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Abstract- Battery storage systems are becoming an 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 factors on the operation 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 knowledge of the BSS design, its operation 
and its location by understanding the real time data gathered 
using a well-equipped grid 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 of similar system. 

Index Terms-Battery storage, autonomous microgrid, air 
conditioning of battery storage systems, source of heats in 
battery storage systems. 

I. INTRODUCTION 

Electric power networks are transforming at an immense 

scale involving various distributed energy resources (DER) 

and embedded and off-grid microgrid structures. DERs 

(~2kW to 20MW) are becoming an integral part of the energy 

system as consumers, utility providers and regulatory 

agencies incorporate various power sources such as 

renewable energy, battery storage systems (BSS), fuel cells 

and traditional (thermal, diesel) generators. Navigant 

Research has already reported 1,842 microgrid projects 

around the world, which had a total power of 20GW [1], 

which indicates the scale of this new trend.  

Autonomous microgrid systems with battery storage are 

also emerging. In such microgrids, the power can be 

controlled and decisions can be made autonomously to 

regulate electrical quantities while eliminating the negative 

impacts of intermittent energy sources. A successful 

autonomous microgrid project has been developed and 

demonstrated in a region in South Australia (SA) [2]. In this 

region, solar PV penetration has been high and the demand 

profile was containing significant level of reverse power 

flow. 

Note that SA currently obtains above 40% of electricity 

generation from PV and wind energy, and has the highest 

level of wind energy penetration per capita in the world. The 

initial renewable energy target of the state has already been 

exceeded six years ahead of scheduled date of 2020, which is 

likely to reach 50% by 2025. In addition, SA is also leading 

the battery storage applications in the world to respond to the 

issues faced by the early adaption of renewable energy 

sources. 

Although limited technical, market and regulatory 

frameworks have already been developed around the world to 

utilise the battery storage systems (BSS) in power systems (in 

more than 25 distinct applications [2]), the battery storage 

technology has still in its infancy and has not been fully 

understood. The lack of understanding has been primarily 

related to the lack of real time data under real conditions. 

A BSS design can be assessed under five major categories: 

impacts of weather and thermal performance (which is the 

aim of this paper), system/round-trip efficiency, life time of 

battery unit, component and configuration interactions and 

development cost. 

Note that battery-only manufacturing costs have reduced 

about 70% (from $1000/kWh to $270/kWh) since 2010. 

Although this level of battery cost has already realized in 

numerous applications. The system cost is still high ($800-

$1000/kWh) for a wide utilization of this technology without 

government subsidies in a wide range of applications such as 

arbitrage, load leveling and renewable energy. 

It is envisaged that significant cost reductions in BSSs are 

likely to come from the reduction of development cost. This 

is mainly associated with the development of the control 

system in various microgrid topologies, and is related to 

thermal design which directly affects the life time of battery 

as well as the efficiency of the BSS. An effective thermal 

design is also related to the operation of critical components 

(isolation transformer, inverter and battery) and to the 

external weather conditions where the unit is located. 

Therefore, Australian Energy Storage Knowledge Bank 

(AESKB) project has been developed to provide a 

configurable autonomous microgrid test platform (Fig.1). The 

test platform of the project designed to operate under real 

environmental conditions in an electric power grid and can 

acquire real time data for system designers, developers, 

operators and trainers [3]. Note that this mobile system can be 

transported to any location in Australia and work under 

varying environmental conditions. The aim of this paper is to 

present the findings of a trial run of the autonomous 

microgrid system, and to present results that can be a valuable 

reference for the design of future systems. 
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II. DESCRIPTION OF THE TEST SYSTEM 

The test system described in this paper (Fig.1) contains a 

state of art BSS by offering component level testing (inverter 

and battery), flexible microgrid topologies and time stamped 

measurement system which can data log the entire electrical 

quantities (including RMS and DC voltage, current, 

frequency, phase, ROCOF, active, reactive, and apparent 

power, energy, power factor, cos ◖, fundamental values, 

THD, 50th or higher harmonics, zero, and positive and 

negative sequence components) and the environmental and 

thermal conditions of the test platform. Electrical power 

quality event recordings are also triggered by voltage 

dips/swells/interruptions, current inrush, frequency or 

ROCOF. 

Note that a typical commercial BSS usually accommodates 

a single thermally insulated room containing all switch-gears, 

inverters, battery, and control and protection systems. The 

room is temperature controlled by common air conditioning 

(A/C) unit(s). The mobile unit illustrated in Fig. 1 however, 

have two separate rooms for each major heat source (isolation 

transformer/inverter, and battery), and each insulated room 

has their own air conditioning units.  

The battery room accommodates two A/C units: one 

operates in an auto-mode (performing cooling and heating) 

and second one operates in cool mode only, which is set by 

the user reference to the type of battery used. The inverter 

room also has a separate A/C unit working in an auto-mode 

set by the user. In this configuration, the heat generation 

produced by the critical components can be managed 

accurately as their operating temperature requirements are 

different. In addition, such arrangement allows us to identify 

the impact of the controlled power, the environmental 

parameters, and the heat sources. 

Temperature measurements are obtained via RTD sensors 

including surface probes in the structure and via air 

temperature sensors. The external weather station is equipped 

with a pyranometer, and provides measurements of wind 

speed and direction, rain and hail intensity and duration, 

temperature, pressure, humidity and solar radiation. 

III.  COOLING ISSUES AND INFLUENCES 

The most significant sources of heat within the housing of a 

BSS (see Fig.1) are the isolation transformer, the inverter unit 

(ABB) and the battery bank (Lithium Ion-based, LG Chem). 

The inverters can have high efficiency (up to 97%) but only 

around their rated power. Although inverters operate under 

varying power levels, their bidirectional operation (charging 

and discharging) at higher powers contribute to the heat 

generation significantly within a confined space.  

In utility scale BSSs it is a common practice to use small-

power single phase and multiple inverter modules to form a 

three phase large-power inverter configuration. This 

configuration allows unbalanced loading, but the cooling 

system should be designed for the highest possible loading of 

all modules. These modules accommodate multiple air intake 

grills on the front and an outlet on the back, with a fan inside 

which forces the air (which is the same air inside the BSS 

housing) to flow straight through.  

Note that operating temperature and temperature bandwidth 

required in an inverter is much higher than battery 

requirements. This is also true for the isolation transformer 

that is commonly used in BSSs to interface to the main or the 

local grid (see Fig.1). 

In addition, heat dissipation in the lithium ion battery cells 

can be broken down into two main components: reversible 

heat transfer and irreversible heat transfer [4,5]. The 

irreversible heat transfer (has a positive for both charge and 

discharge stages) occurs as a result of current flowing through 

the internal resistance of the cell types, as well as the 

conditions in which they operate under. Other parameters and 

constraints include physical dimensions, energy storage 

capacity, rated temperature for maximum life. Note that 

battery rooms are also fully sealed, with no air infiltration 

from the outside, ensuring no toxic fumes are released in the 

event of combustion, as well as containing any potential 

electrolyte spillage, which are also required by the standards. 

Lithium Ion based battery thermal management system on 

the other hand has a highly unique feature to avoid the 

unexpected performance degradations and even the thermal 

runaway. Therefore, they require strict design parameters and 

constraints about internal components, floor layout, battery 

types, as well as the conditions in which they operate under.  

Adverse effects of temperature in lithium ion batteries are: 

performance degradation under high temperature, thermal 

runaway, temperature maldistribution in large-scale battery 

packs, low performance under low temperature [6]. 

Therefore, the experiments are the most prevalent method to 

analyse the thermal behaviour of batteries at the cell and pack 

level. 

     

 External wall RTD probes (4x) 

External roof RTD probes (2x) 

Floor frame RTD sensors (2x) 

Ambient air RTD sensors (2x) 

 

A/C 

 
 

 

A/C 

 

External weather station 

 

  

 

 

 
 

Fig. 1.  The single line diagram of the three phase AESKB microgrid mobile test platform and the hardware assembly layout. 



In order to calculate the total cooling load of a BSS system, 

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

also that battery heating may also be required to improve the 

poor battery performance in cold environments. However, a 

cooling unit is always required during system operation to 

maintain the BSS roomsôs internal temperature. 

Since the heat produced in BSS is dynamic in nature, as the 

operation of the system varies over the day and the worst-case 

scenario load should be considered. Hence, a thermal analysis 

will be needed to determine the required performance 

specifications such as inlet temperature, and flow rate for an 

appropriate cooling unit that is active (using cooling medium) 

in BSS. In a BSS room, insulation is commonly applied to the 

interior of the container in order to minimise the external heat 

gains, which usually accommodates given thickness high-

density polystyrene insulation, which effects the cost. 

Therefore, the heat gain for each surface of the room has to 

be calculated separately, as its orientation governs the amount 

of sun exposure. 

In addition, the BSS application itself (reference to power 

and energy application, and duty cycle) influences the 

thermal design. Furthermore, the losses (hence heat 

dissipation) increase if the autonomous microgrid with BSS 

system delivers significant level of reactive power to the grid 

(as in the voltage regulation mode of operation). 

Fire extinguishing requirements and safety are also directly 

linked to the thermal status of the system. Thermal issues not 

only influence design and installation cost, but also affects 

running cost. 

IV.  RESULTS AND SIGNIFICANCE 

Autonomously operating microgrid system (in voltage 

regulation mode with programmed active and reactive power 

limits) is connected to a distribution system as illustrated in 

Fig.2. The microgrid system is connected to a distribution 

system which has significant solar PV energy penetration 

where both peak shaving and 4-quadrant power control is 

performed up to the rated values of the BSS (250kW and 

kWh). The positive directions of active and reactive powers 

are also shown in the figure.  

The result given in Fig.3 indicates a typical total (inverter + 

isolation transformer) ñefficiency duration curveò in a given 

day. Note that the efficiency (hence the losses and the heat 

generation) vary significantly during charging and 

discharging state of the BSS. For example, about 8.4 hours in 

a day, the total efficiency is below 50% during charging. 
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Fig. 2.  Grid connection topology of the BSS test system, where the 

prosumer is a small town with significant roof-top solar PV penetration. 
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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). 

 

 
Fig. 3.  A typical total (isolation transformer + inverter) Efficiency Duration Curve in a day at the Battery-Bus. 


