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Abstract Battery storage systems ardecomingan integral part
of the electricity network in the form of an embedded and off
grid structure. However, the impact of internal and external
thermal and environmental factorson the operaion of the BSSs
are not well understood, which directly affect the design, the
setup and running cost,and the life time of the unit. This paper
aims to advance the knowledgef the BSS designits operation
and its location by understanding the real time data gathered
using a wellequippedgrid scale battery storage system as it was
operating in an autonomous microgrid configuration in a
distribution system. The results are presented to provide a
valuable reference for the design o$imilar system

Index TermsBattery storage, autonomous microgrid, air
conditioning of battery storage systams, source of heats in
battery storage systems.

I. INTRODUCTION

Electric power networks are transfdng at an immense

issues faced by the early adaption ehewable energy
sources

Although limited technical, market and regulatory
frameworks have already been developed around the world to
utilise the battery storagg/stems (BSSh power systems (in
more than 25 distinct applicationg]), the battery storge
technology has still in its infancy and has not been fully
understood. The lack of understanding has been primarily
relatedto the lack ofeal timedata under real conditions.

A BSSdesigncan be assesseaider five majoicategories
impacts of weatheand thermal performanc@vhich is the
aim of this paper)system/roundrip efficiency, life time of
battery unit, component andonfiguration interactions and
development cost.

Note that batterpnly manufacturing costs have reduced
about 70% (from $100RWh to $270/kWh) since 2010.

scale involving variouglistributed energy resources (DERIthough this level of battery cost has alreadgalizedin
and embedded and edfid microgrid structures. DERSnumerous applicationg he systemcost is still high ($800
(~2kW to 20MW) are becoming an integral part of the energy 000/kwWh) fora wide utilization of this technology without
system as consumers, utility providers and regulatogpvernment subsidies awide range oépplications such as
agencies inogorate various power sources such aghbitrage, loadevelingand renewable energy.

renewable energyhattery storagesystems (BSS)fuel cells
and traditional (thermal, dies@l generators Navigant

It is envisaged thagignificant cost reductions in BS&re
likely to come fromthe reduction of development costhis

Research hasalready reported 1,842 microgrid projectsis mainly associated with the development of tmtrol

around the world, which had a total power of 20G31],
which indicates the scale of this new trend.

Autonomous microgricsystems with battery storagere
also emerging. In such microgriddhe power can be
controlled and decisions can be made autonomousty
regulate electrical quantitieshile eliminging the negative
impacts of intermittent energy sources. Asuccessful
autonomous microgridproject has been developednd
demonstratedh aregionin SouthAustralia(SA) [2]. In this
region, solar PV penetratiohas beerhigh and the demand
profile was ®ntaining significant level of reverse power
flow.

system in varias microgrid topologies, ands relatedto
thermal design which directly affects the life time of battery
as well as the efficiency of the BS&n effective thermal
design isalsorelatedto the operation of critical components
(isolation transformer,inverter and battery)and to the
external weather conditions where the unlbcated

Therefore, Australian Energy Storage Knowledge Bank
(AESKB) project has been developed to provide a
configurableautonomous microgritest platform (Fig.1). The
test platfem of the project designed toperate under real
environmental conditions ian electric power grid and can
acquire real time data for system designers, developers,

Note that SAcurrently obtains above 40% of electricityoperators and trainers][ Note that this mobile system can be
generation from PV and wind energy, and has the high@sinsported to any locatiom Australia and work under
level of wind energy penetration per capita in the world. Th@rying environmental condition¥he aim of this paper is to
initial renewable energy targef the state has already beerpresent the findings of a trial run of the autonomous
exceeded six years ahead of scheduled date of 2020, whichitsrogrid system andto presentesultsthat can be a valuable

likely to reach 50% by 2023n addition, SA is alsoleading
the battery storage applications in the world to resporbdeto

referenceor the design of future systems.
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Il. DESCRIPTION OF THETESTSYSTEM The inverters can have high efficiency (up to 9Tonly
The testsystem described in this pap@ig.1) containsa aroundtheir rated powerAlthough invertersoperate under

state of art BSS by offering component level testing (invert)é?rying power Ievelstheir bidirectional operation(x:harging

and battery), flexible microgrid topologies and time stamp&id dischargingat higher powers contritie to the heat
measurement system which can data log thizeeatectrical 9eneratiorsignificantly within a confinedspace.

quantities (including RMS and DC voltage, current, In utll!ty scale BSSdt is a common practice to usenalt
frequency, phase, ROCOF, active, reactive, and appargﬂwersmgle phase and muI.tlpIeverter medule;lto form'a
power, energy, power fact e Phagelargepower ¢igvarigroconfiguration. This, | o
THD, 50th or higher harmonics, zero, and positive arfpnfiguration allove 'unbalanced .Ioadlng, b.uhe coellng
negative sequence compatis) and the environmental andYStém shoultbe designed forhe hghest possible loadingf
thermal conditions of the test platform. Electrical pow&" modules Thesemodules accommodate multiple air intake

quality event recordings are also triggered by voltag%'ns on the front and an outlet on the back, with a fan inside

dips/swells/interruptions, current inrush, frequency Qyhich forces the air (which ishe same air inside the BSS
ROCOF. housing) to flow straight through.

Note that operating temperature and temperdtanelwidth
required in an inverter is much higher than battery
requirementsThis is also true for the isolation transformer
r{aat is commonly uskin BSS$to interfaceto the main or the
Iocal grid (see Fig.1).
" In addition, feat dissipation irthe lithium ion battery cells
fan be broken down into twmain components: reversible

Note that a typical commercial B&Suallyacconmodates
a single thermally insulat room containing all switebears,
inverters, batteryand corrol and protection systems.h&
room is temperature controlled by common air conditioni
(A/C) unit(s). The mobile unit illustrated in Fig. 1 however
havetwo separate rooms for each major heat sousoéafion

transformerihverter, and battery), and each insulated roo i )
has their own air conditioning units. heat transfer and irreversible heatansfer [4,5]. The

The battery room accommodates two A/C units: Or{'geversible hat transfer (has a positive for both charge and
operates in an autmode (performing cooling and &ting) dlscharge stagee) occurs as a result of current flowing through
and second one operates in cowde only, which iset by (he internal resistance of the celypes, as well as the
the user reference tohe type of battery usedhe inverter condmo_ns |n.wh|ch they operat.e under. Other parameters and
room alsohas a separate A/C unitorking in an autemode constraints include physal dimensions, energy storage
set by the userln this configuration,the heatgeneration CaPacity, rated temperature for maxim life. Note that
produced bythe critical componentscan be managed battery roors are also fully sealed, with no air |nf|Itrat|en
accuratly as their operatingemperaturerequirements are from the outside, ensuring no toxic fumes are released in the

different. In additionsucharrangemenallows us to identify €Vent of combustion, as well as containing grotential
the impact of the controlled powerthe environmental electrolyte spillage, which are also required by the standards.
parameters, and the heat sources. Lithium lon based battery thermal management system on

Tempeature measurements are obtained via RTD sensdf¥ ©other hanchas ahighly unique feature to avoid the
including surface probes in the structure and via éﬁnexpected performance degradations and even the thermal

temperature sensors. The external weather station is equippigway. Theefore, they require strict design parameters and

with a pyranometer, and provides measurements of Wiﬁanstraints about internal components, floor layout, battery

speed and direction, rain and hail einsity andduration, types, as well as the conditions in yvhich_ the)_/ operate _under.
temperature, pressutieymidity and solar radiation. Adverse effects of temperature in lithium ion batteries are:
performance degradati under high temperaturehermal
. COOLING ISSUESAND INFLUENCES runaway, temperature falstribution in largescale battery
o o ) acks, low performance under low temperaturé]. [
The most significant sources of heat within the housing O{F"f‘merefore, the experiments are the most prevalent method to

BSS(see Fig.1pre thesolation transformer, thimverterunit analyse the thermal behavicafrbatteriesat the ell and pack
(ABB) and the battery Ik (Lithium lon-based, LG Chem). |gyel.
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Fig. 1. The single line diagram of thieree phase AESKB microgrid mobile test platform anchérelwareassembly layout



In addition, the BSS application itself (reference to power

Pgray Ploac) and energy application, and duty cycle) influences the
thermal design. Furthermore the losses (henceheat
ord Peranstormey Pess) dissipation)increaseif the autonomous microgrid with BSS
(generatorand Battery Storag Foms e, systemdelivers significant level of reactive power to the grid
storage System (BSS enerator) i i i
(load and 9 (as in the voltage regulation mode of operation).
generator) Fire extinguishing requirements and safety are also directly

Fig. 2. Grid connection topology of the BSS test system, where tr  linked to the themal status of the system. Thermal issues not
prosumer is a small town with significant retop solar PV penetration.  only influence design and installation cobjt also affects

running cost.
In order to calculatthetotal cooling load of a BSS system,

it is critical to know the worst case ambient temperature. Note

also that battery heating may alsorkgquiredto improve the  Autonomously operating microgrid systelfin voltage

poor battery performance in cold environmentewdver, a regulation mode with programmed active and reactive power

cooling unit is always required during system operation limnits) is connected to a distribution system as illustrated in

maintain the BSsoom® s i nt er nal t e mp eFigd.tThermécrogrid system is connected to a distribution
Since the heat produced in BSS is dynamic in nature, as $yetem which has significant solar PV energy penetration

operation of the system varies over the day and the \wwas& where both peak shaving andgdadrant power control is

scenario loadghould be considered. Hence, a thermal analygisrformed up to theated values of the BSS (250kW and

will be needed to determine the required performan&gvh). The positive directions of active amdactive powes

specifications such as inlet temperature, and flow rate for ame also shown in the figure.

appropriate cooling unit that is active (using cooling medium) The resuligiven in Fig.3 indicatea typicaltotal (inverter +

in BSS. In a BS$oom insuldion is commonly applied to the isolation transformerfie f f i ci ency imdagivemt i on

interior of the container in order to minimise the external heddy. Note thatthe efficiency (hence the lossegnd the heat

gains, which usually accommodates given thickness-higfeneration) vary significantly during charging and

density polystyrene insulation, which effects the codlischarging state of the BSBor example, about 8.4 hours in

Therefore, the heat gain for each surface ofrdwen has to a day, the total efficiency is below 50% during charging.

be calculated separately, as its orientation governs the amount

of sun exposure.

IV. RESULTS ANDSIGNIFICANCE

Fig. 3. A typical total(isolation transformer + inverter) Efficiency Duration Curve in a day at the Baiesy
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Fig. 4. Operating points of active and reactive powers in a quadrant form at the Battery Bus: Day 1 (left) and Day 2 (right).



