tapping.
These objectives have a heavy focus on the technical implementation of the project, and there are
multiple sections on the research, design and testing of these systems. Through achieving EMC’s
objectives, smaller learning objectives and examples of applied learnings are demonstrated.
The objectives of the industry project were to apply theoretical learnings from Murdoch’s
engineering course as well as specific on the job learning. The Industry project supplied the
environment and time to learn the necessary technical, project management and engineering skills.
The primary objective was to understand and apply many aspects of engineering that would be to
achieve the timeline of a project. The particular on the job learning is demonstrated through
practical examples where significant learnings have been applied.
Each example has been chosen to demonstrate a certain skill or aspect of project engineering. This
paper documents the research and development of each case and the design that follows. Finally,
it presents the outcomes of the items to demonstrate any applied knowledge.

2.3 LITERATURE REVIEW
2.3.1

DESIGN OVERVIEW

At the tender stage of the project, EMC proposed a design using the following configuration (figure
2). This design was based off an indicative layout provided by Samsung with the intention to procure
the battery system (MEGA 2.3 configuration 192S29P). After winning the scope of work EMC begun
work on researching the optimal design based on the equipment and the client specification. This
required an extensive look into other BESS projects which were implemented.
Samsung had completed a similar project for Sandfire Resources and made the indicative layout
available from EMC to base designs. However no details of the design were shared with EMC, this
meant developing the BESS from the ground up mechanically and electrically.

Figure 2: Samsung BESS Construction [2]
It was clear that from EMC’s previous projects and other BESS projects that the battery system
should be a containerized, modular design. The containerized design would ensure that the BESS
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could be fabricated, cabled and tested before transportation to the site. The design can be
simplified into three main pieces of equipment the central inverter, battery system (which includes
the Battery Management system) and coupling transformer. The mechanical and electrical design
should consider the key installation and operating requirements each piece of equipment.
At the commencement of the project, EMC had not previously used the central inverter (SMA
SCS500 Appendix A), Battery Bank (Samsung 192S29P Appendix B) or 350KVA 270/415V
Transformer (Appendix C). Due to the unfamiliarity with the equipment, extensive research into the
installation and operation requirements of each piece of equipment was conducted.
2.3.2

Inverter Specification

The central inverter specified for the projects is the SMA Sunny Central Storage (SCS) 500 and is
typically used in hybrid power system applications. The SCS500 primary operation mode is active,
and reactive power dispatch and can only operate in a grid following capacity. Its capability curve
meets the requirements of the specification of both reactive power control and peak management
control modes. Western power recommended the SCS due to its ability to minimise harmonics and
familiarity due to other projects. The SCS is a bi-directional inverter which means that it supports
the charge and discharge cycle of the battery. The operation of the SCS in a Battery/PV Hybrid plant
with an MV transformer is shown in (figure 3).

Figure 3: SMA SCS Block Diagram from
rom a Battery/PV Hybrid Plant [3]
This configuration uses a pre-charge function to ensure that the system voltage matches the AC
coupling voltage on the secondary side of the transformer. If the DC battery voltage does not match
the AC coupling voltage then there is a risk of a surge current that can trip protective devices
(MCCBs and fuses). The SCS also has a sinusoidal filter capacitor used to ensure power quality and
reduce harmonics in the charge/discharge cycle (SMA SCS Technical). The inverter is rated up to 50
degrees before it de-rates power output, which allowed more flexibility in the ventilation design.
2.3.3

Battery Specification

The battery system used in this project was the Samsung MEGA 2.3 192S29P. The total capacity of
the 192S29P is 1.235MWH (Appendix B) with 192 cells in series (figure 4) and 29 racks in parallel.
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Figure 4: MEGA2.3 192S1P Rack assembly [4]

Figure 5: Samsung cell test data (Open circuit voltage vs State of charge) [5]
There are twelve (12) trays in each rack, and each tray contains sixteen (16) 60Ah cells in series to
make a total nameplate capacity of 1.235 MWh. The system voltage can range from 550V-780V
depending on the state of charge which will, in turn, affect the current rating of the cables and
equipment (figure 5).
Each rack can deliver 42kW maximum this means the system is capable of running up to 1C. The
specification of the project required the system to run at 0.25C, which is well within the batteries
capability. The general system configuration is provided in (figure 6), but no detail was provided
on protection, cables or DC combining the racks.
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Figure 6: Provided electrical connection guideline [4]
2.3.4

Transformer Specification

The BESS required to be grid connected through the use of a coupling transformer, this transformer
should satisfy requirements set by the inverter manufacturer. The coupling transformer is classified
LV (under 1000V) by AS3000 with a power rating of 350KVA. The vector groups of the transformer
can be seen in (figure 7).

Figure 7: 270/415V 350kVA Dyn11 [6]
Because the substation must be a containerised design, the transformer was selected to be a drytype to minimise fire risk. Oil type transformers also had large space requirements for ventilation
and drainage requirements as outlined in AS2067.
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2.4 LITHIUM-ION TECHNOLOGY
Lithium-ion batteries (LIB) is the preferred storage technology used in large scale battery systems
for a number of advantages. LIB Technology has made BESS systems economically available to
integrators, allowing higher capacity and density at lower costs. The faster discharge rate and lower
limit of depth of discharge (DOD around 10%) make LIB an attractive solution for battery storage
projects on a larger scale.
However, there are disadvantages and risk with LIB installations that must be considered. As there
is no Australian standard for large scale LIB systems, it becomes up to the integrator to provide
adequate safety measures based on the associated risks. The highest risk of a LIB is a thermal
runaway scenario when the charging at incorrect voltages ultimately leads to a short circuit fire.
This fire is based on the flammable electrolyte within the cell, meaning that conventional dry
powder extinguishers cannot be used. Providing the installation with an adequate fire protections
system and monitoring the charging voltages in the DC bus is critical in maintaining safety.

2.5 GRID CONNECTED SUBSTATIONS
A grid connected substation is usually a generation source which supply’s power to meet load
demand on the grid. These generation sources have traditionally been large steam turbines that
are fuelled by coal or gas. Solar PV and Wind can also be considered a grid connected system which
has an inverter (Generator) which generates the power (P&Q). Typically there is a coupling
transformer connected to step up the output voltage from the inverter (Generally considered LV)
to the grid voltage (Generally considered MV or HV). In this case, the system is classed as a
substation and, therefore, falls under AS2067 Substations over 1kV standard. There are many more
aspects to a grid connected substations such as required protections, switching licenses and
earthing requirements.

3. RESEARCH AND DEVELOPMENT
3.1 OVERVIEW
Research and development (R&D) is truly a fundamental part of innovation and learning.
Understanding processes of information acquisition, process pathways and significant development
will directly affect design and conformity with standards. Universally, problems are first solved by
gathering the correct information so that an informed choice is likely. In the case of R&D, this
process of learning and application is key to developing effective solutions in any discipline of
engineering. This section will discuss the methods of research and the outcomes relevant to a
design task completed during the project.

3.2 AUXILIARY POWER NETWORKS
The purpose of the auxiliary power section is to demonstrate the use of standards, data sheets and
technical manuals. It was a primary example of learning where to source technical information and
apply it to design. Through the R&D section and design section, this lesson is demonstrated.
In most all residential, commercial and industrial buildings there is a connection to a grid power
network. For auxiliary power, it is the network internal to the building that becomes the central
point of investigation. As per AS3000, every building that is grid connected must have adequate
protection installed on a main switchboard. It is this network which, in a building sense is defined
as “mains power” which is typically only single phase. However for some utility scale plant
installations (Diesel generators, Solar PV and Gas turbines) this network can be called “auxiliary
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power”. Auxiliary power networks supply any support equipment in a power plant that is not
provided by the primary generation source. This network is separate from the generation source to
ensure critical elements such and lights, power, cooling and monitoring systems remain active in
the case of a fault within the generation unit. These auxiliary components within the network should
be fed from a set of main and sub-distribution boards which house the circuit protections required
by AS3000.
The BESS has some auxiliary loads that are required for the operation of the system. Therefore
understanding the power consumption of the necessary equipment and what supply it requires is
essential. The components were broadly put into two groups, AC and DC loads. The AC loads could
either be a three phase or single phase load at 240 Vac, which is classified as low voltage in AS3000.
The DC loads in general were 24V which is classified as extra low voltage in AS3000. This process of
sizing loads and maximum demands is shown in Table C1 in AS300. Once the maximum demand has
been calculated the load should be balanced across three phase power, which will allow the
calculation of the protective device characteristics.

3.3 CIRCUIT PROTECTION
The concept of circuit protection is an integral component of all power and electrical design and is
required as per AS3000. Circuit protection in a broad sense is the method in by which faults like
short circuits are automatically isolated to protect the conductor and any devices connected to the
network. Conductors should be sized as per AS3008, note that the conductor is not required to
handle the full short circuit current hence the need for a protective device.
A short circuit fault that can occur internally or externally to the circuit is defined as “the accidental
connection between conductors by a zero (solid short-circuit) or an non-zero impedance (impedant)
short circuit)”(Merlin Gerin, 2006). The short circuit fault must be cleared through the use of a
circuit breaker or fuse type; these current interrupting devices must have the appropriate breaking
capacity. The breaking capacity is calculated using AS3008 and IEC60056 and will depend on the
voltage, R/X ratio of the interrupted circuit, power system natural frequency and the number of
breaks at maximum current.
The generator network also requires some relays to monitor and break the circuit if there is a fault.
These relays can be programmed with some protection functions such as over-under voltage,
instantaneous earth faults, and over-under frequency. The relay requires information from the
circuit at critical nodes to accurately operate. However, these nodes had large current flows and
classed as HV (over 1KV). Building a relay with an insulation level capable of handling high current
and voltage is unfeasible both economically and practically, hence the need for current
transformers (CT) and voltage transformers (VT). Relay protection schemes are only applicable to
HV and MV distribution networks due to the large fault currents and grid stability.
There are two protective devices for AC and DC auxiliary systems that can clear a short circuit faults,
Circuit Breakers and fuses. These include three (3) principal components Miniature Circuit Breakers
(MCB), Moulded case circuit breakers (MCCB) and fuses). For auxiliary networks the most common
fault is a short circuit fault, this fault can occur at any point on the network. Often this means that
one layer of protection on the incoming is usually not suitable for a large system. When there is a
fault and a high current passes through the protective device the device “trips”. When a protective
device “trips” it creates an open circuit, therefore, clearing the fault. Each of the devices trip
differently and have different ways of actuating the open circuit (mechanical or otherwise).
The MCB and MCCB work on the same principle of thermal or electromagnetic tripping
mechanisms. However, the MCCB is usually used in higher current applications or three-phase
power protection. MCCB’s are also sometimes motorised to provide a remote reset in the case of
a trip event; this functionality is essential for stand-alone power systems. Each the MCB and MCCB
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can have trip curve B, C or D (figure 8), and these curves can be used to prevent a trip event where
there is no fault. For example, the inrush current for an induction motor might trip a type B, but it
will not trip a type D. This makes the MCB and MCCB versatile and robust. Therefore, it is one of
the most common modes of short circuit protection.

Figure 8: Table 7.2 [17]
Short circuit protection by a fuse is widely considered a low cost and practical solution. However,
fuses are far less versatile and need to be replaced after tripping. The fuse is convenient by its
simplicity as it can be put in-line with the conductor. An inline fuse effectively bottlenecks the circuit
so that when a current greater than the breaking capacity passes through the fuse element melts
away. When the fuse element melts it physically disconnects one end of the conductor to the other
removing the fuse will isolate the circuit, so it is safe to work on. Fuses trip according to a fuse
curve and typically have a longer break time than MCB’s.

3.4 DC POWER
In the DC power section, the applied learning was both from on the job concepts as well as learnings
directly from Murdoch. The key concept was how to calculate and then specify equipment for
design. It outlined the integration of all the components though electrical deign which also required
information from data sheets and technical manuals.
Generally speaking, DC power is a fundamental part of powering equipment communications and
signalling components. In the auxiliary power network, there are some required DC loads. DC loads
can usually be supplied by an uninterrupted power supply (UPS), battery charger circuit or a switchmode power supply unit. In each case, the unit converts AC to DC through a process called
rectification. Rectification can be achieved in by some methods but in general, a bridge rectifier is
used along with a filter capacitor to reduce voltage ripple (figure 9). Reducing voltage ripple is
critical in sensitive electronic components such as PCB’s and other communication devices.
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RECTIFICATION

AC SIDE

DC SIDE

Figure 9: 6 Pulse diode rectification circuit with ICAP outputs [7]

In the BESS, a number of critical monitoring devices and motorised circuit breakers are required to
continue to operate in the event of the loss NSP grid. These devices such as the System BMS and
monitoring systems are required to continue operation so that crucial information that could be
used to fault find is not lost. To this end, a battery backup circuit also includes the main motorised
circuit breaker so that the BESS can be isolated even if the auxiliary network is in fault. The primary
focus of the research was in the 24V DC supply of the battery switchgear. The process of design is
discussed and detailed in further sections of this paper.

3.5 FIRE SUPPRESSION SYSTEM
The key learning in this section was obtaining quotes and choosing a supplier/installer based on
design and cost criteria’s. To do so, a background is needed to develop a scope to send to the
supplier. In the case of the fire suppression system industry practice was to use a non-ozonedepleting gas system that was inert. Once a scope was decided upon it was sent to some suppliers
where a contractor would be chosen. The following section details the research and outcomes of
that process.
The protection of a hazard zone by a fire suppression system can be achieved in a number of ways.
However when dealing with sensitive equipment such as lithium-ion battery storage, it is critical to
understand the risks associated with that battery installation. As discussed in section 2.4 lithiumion cells can be subject to thermal runaway under overvoltage charging. In thermal runaway, the
cells can start a chain reaction that can lead to the destruction of the BESS. It is, therefore, necessary
to introduce a method of preventing a thermal runaway scenario in the BESS. This prevention
strategy includes the use of a fire suppression system within a fire protection scheme. In the case
of the BESS, a water based suppression system was not considered due to the electrical
components in the container, only gas systems were considered.
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The fire protection scheme is a combination of fire detection, alarms, control of agent discharge
and intercoms. These components together form the overall fire mitigation strategy alongside fire
ratings. The fire protection scheme should comply with AS1670.1 2004 Fire detection, warning,
control and intercom systems. In this standard, it outlines the general procedure and requirements
the protection scheme should feature.
The Fire Suppression System (FSS) is an automated system that detects signs of fire and actuates a
fire extinguishing agent. A FSS is implemented in environments of high-value equipment and critical
components to protect the area in the case of a fire. FSS actively suppresses internal fires based on
information received from sensors placed in the environment. This means that a fire in the
protected environment can be extinguished without human intervention. A FSS can be controlled
from a central location which makes decisions based on the information from the sensors; this
control method is often remotely monitored though SCADA interface.
There are a number of fully automated gas deployment systems that can be purchased and installed
from various suppliers. These systems use a patented gas and delivery system in accordance with
ISO 14520.1 2009. The fire extinguishing agents that are suitable and approved for use
internationally are listed in Table 1 of ISO 14520.1 2009.
Table 1: Listed agents
agents covered by ISO 14520.1

Due to the design specification of the project only two gas type systems we considered for
comparison FM200 and IG541. The FM-200 system uses the gas Heptafluropropane (HFC227ea)
comprising of Hydrocarbons and Fluoride. This gas is classed as non-ozone depleting and is widely
used in sensitive equipment rooms like server rooms and electronic equipment rooms. FM-200 has
become a benchmark in gaseous suppression due to its clean discharge operation and proven
reliability. The gas is safe for indoor discharge however if discharged with personnel inside the
hazard zone it can be a safety risk to the person.
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Figure 10:
10: FMFM-200 System installed [9]
The Inergen iFlow system (IG541) consists of a number of inert gases Nitrogen(50%), Argon (40%)
and Carbon Dioxide (8%). IG541 is non-ozone depleting and is suitable for occupied areas however
personnel should not be exposed to the gas longer than 30 seconds or risk severe injury or
suffocation. IG541 is specifically designed for data centres, switch rooms and power generator
facilities. The gas is colourless and odourless and leaves little residue on exposed surfaces in the
event of a discharge. Additionally to the application of electronic equipment the gas is not
electronically conductive making is much safer in high voltage applications. IG541 has taller storage
cylinder which allows the system to sit in a smaller footprint than the FM-200.

Figure 11:
11: IG541 System installed [10]
After all the information was considered the final design was obtained from the contractor as well
as input from EMC to implement the fire suppression system.

3.6 CONTAINER FABRICATION AND MINIMUM CLEARANCES
When optimising the layouts of a containerised solution when space is a premium getting the
minimum clearances correct is critical to the operation of the system. The requirements for
electrical installations are outlined in the NCC as well as AS2067 and relates to the minimum space
provisions for egress required for escape. It is especially important to conform to those clearances
in electrical installations due to the risk of being non-compliant. If a non-conformance is identified
by an electrical inspector modifications would be required which is a potentially costly mistake.
Another crucial consideration is manufacturers minimum clearance requirements. These
requirements are almost always related to ventilation and maintenance and play a significant part
in the final layout design.
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A large proportion of the design also included passive fire protection which was to be included as
per AS2067. However because the container housed a transformer under 1kV AS2067 was used as
a guide rather than a rule set. The key pieces of equipment in the control container are listed below.
Equipment
•
•
•
•
•
•
•

Inverter SMA SCS500
Transformer 0.270/0.415kV 350kVA Dry type
LV AC control Cabinet
Protection and Control Cabinet
Synergy Server
HMI unit
Distribution Board (Auxiliary power)

Using this information other market solutions were investigated, this investigation led to a similar
SMA design for an MV substation. Classified as the MVPS (Medium voltage power station) it was a
highly engineered solution which made use of heavy container fabrication to maximise space inside
a 20ft Hi-cube container (figure 12).

Figure 12:
12: SMA Medium
Medium Voltage Power Station [11]
The MVPS had two (2) SCS inverters connected to an MV transformer; the entire container can fold
up into the profile of a 20ft container and then open up for maintenance if required. It also uses
natural ventilation for cooling of the transformer which is important to note. Using the MVPS as an
initial concept the equipment was sized and drawn in sketch up to fit into a 20ft sea container
(figure 13).

19 | P a g e

Figure 13:
13: Sketch up Design of the BESS
After assessing the space for all the equipment, it was decided that a 20ft container would not be
sufficient for the needs of the project specification, and a 40ft container was considered. Using a
40ft container was approved by the client and work began on designing the layout. Having a much
larger space available for equipment allowed the design to become much cleaner and safer. All the
minimum space requirements for the major components are contained in the relevant data sheets.
This includes the Inverter, air-conditioning unit and switchboards. All electrical switchboards are
required to comply with the minimum clearances outlined in 2.9.2.2 of AS3000. Other design
material cited include AS2067 for minimum aisle widths and egress requirements, NCC Vol. 1 for
Class 8 Building requirements (Guideline), AS3011.2 for battery aisle widths and egress. The as-built
container is drawn below (figure 14) in AutoCAD.

Figure 14:
14: AutoCAD Drawing of Control
Control Container

3.7 KEY OUTCOMES
The key outcomes of the R&D section are the demonstration of learning through the examples
provided. The lesson in data sourcing from technical manual and standards proves invaluable in the
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design section and is used to a great extent in project engineering. This section outlined the
learnings, and the design section will demonstrate the application of these learnings.

4. DESIGN SECTION
4.1 DESIGN OVERVIEW
Design and innovation in an engineering sense can be described best by Nikola Tesla” Invention is
the most important product of man’s creative brain. The ultimate purpose is the complete mastery
of mind over the material world, the harnessing of human nature to human needs.” In a less abstract
sense design should be governed based on technical information and compliance to the Australian
standards. The compliance to standards and NSP requirements particularly in electrical installations
is critical to prevent injury and death. These requirements are put in place to guide engineers to
develop a safe and efficient design that is standardised across the country.
The design phase of the project required understandings from the previous research section as well
as continued learning and development. This section will outline the design tasks and processes
undertaken to contribute to the design. The importance of documentation through design cannot
be overemphasised enough as the design progresses choices will be assessed at the completion of
the project.
This section includes instances of learnings from the engineering course as well as conducted
research have been applied. It details the programs that were used and learned over the course of
the project to design a DC power supply, mechanical design and fire system design. How these
designs were achieved and verified are also included as well as the progression of a final constructed
design.

4.2 DESIGN METHODS AND PROGRAMS
This section will briefly detail the software programs used and the methods in which design was
conducted over the course of the project. The primary focus of design is to understand the technical
objectives required, the standards that it required to comply with and a way to convey it to a
manufacturer. For each design, it was necessary to review a number of standards which are cited
in each section. The technical, installation and operation manuals for any components are also
required for understanding how to integrate that component into the design. A full list of standards
used over the course of this project is included in the standards cited section.
An initial design meeting the requirements is drafted with some selection criteria. For example, if a
protection relay is required to monitor for over-under frequency, the purpose is clear. Data sheets
and standards help provide selection criteria for a component to be used; this provides the
characteristics a component must possess. Once a selection criterion is outlined, equipment is
selected and compared to a number of factors not limited to, but usually including efficiency,
availability and cost. As the design progresses forward, new elements are added, and it continues
to grow with more detail. This detail creates the fullness of the design to make it as clear as possible
to the constructor on how to proceed with the build. Many of the designs created were built over
the course of the project; this allowed for reflection and improvement on many aspects.
To be able to design any part of the project a number of skills and proficiency needed to be
obtained. For all design drafting EMC requires the use of an AutoCAD software package, this meant
becoming adept at drafting in AutoCAD 2d and 3d. AutoCAD is widely used in industry as the primary
drafting software; it is used so commonly because of its versatility and ease of use. AutoCAD came
to be used as an efficient tool for displaying ideas and designs. All electrical design symbols are ASNZS standard and conform to EMC drafting standards. Throughout the design process the template
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changes from the EMC standard to the Synergy client standard, this is due to submission of design
for a 90% review.

Figure 15:
15: Screenshot of an AutoCAD drawing of the Battery Container
Container
Another program that allowed more visualisation of the design was SketchUp Pro, which is a 2D/3D
modelling software package. SketchUp provides a much quicker modelling process, as bringing a
preliminary design into a shareable 3D space is invaluable for visualising the design. SketchUp
designs can be exported directly into AutoCAD reducing the time it takes to build 3D models.

Figure 16:
16: 3D Visualisation of the BESS using SketchSketch-up
In each section, it will be clear what software was used at what point and how it helped further the
design. Additionally, to the drafting software there was a need to use some calculation software for
electrical design. PowerCALC was used to find conductor diameters and ETAP was used to simulate
a fault for the Battery marshalling board. However these programs played minor roles, and most of
the fault simulation of the system were undertaken by Ana Zare. Using all these programs as tools
to aid the design process a standardised and verified design could be constructed.

4.3 AUXILIARY POWER NETWORK
As described in section 3.2 the auxiliary power network requires auxiliary supply from the grid. This
supply cannot be met by the generator (inverter) circuit alone because of the charge-discharge
cycle the system still requires auxiliary power when the generator is drawing power from the grid.
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As part of the design specifications, the auxiliary power does not have to operate in the event of
NSP grid loss and all power consumed by the network is counted as losses.
The initial information required was the point of connection (POC) for the network. Design
documentation shows that this POC is on the LV side of a 0.415/22kV three phase wye-delta
transformer. The main earth in on the LV side of the transformer providing a reference point for
both the main generator circuit and the auxiliary network. This meant that the supply voltage to
the auxiliary network would be 3 PH 415V line to line.
The next level of detail required was the supply loads for the equipment in the network. Each piece
of equipment required one of three power demands 240Vac (1PH), 415Vac (3PH) or 24V DC. The
data sheet for the equipment contained the supply load required which could then be used to
determine the current. All the supply information was tabulated in Appendix G, for an approximate
total load of 56kW. Referring to section 3.3 on circuit protection each circuit is required to comply
with AS3000 so based on expected loads a conductor size was selected for each circuit. Given the
conductor size and the maximum demand, an MCB could be chosen. For circuits that personnel
could interact with during operational maintenance procedures a residual current device (RCD) is
required. These circuits include mandatory RCD installation on all lights and power circuits as per
AS3000 guidelines and state legislation. This information was then put on a single line diagram
(DWG#01) for review and additional changes.
Once this preliminary design was complete, it was subject to further changes in part to new
equipment loads. The final design and selection of gear was completed by Chris McGivern, who
has the industry experience required to complete the design. The auxiliary network is contained in
the testing and commissioning section where the design is tested and verified.

4.4 DC POWER SUPPLY
The DC power supply can be considered part of the auxiliary network. Multiple loads require a 24V
DC supply including loads that must have battery back-up. The battery type used in the project is
the 192S1P Specification (figure 17), and each rack switchgear (figure 18) requires a 24V supply.
Samsung has specified a 150W Max load for each rack meaning a total maximum load of 4.35kW
for the switch and BMS (battery management system) power. This means a large amount of current
(180A) will be needed at 24V to power the racks auxiliary services. The racks also made use of a
propriety circular connector which was used for the auxiliary supply, this connector was not
included in the package procured from Samsung, and a custom solution had to be designed.

Figure 17:
17: 12 Battery trays and 1 Switchgear tray [5]
The circular connector (M12 C/A 5 Pin) was a rather difficult connector to find that has the correct
current rating. The design incorporated this unique connector and cable so that a neat solution
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could be built. It should be noted that the power supply unit was sized for maximum demand, but
the connectors did not need the higher rating due to the max load being only for a millisecond on
start-up. This high inrush current was caused by the solenoid locking into position, after that, the
load demand decreased to about 35W per rack.

Figure 18:
18: Switchgear Unit [5]
Now consolidating the electrical demand of the unit as well as the protection requirements from
3.3 a design could be finalised. The considerations for this particular unit was to build a neat solution
that could fit into a 19” standard server rack. The concept was first drawn in sketch-up for scale and
assessment (figure 19).

Figure 19:
19: Initial design concept
The next step was to specify the required components of the design. The equipment list and costs
are listed in Table 2. The HFE-1600 modules from TDK were chosen because of the high power
rating and the ability for redundancy. The HFE1600-1U-TB rack had a “hot-swappable” feature that
was included in case one of the modules failed, a new one could be replaced without putting the
unit out of order.
Table 2: Parts list for the SMPS Unit inc. Costs

SMPS Parts List
Item
5pin C/ M12 female

Product Code

5A rated, screw type

Altronics

P 9845

30

$8.65

$259.50

Altronics

S5588

30

$5.85

$175.50

Amtex

HFE 1600-24

3

$1,129

$3,387.00
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1.6kW 24V Modules

Quantity

Total
Cost

Supplier

5A Switch CB
HFE1600 modules

Cost (Per
Unit)

Detail

HFE1600 1U-TB Rack
3U Aluminum Rack Face
Wall mountable frame
(6U)

Block Terminal, Rack
mounted
MCB and terminal inputs
(Needs Fabrication)
6U enclosed wall
mounting frame

Amtex

HFE 1600-S1U-TB

1

$1,128

$1,128.00

Altronics

H 5033

1

$79

$79.00

Altrronics

HD5606

1

$309

$309.00

It was then decided that the unit would be designed as pictured although instead of in-line fuse
protection it was opted to go for small panel mount MCBs. The conductor calculations were
performed using PowerCalc and breaker size chosen to protect the cable and 5A circular fittings.
The result was a single line diagram in DWG#02. The drawing includes conductor sizes, terminal
block ratings, equipment specifications and communication cabling. Due to the M12 connectors, it
was necessary to show detail in the termination of the cables, this is shown in DWG#03. In this
drawing, the bus bar is specified using Onderdonk equation and then cross-checked using
PowerCalc. Finally, the assembly drawing was completed and attached DWG#04. During the
fabrication process, the design was required to change to the availability of the female M12
connector this forces the design to change by directly terminating the outputs to the panel mount
MCBs.

4.5 FIRE SUPPRESSION ELECTRICAL DESIGN
EMC’s FSS design was taken into account early on in the design phases of the Synergy Alkimos
1.1 MWh project. Because of the early start on the design, it allowed a refined deign to be
implemented with the design, supply and construct from Firestorm. Firestorm was contacted early
on and has since been working closely with EMC to complete an efficient and reliable design that
has little impact on the environment. It was necessary to make the following key considerations
when in the design phases,
1. Avoid the use of Halon or other chlorofluorocarbons that can cause damage to the
environment.
2. Efficient and reliable system that can perform under all environmental conditions. Include
provisions for firefighters to extinguish the internal fires without the need to open
container doors.
3. Safe discharge procedure including structural analysis due to increased pressure during
discharge.
4. Comprehensive automation and control system that can be integrated with EMC’s SCADA
system.
The layout design for the connection of the system is shown in DWG#05 and DWG#06. The system
was then installed by Firestorm contactors shown in section 5.

5. TESTING AND COMMISSIONING
5.1 TESTING AND COMMISSIONING
The testing and commissioning component of the project consisted of a number of phases and
components. The commissioning was conducted in three phases, initial inspection and test plans,
factory acceptance tests and site acceptance tests. At each one of these phases, it was critical to
assess quality, performance and conformity so that if a problem was found it could be rectified. The
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following section will discuss the processes, results and corrective actions that were executed as a
direct result of design or fabrication.

5.2 ITP METHODOLOGY
As part of EMC’s quality management plan, it was required for all builds, fabrication and electrical
installations to undergo an inspection and test plan evaluation (ITP). The ITP’s were developed using
a number of resources partially from Australian standards, manufacturer’s specifications and
standard industry practices. The function to the ITP was to ensure a quality control process that
would mitigate risk due to poor design or fabrication work.
Before factory acceptance testing could begin all critical ITP must be completed to ensure that risk
of a hazard occurring is minimised. Completing the ITPs also to ensure that the system operates as
it was intended as well as assisting troubleshooting problems with the fabrication. As part of the
quality management plan, the design engineer responsible for the fabrication and electrical
construction should develop the ITP for that construction. The ITP should be checked off against at
least two (2) engineers or qualified personnel and data outlining non-conformance should be
attached.

5.3 DC POWER SUPPLY BUILD AND TEST
The design of the dc power supply was approved for construction and was completed within five
(5) working days. The entire process of construction was done in-house and built by EMC’s qualified
electrician Damien Walsh. The first step in the building of the PSU was the front plate which housed
the panel mount circuit breakers. The design and resulting fabrication can be seen in (figure 21),
refer to Section 4.4 for the full design. The front plate was made out of Aluminium (part no. H5033)
making the penetrations in the face for the circuit breakers a quick and clean process to produce a
result in (figure 20).

Figure 21:
21: Design of PSU

Figure 20:
20: Circuit breakers being mounted in
the front panel

The next step was to construct the enclosure for the unit (part no. HD5606). The enclosure was a
flat pack type rack system that allowed 6U vertical storage at a standard 19” rack dimension. The
HFE1600 1U-TB was then assembled for installation within the enclosure, and the result is shown
in (figure 22).
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Figure 22:
22: Installation of the HFE1600HFE1600-1U TB
The module was secured on the standard rail and ran vertically on each side of the rack.
Additionally, there were two (2) brackets on either side of the rack towards the back of the rack.
These brackets ensured that once in place the modules would not become loose during transport.
At the rear of the rack three (3) L-N-E, terminal blocks were connected to the auxiliary power supply
network as per section 4.4. Once the rack was in place, and the supply cables were connected the
electrical construction was undertaken as per the design section 4.4.
The electrical construction began with the fabrication of the specified bus bar which required holes
to be drilled for cable terminations. The bursars were mounted on circular insulators spanning the
whole length of the assembly. As seen in (figure 23) the 240Vac mains power was connected
through the terminal blocks on the left side of the assembly and the 24V DC output connected
through the terminals on the right-hand side of the assembly.

Figure 23:
23: PSU Rear Assembly
The final step was to terminate the long M12 connectors to the main panel circuit breakers as per
section 4.4. In practice, this proved to be extremely time-consuming and bad design as there were
five cable terminations per output. This process was the source of the greatest learning because it
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demonstrated the importance of the practicality of a design. The assembly was finalised and the
unit was mounted on the battery distribution board, this final construction can be seen in (figure
24).

Figure 24:
24: Final assembly install.
After the final installation of the PSU, the unit was tested for output voltage and a relevant ITP was
filled out. The unit performed well in initial tests and had been used in both the factory acceptance
test and the site acceptance test successfully.

5.4 FIRE SUPPRESSION SYSTEM BUILD AND TEST
The fire suppression system required electrical and mechanical components to be installed into the
BES. The electrical system included the installation of smoke and thermal detectors and the fire
control panel. The electrical install also included the activator gas circuit which can manually
activate or stop the gas system from discharging.
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Figure 25:
25: Gas control panel
After the sensors and junction boxes were cabled and terminated the gas pipework was fitted into
the battery container (DWG#10). The final result once the tanks were in place can be seen in (figure
26). The system was then commissioned on site by a contractor with relevant fire suppression
licences

Figure 26:
26: iFlow IG541 tanks installed

6. FACTORY ACCEPTANCE TEST
The Factory Acceptance Test (FAT) occurred in November 2015 at EMC’s warehouse in Belmont
WA. The containers were moved into the exact positions they would be placed in on-site and
connected.
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Figure 27:
27: FAT Testing Area
The ultimate purpose of the FAT was to demonstrate the operation of the BESS by preforming a
charge and discharge cycle. This required a full connection of all auxiliary power devices such as
lights, communications and motorised circuit breakers. There were three main parties involved with
the FAT, Samsung, SMA and EMC. Each party had to sign off on their equipment and the integration
of the equipment into the BESS.
Samsung engineers had advised EMC’s communications engineers of the correct protocols in which
to communicate with the battery management system. Once EMC engineers were satisfied with
the connection and communications between the battery system, it was then integrated into the
inverter though MODBUS/TCP. This integration of the two communication devices (BMS and
Inverter) has been causing for concern as incorrect MODBUS maps had been provided by SMA and
Samsung. Because of this risk SMA sent a research and development engineer from SMA
headquarters in Germany.

Figure 28:
28: EMC and Samsung engineers checking battery communications
Once the team of engineers arrived from SMA, EMC connected a Generator and load bank which
was previously simulated in a power factory model. The generator was required to provide a delta
connected transformer with 415V line to line and simulate a full charge current. The generator
chosen was a 313kVA 415V Genset in YN. As the genset needed to connect to a Delta transformer
which has a line to neutral voltage of 415V, the line to neutral voltage of the current set up need to
be changed from 240V to 415V . This was achieved by removing the neutral point in the YN
configuration to make the line to neutral 415V. Once the load bank and the generator were
connected SMA’s team began to start the commissioning procedure.
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Figure 29:
29: PowerFactory Model validating the volts across the transformer terminals
The procedure required the generator to provide voltage through the transformer so that a precharge procedure can occur. The sequence is illustrated in (figure 30) which was provided in
Samsung’s final commissioning report. During this phase the power is filtered through a capacitor
then volts can be read over the AC inverter terminals. Due to this capacitive load, the generator
could not operate without a real load from the load bank without stalling. This meant that upon
start up the load bank had to provide a real load for the start-up procedure. Once the generator
was operating and the inverter was reading the correct voltage and frequency from the generator,
the pre-charge program is activated.

Figure 30:
30: SMA’s Test and monitoring setset-up
The pre-charge is the inverters first interaction with the battery bank and is where the
communications between the BMS and SCS is most critical. During this time the DC contact between
the battery and the DC side of the inverter is open. The battery voltage is then sensed and
communicated to the inverter control module. The inverter then matches the voltage on the DC
side to the battery voltage ~570-780V. When the voltages match the inverter closes the DC
contactor, and the system is connected. Once the system is in place SMA and Samsung, go through
the final checks and tests to prepare for the first discharge cycle.
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Figure 31:
31: Operational sequence for startstart-up (permitted for use) [12]
[12]
When Samsung, SMA and EMC had approved and reviewed their respective responsibilities the
system was to follow a switching schedule developed by EMC. The switching schedule minimised
the risk of system failure by activating protection devices in an orderly manner.
Table 3: BESS Charge sequence
Step

Charge/Discharge

Power

Time

1

Start Charge

10kW

PCS Pre-Charge, 5 min

2

Charge

50kW

1 minute interval

3

Charge

100kW

1 minute interval

4

Charge

150kW

1 minute interval

5

Charge

200kW

1 minute interval

6

Charge

250kW

1 minute interval

During this period, there were multiple monitoring stations recording voltage and current readings.
Over the test, the following data was recorded for the various cycles of charge and discharge. The
data in (figure 33) has been registered by Samsung within the battery management system.
Following the state of charge though the test we can see that the battery is charged to 100% SOC
then discharged to around 5% over the course of a day.

6.1 FAT RESULTS
The results from the FAT can be placed against expected performance electrically and the thermal
performance of equipment. The most critical element that needed to be proven was the
charge/discharge cycle capability at the rated power. During the test, the data showed that the
system was able to change and discharge the BESS at the rate required by the specification 300kW.
Samsung and SMA signed commissioning forms stating that the system was installed and operated
in the correct manner and is suitable for operation on site.
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The cycle test result shows that the system provided a total capacity of 1.236MWh. The
specification for the project was to provide a 1.1MWh capacity thus demonstrating that the system
was correctly sized for the specification. Samsung’s engineers commissioned the system without a
single fault proving that the system components had been well integrated. EMC engineers
confirmed that there were no faults within the balance of system that could pose a risk during
charge/discharge cycle. Further monitoring of equipment would be undertaken for the site
acceptance test in January 2016.

Figure 32:
32: EMC Monitoring station
station connected to load bank
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Figure 33:
33: Data recorded during the FAT (Permitted for use) [12]
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7. CONCLUSIONS
In future years, the BESS will collect data from the peak shaving and frequency assist modes and
will be used to assess the economic and technical feasibility of these projects in the future. ARENA
will gather that data and draw some conclusions about the effectiveness of a BESS in solving the
stated technical challenges. The project handover occurs in February of 2016 and Synergy control
the site under ARENA’s supervision. EMC has delivered the BESS to the specification required by
the client within the timeframe and has completed its objective as a supplier. EMC will continue to
monitor the system until mid-2016 to ensure that the system is operating correctly.
The objective of this work was to show the process of learning new skills and applying it to design
and assigned tasks. Through a number of examples, this objective is clearly achieved demonstrating
that various skills that have been applied. Through the research into auxiliary power networks an
understanding of protection requirements, conductor sizing and efficient circuit design was learned
as well as finding and applying technical information from equipment data sheets. It allowed the
design of an auxiliary power network and showed the use of Australian standards for design.
The demonstration of the DC power supply showed the ability to design an electrical component
based on a specification and a number of design criteria. This was shown in a practical way as it was
built and passed electrical tests, proof of operational design. Through learning about the fire
suppression system, the ability to obtain quotes and organise suppliers and contractors were
demonstrated. These learnings were demonstrated thought the design section as the final result of
learnings being applied to contribute to the project in a meaningful way.
The engineering course at Murdoch University has provided a fundamental basis for a graduate to
learn and understand the industry. This basis is provided by the variety in power and electrical
engineering along with the introduction of hybrid power systems. Due to the content provided by
Murdoch, I was able to identify and understand the larger components of a power station as well
as, the smaller converters and transformers. When researching potential ways to design the DC
power supply I often referred to notes from the course based on rectification. Additional to the
theoretical content PowerFactory was used as a means of analysis during the industry project.
In conclusion, the future of renewable energy in Australia is in a growing industry. Engineers and
energy economists are gearing up to take on new challenges such as safety, higher density storage
and cost that grid connected batteries pose. However, Australian companies and integrators are
beginning to lead the industry forward through projects like this. As part of that industry, I am
excited and optimistic about meeting the technical challenges that arise, and through that, I hope
to see a sustainable future for Australia’s energy.
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