‘h..| l\x \ ¥
7 EU AL \l.mL

~

()
k L : - ... ..,
2 8 CEhL FNL AN
m 0. [ < i.ta; \ ) ,m,ﬂr.u A
o3 2 1. 30 W
= =
o g ﬂHa Y| ¢ gl .
“ m _ Az " LK N
W (o) M hill =% __ﬁq@_w___.WnNM LN =< \ N W
= 7 = I?WEE _q._.m@% 4,.,? o KR
€ € . p
m w M - \ d {
T 2
7 = & c
> Q + 9 ) X
= ANn Q o) o < g
N :
23 5D €0 & &y
V N < H n — f e i)
Z8:]/8 Bw 8 i
2318 88 £x B o=t
T oo |+ wc ® O 33z \ PASE AN
O =<, ® e 0w N / I =
L 19 09 o - PY{ouend e [T
'«wu C d m 4 |rn» MmN EBEE
H
o U (8 ) n =




ACKNOWLEDGEMENTS

We acknowledge permission to use the front cover photograph was kindly shared with us by
Synergy (www.synergy.net.au).

The researchers would like to acknowledge the funding for this project from the Australian
Council of the Learned Academies.

We also recognised the contributions made by all of those who participated in the
telephone interviews, focus groups and survey.

Thanks also to our case study participants for both the information they supplied and the
photographs they shared.



TABLE OF CONTENTS

EXECULIVE SUMIMAIY ..ieuiieiiierieereerenerenctenerencressteasseasssnssrnsesnsesasssassssssssssssnsssasssnsssanssanssans 1
L3V 214 o [T = £ 3
SR 1101 o T [Tt o T o 1P 5
2. Existing Energy Storage Applications and Examples ........ccceeciveiiinniiiinicienniniencninnn, 6
3. Socio-technical uptake of other Smart Grid technologies.......ccccccceiirreniiiiiireciiineennnens 7
IR Yo 1 - T PSPPI 7
3.2 SMNAIT IMIETEIS . annnanan 9
R P R o 1 A 0= =Y or Y o o ol V- S PP 10
3.4 Energy EffiCiENCy IMBASUIES .....vviiiiiiee ettt et e et e e s st e e s st e e s sabee e s enbeeeeennreeas 11
4. Models Of ACCEPTANCE .....eeeerirrenieieeirteniereeriereererennserenseeresseresssssassesenssessnsesssnsessnssses 11
4.1 Diffusion of INNOVAtION TREOIY .....iiiiiiiiieicciie e e s e s serae e e s sreaeeesanes 11
4.2 Technology AcCeptance FrameEWOIK . .......iiiciiieiiiiiieiiiiee ettt ee e sciiee e s seiree e s sateeeessreaeeessraeeeessseaeeesanes 13
TR |, 11 1 3 To T L3 U 14
DL INEEIVIBWS. i eeeeiiieeee ettt ettt e e e s s sttt e e e e e e e e s bbb aeeeeessaassbeeaeeeesesanbbteeeeeeeesanbtreaeeeeesaas 15
5.2 FOCUS GIOUPS. e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaasesasaaesasasasasasasesasasasasasasnsananasenenns 15
D SUIV Y e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaaaens 16
6.  INTEIVIEW FeSUIES c..eeeeeieeeiieiiicreecereeereenetreenereneerensesseasesensserensessnssesensesnensasennnensnnans 20
6.1 Most frequently 0CCUITING thEMES .....cii i ree e e s ereeas 20
I A DNV oY =T a1 T oAV o] - V= < TSRS 21
6.3 Barriers 10 ENEIEY STOMAZE .uuuuuuuuiuiiiiiiiiiii bt aaas e saaaaaasasasasanssnnannnns 22
7. FOCUS Group ReSUILS....cccciiiiiiiiiiiiiiiiiiieiiinieeeesnineseissisesssssnensssssnessssssssensssssssennes 24
A U= AV A oI YU I A T TP PRSI 24
72 ENBIEY SHOMAE i e e e e e 25
7.3 Information and communication about bBatteries .......ccccevvviveiiciiiree e 25
7.4 Financing investment iN Datteries. ...ttt e n 26
8. SUIVEY FESUILS ...ceeeieeniiiieiieiierrecereeereaneereenetenseerensesrenseseasserensessnssssensesnensesennnessnnans 27
8.1 Electricity bills and ability TO PAY .eeeeeciiee e 27
8.2 S0lar PV OWNEISNIP STAtUS...ccciiiuiieeieiiiie ettt e e eeitee et e et e e e etae e e e ette e e e e btee e eeabaeeeesnseeeeesnneneesennenns 29
e BT = T o VA oW ol =1 [ V= SRR 30
8.4 Battery Storage Knowledge and CUrrent STatus .......cceeeeeuieeiiiiiee e ettt e e e eee e e e 32
8.5 Battery Storage Purchasing INtENTIONS ........coiiiiiiiiiiiee et e e e e e 34
8.6 Reliability Of EleCtriCity SUPPIY covriee it e s e sbee e e e sereeas 35
A A = (o ] I T PSPPI 37
R Yol <] o - [ o LR PP PP OPPPPPPPPPTON 38
8.9 Significant variables impacting preferences (Chi Squared Analysis) .......ccccccvveercvieriieeriieeesiee e, 40
8.10 Community scale and utility scale energy StOrage ......coocveeiiecieiiiriiee e 44
8.11 Exploring factors affecting acCePtanCe ... ..cii i 46
1 R o LI {1 Lo [Nt 48
9.1 Bundaberg Christian CollEEE.......uuiiiiiiiiiiieie ettt ere e e e see e s s eabee e e e sabeeeeeeareeas 48
B 1Y o TN [ o To IO d 1Y SRR 50
9.3 Alkimos Beach Battery Storage Trial ...t e e e 51
10. (70 T3 Lol [T 1o T L3P 54
11. KeY FINAINGS cccuuiieeiiiiiiiiiiiincitnccirecrrnssreee e e renesseasessnssssensesenssesensssssnsassnsnsnen 57



GlOSSArY aNd ACIONYIMS ..ccuuiieeuiieenereenierenereeneeeesserensseresseessssessssssssssessnssessnsssssnsesssnsessnnens 58

REFEIENCES ... s 59
Appendix A Proposed Interview QUESHIONS ........ceveeereeireeirenerenernereseresceenserasernssrescrennsens 64
Appendix B SUmMmary of Interview ThemES......ccceveeereeniereeieteeereeneerenerennserenseerensessnnecees 65
APPENAIX C FOCUS GrOUP ..ccurreuerenereeerenirraeraerencreseressressseassenssrnsesnsesassssssssssssnsssasssssssanssens 69
ApPPENIX D SUIVEY ANAlYSiS..cuciuireirenirreierarerenerenerencreosreassrasernsernsessssssssssssssasssnsssssssanssens 71
APPENIX E COPY OF SUINVEY ..cuuiienniiienieteenertenerenneetensereesserenseeressessssssssssessnssessnsssssnsessnsssses 74
Appendix F Additional analyses from SUIVEY .......cccceereeuiereenierennertenerrenerenserenncerenseseaneenes 89

Page | ii



LIST OF FIGURES
Figure 1: Summary of Solar PV deployment in Australia........ccccccovveeiiiiiieecciiee e 8
Figure 2 Graphical representation of Rogers’ (1995) technology diffusion to market ........... 12

Figure 3 Schematic of the technology acceptance model (Huijts, Molin & Steg 2012)
incorporating the theory of planned behaviour (blue boxes), the norm activation model
(pink boxes) and constructs of trust and fairness (green boxes) .......cccccccuveeeeiiveeeeennnen. 14

Figure 4 Average quarterly electricity bill by State and Territory .......cccoceeeeeiveeeeccieee e, 28

Figure 5 Respondents’ ability to pay electricity bills based on combined household income 29

Figure 6 Year of installation of solar PV Panels .......cccovvveeiiiiiiiiiiiiieeeeecc e, 30
Figure 7 Distribution of solar PV uptake over time periods and Feed in Tariffs (FiTs)............ 31
Figure 8 Knowledge of home battery storage .......cccovcuviiviiiiiee e 32
Figure 9 Battery storage status: Technology adoption.........cccceevviiiieiiiiiiee e 33
Figure 10 Frequency of power outages in PErCeNtAgE ......cccvuveeiirireeeeriiieeeesiee e e e e e saaeeee s 35
Figure 11 Frequency of supply disturbances in percentage.......cccccceeevveeeevncieeeesicieeeesiieeenn 36
Figure 12 Power outages by state and territory.....ccccviiveiiiei e 36
Figure 13 Levels of trust in organisations to act in the best interest of the consumer........... 37
Figure 14 Age group as a factor of preferred energy mix........c.cceveeriniiiniinneneeeeeeee 41
Figure 15 Education as a factor of preferred energy mix ........ccccooveeriiiiiniinineee 42
Figure 16 Views on climate change as a factor of preferred energy mixX......ccccccevvveveinineenn. 43
Figure 17 Views on future energy costs as a factor of preferred energy mix.......ccccceeevvnenn. 43
Figure 18: Bundaberg Christian Colleges’ Solar Array (Source: GEM Energy).....cccccceeeercuveennn. 49

Figure 19: Bundaberg Christian College Students standing inside battery container (Source:

Figure 20 Jayne and Cathy’s house with solar panels, inverter and battery system (Source:
N TN Yo Vo I - 1 1Y) PR UR 50

Figure 21 Alkimos Community Storage Battery Container (Source: Synergy) Error! Bookmark
not defined.

Figure 22 Inside the Alkimos Community Battery Container — EMC Lithium-lon Batteries

(SOUrCE: SYNEIEY) weveeeeiieeeeeieee e e e Error! Bookmark not defined.
LIST OF TABLES
Table 1 Age and education of focus group participants........ccocceeeeeiieeccciiieeee e, 15
Table 2 Age and gender of SAMPIE ......eeiiiiiiiii e 20
Table 3 Average quarterly electricity bills by State and Territory ......ccccccvvvveeeeiiiccccciiieeeee, 28
Table 4 Current status in relation to solar PV ownership......cccccocveeiieeccciiiineee e, 29
Table 5 Factors influencing Solar PV purchase decision (Scale 1 —=5) ...cccoecuieeeiciiiieeeciiieeeens 32

Page | iii



Table 6 Factors influencing home battery storage purchase decision (Scale 1 —5) ............... 35
Table 7 Power outages by state and territory ......ccvveeee e 36

Table 8: A scenario for Australia’s renewable energy and energy storage use in 2030 based
on perceptions of likelihood for a lower or higher renewables energy mix................... 39

Table 9: A scenario for Australia’s renewable energy and energy storage use in 2030 based

on perceptions of preference for a lower or higher renewables energy mix ................. 40
LIST OF APPENDICES
11. L=V T e [T £ 57
Appendix A Proposed Interview QUESHIONS .......ccccveeireeireerrenerenereerencresserseenserescreserenssens 64
Appendix B Summary of Interview Themes........ccceuciiiiimeiiiiiieiiiiiieicnnneecesnenenesseennnns 65
Table AB.1 Key themes emerging 0N €Nergy StOragE ....ccccuiieirciieeiiiiieeeecieeeeseieeeeseeeeeessreeeeessnseeeesnes 65
Table AB.2 Drivers of energy storage themes emMerging .....cccovcveeeiiciiee e 67
Table AB.3 Barriers of energy storage @mMErZiNg ......ccueiieciiieiiiiiieeeciiee e ecieee e ecieee s serteeeessraeeesssnraeeesnes 68
APPENdiX C FOCUS GrOUP .. cicuuiiieeiiieneieieniiienieimnieisserssssersnsssssnsssssssssssssssnsssssnsssssnssssnsssses 69
Table AC.1 Focus Group DiSCUSSION GUIHE........cuuiiiiiiiiieiiiiieeesiieeeesctiteeseeiteeessateeessereeeesssraeeeessseeeessnnes 69
Table AC.2 FOCUS Group DemMOZraphiCS......uuiiiiciiieiiiiiieeeciieee ettt ee ettt e e etree e s sate e e s seaeee e s sraeeessseaeessnnes 70
Appendix D SUrVeY ANalySiS......cceiiiuiiiiniiiieiiiiniiiieiiiinieienieieiiissienriserenisssnssssnsseses 71
Table AD.1 Sample Characteristics that match those of the Australian population ...........ccceceveeenns 71
AppendiX E COPY Of SUIVEY ....cciieuuiiiiiieiiiiienniiiiiennnciitennsestesnsssssesnssessssnsssssssnssssssasnnsnns 74
Appendix F Additional analyses from SUIVeY .......cccccciiiieeciiiineiiiiiteenicnnnencennennnsessesnnsns 89
Table AF.1 How many bedrooms in house & mean electricity bill .........cccoveiiiiiiiiiiii e 89
Table AF.2 Number of people at home during peak periods & mean electricity bill ............ccccunneee... 89
Table AF.3 Size of electricity bills in mixed fuel & solar PV homes.........cccccvvveeeeiiiiiciiiiieeee e, 89
Table AF.4 Size of electricity bills in mixed fuel and solar PV homes in relation to how many people at
home dUriNg PEAK PEIIOUS. ....iiiiiiiiie ettt e e e et e e e e ta e e e e aba e e e esasseeesansaeeesansseeesanreeanan 90
Table AF.5 Current status in relation to home battery storage ownership......ccccccoecviieeecieeeccciieee s 91
Figure AF.1 Current status in relation to home battery storage ownership .......cccccceecveeeeicieeeeccnenenn. 91
Figure AF.2 Factors influencing potential purchase of a home battery storage unit.........cccccceeeuuneee.. 92
Figure AF.3 Drivers and barriers for battery storage adoption ........ccccueeeeeiieeeeciieee e 93

Page | iv



Page | v



Executive Summary

Australia today is experiencing massive changes across its energy generation landscape. With the
need to transition to a low carbon future and rising electricity prices, energy has become an
extremely contested topic, both in our Parliament and across society. The current political debate
and lack of bi-partisan support suggests there is no clear way forward for achieving the transition.
And the situation is compounded with the increasing proportion of renewable energy feeding into
the grid with no clear policy to support such an initiative over the longer term. As part of this bold
new world, energy storage is tipped to emerge as a natural complement to the ambitious renewable
targets being set across Australia. However, with its inherent infancy, the true potential of energy
storage is yet to be identified. Therefore, it is timely to understand the risks and opportunities for
this new emerging industry for Australia, as many international counterparts view our country as a

test bed for this innovation and commercial models associated with it.

This work package of research undertaken between December, 2016 and February, 2017 aimed to
identify the socio-economic drivers and barriers for energy storage in Australia by combining the
results of a literature review, focus groups, interviews, case studies and a national survey. The
literature review examined consumer responses to a range of smart grid technologies that had
relevance and pricing mechanisms including solar Photo Voltaic (PV) panels, smart meters, cost
reflective pricing and energy efficiency measures. Based on the literature review, Australia is not the
only country seeing large transformations in how electricity is produced and managed, this is a
global transition, but with local characteristics. Fellow advanced economies such as New Zealand,
United Kingdom, Germany and Japan have all investigated the social drivers and barriers for
associated smart grid technologies. What is clear however, is that there is little research in

understanding the socio-economic drivers for energy storage.

Telephone interviews with 19 key representatives from across the energy sector helped to identify
key issues and opportunities for energy storage in Australia. The major concern that arose across all
interviews was that of safety with a noticeable lack of standards for all parts of the energy storage
supply chain. This also included expressed concerns for the environment if batteries were not
responsibly recycled. Although battery storage installation standards are currently under
development in Australia, there was some concern that an early negative incident may have serious
ramifications for deployment of energy storage in Australia. Many likening the opportunity of such
an occurrence to the earlier failure of the federal government’s “Home Insulation Program”

otherwise known as the “Pink Batts Affair” under Prime Minster Rudd which resulted in four deaths.

Page | 1



This theme also arose in the focus groups that were conducted in Brisbane (2) and Melbourne (4)

with 56 participants across all ages.

Utility scale storage was less commonly referred to than battery storage but when it arose the
discussion tended to focus on the role of pumped hydro as a technology. It was recognised as an
established technology that was relatively cheap when compared to all other forms of storage. It
was noted that it is a very location specific technology, with mixed feelings about whether the issues
of competing land use and lack of available water because of Australia being a dry continent could
create social licence issues that would prevent its ultimate deployment. Either way, the interviews
revealed that some industry and government representatives saw opportunities for utility scale
storage across Australia that could ultimately help address security of supply issues in specific

geographic locations. Similar themes were also reflected in the national survey.

Another common theme was the financial considerations that might enable or impede energy
storage or for householders. It is clear that many Australians are hurting from the sharp rise in
electricity prices that has occurred over the past five years. With deregulation of the electricity
retail market, changing Feed in Tariff Schemes (FiTs) and other Time of Use tariffs (TOU) there has
developed an underlying mistrust of the government and associated energy industry by many
Australians. This has resulted in an expectation that individual consumers, who can afford home
battery storage units, may simply elect to become independent of the grid through purchasing a
battery as a way of managing costs and gaining more control over their home energy. Most
participants were of the view that early battery storage deployment will likely correlate with solar
PV ownership, especially as many householders were losing the premium FiTs. Despite this potential
new business model for householders and others, there was recognition that the current price of
battery storage units was still prohibitive for most but a downward trend in the retail price was
promising for future outlooks. This was coupled with the opportunity for various incentives both at

the government and retail level to push battery storage penetration.

The national survey (N=1015) confirmed the themes that arose in the interviews and focus groups.
Key factors that were identified as influencing a decision to purchase a home battery storage unit
included reduction in electricity costs, its purchase costs and safety features. What was also evident
is that most Australians do not understand much about energy storage and how it relates to energy
generation more broadly. Although, most are familiar with the concept of car and commonly used
lithium-ion batteries used in computers and mobile phones. There is a clear opportunity for
improved communication about the role that storage might play in Australia’s energy future but this

would be enhanced if combined with more concerted efforts to improve energy literacy of the
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Australian public more broadly. However, with a lack of bi-partisan support and clear strategy for

Australia’s transition to a low carbon future this may be challenging.

Like other national surveys ours confirmed that Australians prefer renewable (n=594, 59%) energy
but associate increased costs with its deployment. When presented with a choice between higher
and lower renewables being the most likely scenario in 2030 respondents were split with 39%
(n=397) indicating that a lower mix of renewables was likely, 35% (n=355) indicating that a higher
mix was likely in 2030 and 26% (n=263) did not know. Gender, age, level of education, belief in
climate change and an individual’s view on the likelihood of rising electricity costs were all significant
predictors of preferences towards a higher or lower mix of renewable energy in Australia’s 2030
energy generation mix. For example, older males tended to expect a lower renewable scenario as
did those who felt the cost of electricity would continue to rise. Conversely, those with post-
graduate level education and a belief in climate change felt a higher renewable energy scenario was

likely.

Despite the number of positive indications for Australians to consider the use of energy storage as
part of the new low carbon energy future the inherent mistrust in government and industry will
need to be addressed. An important component will be reducing the contested nature of political
debate and try to find bi-partisan support for a way forward. Communicating the strategy for
transitioning to a low carbon future and the role for renewable technologies and energy storage will
be critical as part of this. For in spite of the lack of trust in government to date, most Australians

looked to government to play a role in the future energy mix of 2030.

Key Findings

e Australians are deeply concerned with the sharp rise in electricity prices over the past few
years and they hold governments and energy providers, in particular retailers, directly
responsible for this.

e There is a lack of trust in governments and electricity retailers which needs to be addressed
and enabling a bi-partisan approach to energy would be welcomed by the Australian public

e While storage is still seen to be an emergent industry, there is a growing level of interest
from householder in the benefits it may bring, although most felt storage was currently
unviable.

e Many Australians feel they do not know enough about energy storage to make an informed
decision about whether to purchase a home unit or not.

e There is an opportunity for governments to build energy literacy across Australia, including

information on storage, and the range of energy generation technologies.
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Currently the lack of standards for batteries, both in relation to safety and environmental
impacts are of concern to many across the energy sector and need to be addressed as a
priority. Safety concerns also extended to first responders in the case of fires in homes or
other buildings.

Communicating how the safety and environmental aspects of home battery storage units
are being managed will be an essential element for ensuring and maintaining a social licence
to operate for the industry.

To avoid the unintended consequences of policy interventions, a clear strategy for the
proposed deployment of energy storage, including consistency around the types of

incentives offered, is required, alongside monitoring of consumer led uptake.
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1. Introduction

Over the last decade Australia has spent AUDS$39.5 billion on clean energy investment (Bloomberg
New Energy Finance 2016). As part of this, solar photo voltaic (PV) installations have grown from
8MW to 5,400MW of capacity (Australian PV Institute 2016). This growth has primarily been fuelled
by the residential sector and supported through various state and federal schemes including
generous Feed-in-Tariffs (FiTs) and Renewable Energy Certificates (RECs). The resultant 1.58 million
PV installations nationwide include penetration rates as high as 30% of dwellings in some states, for
example Queensland and South Australia, followed by Western Australia -23.8%, Victoria — 14.7%,
New South Wales 14.6%, Australian Capital Territory 13.5%, Tasmania 12.7% and the Northern
Territory 10% (Australian PV Institute 2016). This development has been widely accepted as
successful, particularly in displacing thermal generation while meeting environmental and

renewable energy targets within the short term (Chapman, McLellan & Tezuka 2016).

However, concerns have been raised in relation to inaccurate spatial and temporal discounting®
given the lack of long term targets, but also due to wider social inequality that has resulted from a
variety of environmental policies (Hobman & Frederiks 2014). Such suggestions have been primarily
associated with the cost distributions of solar, where uniform tariffs, which are not means tested,
have regressively taxed low socio-economic and vulnerable groups to fund subsidies or ‘middle class
welfare’ for more affluent demographics (Nelson, Simshauser & Nelson 2012; Simpson & Clifton

2016).

Although electricity bill concerns have reduced in some parts of Australia, with the cessation of
many of the generous FiT schemes, there still exists overwhelming concern that electricity prices will
become a financial burden within households (Agnew & Dargusch 2016). Further complicating the
phasing out of FiT schemes is the subsequent access to grid virtual energy storage (Mulder, Ridder &
Six 2010). In response to growing electricity affordability concerns, we are beginning to see
Australians turn their attention to various energy storage opportunities such as batteries (Agnew &

Dargusch 2016; Colmar Brunton 2015).

With the inherent infancy of energy storage, it is timely to understand how consumers, industry and
policy makers are responding to the technology. This report first summarises some of the emergent
literature around societal attitudes to storage. It then reviews related research into consumer
responses to a range of energy technologies and pricing mechanisms including solar PV’s, smart
meters, cost reflective pricing and energy efficiency measures and details behavioural theories that

are relevant to this study. The desktop review informed six focus groups that were conducted with a

1The idea of short-sightedness for costs/benefits that are near and immediate, but conversely far-sighted when
costs/benefits are further away into the future. i.e. time inconsistency of cost/benefit analysis (Hobman & Frederiks 2014)
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cross section of the general public in both Melbourne and Brisbane and interviews were conducted
with a range of stakeholders to understand the status of storage in Australia. Key themes emerging
from the literature review, focus groups and interviews were then used to design a national survey.
The results of which are presented in Section 8. Following this, the key findings arising from this

work package are presented.

2. Existing Energy Storage Applications and Examples

With the growing public interest in energy storage and subsequent concerns around the related
social and policy impacts, there has been a rise in the number of publications that focus on energy
storage across the world. For example, in New Zealand, concerns over energy security and increasing
demand for electricity have suggested there is growing support for in-front of the meter solutions.
However, due to the negative perceptions of battery storage as an emergent and untried technology
- with insufficient power, energy capacity and perceived high costs - battery storage is seen to hold
low likelihood of deployment compared with conventional thermal generation (Kear & Chapman

2013).

Similarly, the United Kingdom (UK) has also indicated strong support for energy storage - both
behind and in front of the meter. Drivers attributed to garnering support include both avoided
distribution network costs and reduced consumer bills (Griinewald et al. 2012). Unfortunately to
date there has been little evidence of research being undertaken to understand the public’s view on
energy storage in the UK (DBIS 2016). In Germany, during face-to-face interviews with existing PV
owners (N=532), the addition of a battery system was seen as a social obligation, contributing to the
success of the nation’s energy system transformation. Other drivers included higher independence
from energy suppliers and increased self-consumption (Gahrs et al. 2015). In contrast, another
German study (N=141) investigated the everyday perceptions of hydrogen storage. Based on survey
responses, batteries were perceived as familiar but dirty compared to other energy storage
technologies such as fly wheels - traditional, simple and clean; and hydrogen storage - clean,

modern and fascinating (Zaunbrecher et al. 2016).

Further afield, behind-the-meter options indicate a discord in perceptions and attitudes towards
battery storage. For example, in Rwanda, maintenance and technical knowledge gaps have adversely
affected battery life and systems costs, leading to negative perceptions towards batteries
(Crossland, Anuta & Wade 2015). In contrast, following the Fukushima nuclear disaster in Japan,
domestic battery storage adoption has generally been met with strong satisfaction as it is seen as a
necessary component of emergency preparedness (Abe et al. 2015).

Based on the studies outlined above, it is clear that with the growing international trend to move
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towards clean reliable energy most often supplied by renewable energy, the emergent energy
storage industry is poised for a revolution. How society responds to the various types of storage
technologies available will be very locale specific, influenced by a range of factors - not least what is
happening with energy generation in individual countries. As part of this, attention must be given to
the implementation pathways for storage. Particularly with the large uncertainty currently facing the
sector, given deregulation and discords between national and state jurisdictions. This is most
obvious with no current standards for residential lithium ion system design, battery enclosure
ventilation, maintenance testing performance and system documentation (Standards Australia

2016).

Furthermore, the uptake of energy storage holds the potential to blur distinctions between the once
clear boundaries of ‘products’ and ‘services’ for energy and other sectors. This may result in creating
large complexity for consumers, where the risk of rapid market development could possibly “erode
existing ombudsman jurisdiction, effectiveness and reputation” (Benevenuti 2016, p. 78). This is in
contrast with the Australian Energy Market Commission’s view that battery storage and “the
functions it performs are not different to other types of technology and can be accommodated
within the existing regulatory framework”, where existing “competitive market frameworks
currently in place will allow consumer preferences to drive how the sector develops” (AEMC 2015, p.
i). However, even with the time lag in policy, the development of energy storage is already
underway around the world and is expected to see strong similarities in adoption with other smart

grid enabling technologies.

3. Socio-technical uptake of other Smart Grid technologies

When considering the potential uptake of energy storage in Australia, there are a number of lessons
that can be drawn upon from the previous roll out of energy related technologies and initiatives. For
example, smart meters, solar PV cells, energy efficiency and changing tariff structures through cost
reflective pricing. Each of these have relevance for energy storage uptake as they represent new
technologies and innovations that have challenged the way that householders use and interact with
their home energy. As well lessons can be learned from the different financial structures that have
incentivised or constrained market penetration. A summary of the key findings from research
documenting societal responses to these issues are detailed below.

3.1 Solar PV

The path dependency of societal solar uptake has changed significantly within Australia in the last
two decades, and can be characterised into three eras - Pre-FiT, Premium FiT and Low FiT - where
each is influenced by different demographic variables and attitudes towards solar. These are

summarised in Figure 1 below.
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Explanatory Variables

Demographic Profile Attitude Profile
Low solar penetration mainly off-grid non- Solar holds high acceptance with educated males and
1992  domestic applications where economic factors households with children. Early grid-connected

are secondary considerations (Watt 2009). adopters are motivated by self-sufficiency, energy-
lg 66% of all successful applicants of PV Rebate I(;‘::jizr:d22:f_gg:jnz;vgzl?:’g:atp;é%; (&30
= Program (PVRP) from 2000-09 are from ! ’
T medium-high or high socio-economic postal Higher levels of education and skilled occupations
E areas. Large upfront costs excludes many low allowing access to internet are more likely to find it

to medium income households from program easier to access information on PV systems and apply

(Macintosh & Wilkinson 2011). for rebates (Macintosh & Wilkinson 2011).

Large grid connected domestic solar uptake by Strong support for solar from all demographics.
© 2008  predominately educated individuals aged 35-74  Payment preferences similar between age, income and
L - with a significant share over 53 - living in gender. Actual objective knowledge of solar is much
E detached/semi-detached owner occupied lower than perceived subjective knowledge
é dwellings and employed in a wide range of (Romanach, Contreras & Ashworth 2013).
S industries with moderate gross household . . .
é income (AcillAllen|2013; Seed Advisory 2011) Attitude-behaviour gap eX|sts'towards purchasgs of
o products as consumer ecological values and attitudes
& do not necessarily materialize into green product

2012 purchases (Claudy, Peterson & O'Driscoll 2013).

Figure 1: Summary of Solar PV deployment in Australia

The Australian experience with Solar PV has both similarities and differences with the rest of the
world. Much like Pre-FiT in Australia, the United States has seen cash incentives and rebates
experience higher behind the meter solar uptake through to 2009 (Sarzynski, Larrieu & Shrimali
2012). Similarly, there also exists overwhelming support for solar and wind in the United States,
where reduced utility bills and the environment are seen as driving factors towards installing solar
(Pew Research Center October, 2016). In the United Kingdom, drivers such as self-sufficiency, bill
savings and protection from higher energy prices are evident alongside barriers such as installation
cost and lack of trustworthy information. However, unlike Australia, which has decoupled solar
uptake with Premium-FiTs, there still remains a strong correlation between solar uptake and FiTs
(Balcombe, Rigby & Azapagic 2014). Other European countries such as Germany, Belgium and

Portugal, have also shifted away from FiTs to a system of self-consumption to mitigate against the
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public costs of solar, but also to reduce the negative impact that solar exerts on the stability of the
grid (Lorenzi & Silva 2016). In contrast, in Japan the financial burdens of solar PV installations are
diminished by a cross-selling business model where new homes? with solar enhances the
creditworthiness of customer as well as reducing solar installation costs by 10% compared to retrofit

systems (Mukai et al. 2011; Strupeit & Palm 2016).

Understanding the drivers and uptake of solar PV help to inform considerations for storage uptake in
a number of ways. Firstly, there are many who believe the early market for battery storage in
Australia will be those homes with solar PV. In particular, those households who have recently lost
their Premium FiT’s and are experiencing the true cost of electricity within their jurisdictions.
Secondly, many of the early adopters of technology are those who invested in solar and are
therefore likely to be interested in the emergent battery technologies. Finally, understanding the
influence of the various incentive schemes that promoted PV can help to inform considerations

around finance options for energy storage both at the individual and or community level.

3.2 Smart Meters

Advanced Metering Infrastructure (AMI) or smart meters, enable two-way communication of
information about energy use and are seen as critical infrastructure for successful deployment of
battery storage and cost reflective pricing. Unfortunately, due to the forced government roll out of
smart meters in Victoria, the early Australian experience with smart meters has been less than
positive. Research has shown that some Victorians hold strong public resentment of the roll out due
to issues over lack of information, choice and public consultation during the deployment of smart
meters in the state (Hall, Jeanneret & Rai 2016; Victoria Auditor-General 2015). Such opposition has
forced the Victorian government to allow distributors “to charge customers who refuse a smart
meter a manual reading fee” (Victoria Auditor-General 2015). This has been further complicated by
growing health and safety, compatibility, privacy, security and cost concerns, both within Australia
and abroad, post implementation (Hess 2014; Lamech 2014). Similarly, social concern and
heightened opposition have forced utilities in the USA to create opt-out provisions® and new
business models through monthly fees* in conjunction with restrictions around meter readings to
maintain acceptance with customers who wish to retain analogue meters (Hess 2014; Todd, Cappers

& Goldman 2013). Krishnamurti et al. (2012) suggests that with such opposition, there has been a

290% of all homes sold in Japan are newly produced and homes depreciate rapidly. (Strupeit & Palm 2016)

3 In the town of Fountain, Texas, opponents gained enough signatures to hold a ballot where one measure included
requiring replacement of the new digital meters with old analogue meters, citing the need to stop spying by “Big Brother”
(Hess 2014)

4 The California Public Utilities Commission responded to public opposition by approving an opt-out provision that allowed
customers to keep their analogue meters for an initial fee (USS65) and an additional monthly fee (US$10/month) (Hess
2014)
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number of misperceptions evidenced with the roll out of smart meters within the USA. These
include (Krishnamurti et al. 2012);
1. Smart meters, and their perceived benefits such as appliance information are often

associated with enabling technologies such as Integrated House Displays and smart
thermostats, leading to dissatisfaction when these enabling technologies are not included.

2. Concerns over loss of control due to assumed direct load control capabilities within smart
meters, irrespective of the fact that this requires further enabling technologies to stop
electricity flow.

3. Most adopters assume that installation of smart meters would produce immediate
consumer benefits, even though financial benefits are conditional.

Contrasting such experiences, a UK Department of Energy & Climate Change survey indicated that
the majority of customers with smart meters indicated they held little to no concern about their
smart meter, with only a few feeling that they had been disadvantaged enough to desire changes to
their devices (DECC 2015). That said, although the opportunities available with smart meters were
recognised, customers in the UK also felt that the rise in energy prices had offset any potential bill
savings by the changes facilitated by smart meters (Buchanan et al. 2016). Feedback also indicates
that after an early engagement period with devices, long term usage dropped off considerably as
devices lost their novelty factor as they stopped offering new information and usage progressed
from discursive consciousness® to a practical consciousness® (Hargreaves, Nye & Burgess 2013).

3.3 Cost Reflective Pricing

Another key element that may facilitate battery storage uptake will be the adoption of cost
reflective pricing and changing patterns of demand. With existing flat rate tariffs, there is little
motivation for shifting load with batteries (Khalilpour & Vassallo 2016). Although historical
responses to such initiatives have been met with inherently human tendencies to resist change,
recent empirical evidence suggest that there is growing support among Australians for more cost
reflective pricing (Deloitte 2013; Hall, Jeanneret & Rai 2016; Stenner et al. 2015). There exists
however, large differences in support for different tariff types depending on demographical factors
such as income, education, household type and rental status (Stenner et al. 2015). Furthermore,
perceptions around other cost reflective pricing concepts such as time sensitive flight and
accommodation prices were seen to play an influential role towards understanding different tariffs
(Hall, Jeanneret & Rai 2016). Unfortunately, irrespective of perceived support and interest for cost-
reflective pricing, electricity consumption for most of the Australian population still remains price

inelastic and relatively unresponsive to price signals (Hobman et al. 2016). Such price inelasticity,

5 Level of consciousness that allows individuals to reflect on and tell rational stories about their actions (Giddens 1984).
6 Automatic, habitual knowledge about how to ‘go-in’ in the world without having to make new decisions at each moment
(Giddens 1984).
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ultimately produces winners and losers across all households with the institution of different tariff
structures, irrespective of demand response, creating further concern for social inequality for policy
makers (Simshauser & Downer 2014). This poses a moral dilemma whether a non-zero sum
framework is obtainable given “bounded rationality”, and the search for immediate satisfaction
choices instead of overall spatial and temporal optimal ones (Simon 1955).

3.4 Energy Efficiency Measures

Often referred to as low hanging fruit towards a low carbon future due to the negative cost of
emissions abatement, energy efficiency measures across Australia have been critical in reducing
electricity consumption nationwide (Energetics 2016). Although there has been a strong drive by
both governments and utilities around the world to promote energy efficiency behaviours, this has
met with mixed results. Such mixed results have mainly stemmed from gaps between actual and
expected financial benefits from energy efficiency measures. This is because rising energy prices
might often outweigh expected savings, or that the scope of the intervention is insufficient to
significantly relieve worries about fuel costs (Chan & Ma 2016). In the case of residential heating,
there exists overwhelming consensus that interventions improve household perceived warmth,
satisfaction and room usage, all while strengthening perceived autonomy and consolidating the
meaning of the home as a safe haven (Willand, Ridley & Maller 2015). However, unlike other
enabling technologies, resident attitudes can often be predictors to adoption of energy efficient
behaviours, whereas subjective norms’ and perceived behaviour controls® are generally found to be
weak predictors of intentions to conserve energy (Scott, Jones & Webb 2014). In the US, there also
exists large demographical distinctions based on gender, political affiliation and socio-economic
status towards perceptions and attitudes between government and utility led energy efficiency
campaigns (Craig 2016; Craig & Allen 2014). The divide between government led and utility led
initiatives may also hold true for energy storage initiatives in Australia, particularly where individuals
hold low levels of trust in either institution. Understanding the factors that influence individual
attitudes through the national survey will be helpful to inform salient messages and communication

around the expected need and subsequent investment in different scales of energy storage.

4. Models of acceptance
4.1 Diffusion of Innovation Theory
Much has been written about the uptake and acceptance of new technologies and innovations.

Possibly the most well-known is Rogers’ (1962) “Diffusion of Innovation Theory”. In his original

7 What important others think that residents should do.
8 The extent to which individuals feel that they have control over whether or not to have household energy efficiency
intentions (Scott, Jones & Webb 2014).
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theory Rogers showed that adoption tends to fit a bell curve that compartmentalises individuals by
their speed of adoption into one of five groups. Innovators, the earliest adopters, comprise
approximately 2.5% of the population. Early adopters follow (13.5% of the population), then the
early majority (34%), late majority (34%) and laggards (16%). Rogers (1995) subsequently argued
that diffusion of new technologies into a market will occur through a socialisation process which
follows an S-curve. It starts with a slow initial penetration, followed by a period of rapid growth and
then slower growth as the technology becomes more familiar and the market becomes saturated.

The figure below plots the adopters along their likely position on the diffusion curve.

100 =

Laggards

80—
Late Majority

60 =

40

Early Majority

Percentage of saturation level

20+

Early Adopters

Time >

Figure 2 Graphical representation of Rogers’ (1995) technology diffusion to market

Rogers (1995) suggests an individual’s willingness to adopt a technology will be influenced by a
number of characteristics. These include the individual’s awareness, interest, evaluation and trials of
the technology. In Rogers’ model, individuals first learn about a technology and its function. Based
on their evaluations - either positive or negative - they will choose to either accept or reject the
technology. If they choose to adopt and implement the technology they will seek out supportive
statements to confirm their choice was a good one. Continued support for the technology reinforces
further adoption. On the other hand, if they received negative messages they are likely to
discontinue with that technology. Similarly, if an individual first rejects a technology and finds
supportive messages around the decision to reject they continue with the rejection. However, if
there is no support to reject the technology, the individual may later decide to adopt the new

technology (Gardner & Ashworth 2008).
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4.2 Technology Acceptance Framework

More recently, theories from the field of social psychology have been used to explain and predict
the social acceptance of pro-environmental innovations. Understanding why consumers support or
resist sustainable technology at early phases of its introduction can lead to more acceptable designs
and implementation of technology (Huijts, Molin & van Wee 2014), and more effective, targeted
information and communication strategies (Huijts, Molin & Steg 2012; Zaunbrecher et al. 2016). One
of the more advanced theories that provides a model to identify causal links between intentions and
acceptance is the technology acceptance framework (TAF) (Huijts et al. 2013; Huijts, Molin & Steg
2012; Huijts, Molin & van Wee 2014). It combines two well-known theories as well as constructs of
trust and fairness, to understand citizens’ acceptance of new energy technologies (see Figure 3). The
first of those theories is the theory of planned behaviour (Ajzen, Icek 1991) which proposes that
‘attitudes’, ‘subjective norms’ and ‘perceived behavioural control” influences acceptance. According
to this theory, an individual is more likely to accept a new technology if they evaluate its costs,
benefits and risks positively (i.e. attitude), their family and friends have a similar opinion about it (i.e.
subjective norms) and they believe they have the capability to use or manage the technology (i.e.
perceived behavioural control). In terms of home battery storage, perceived behavioural control
would be feeling as though you have sufficient skills and knowledge to use the product, that you can

afford the product and have the space in your home to install it.

The second theory integrated into the TAF is the norm activation model (Schwartz, Shalom H 1977,
Schwartz & Howard 1981) which states that personal norms or feelings of moral obligation influence
intentions and behaviour. Different personal norms drive people to use sustainable technologies for
a variety of reasons including benefiting the environment, reducing their electricity costs or being
less dependent on the grid. The TAF model proposes two determinants of personal norms. The first
is ‘problem perception’ which refers to the evaluation of the adverse consequences of not acting.
For example, the consequences of not using a more environmentally friendly energy source could be
air pollution and climate change (Huijts, Molin & van Wee 2014). The second factor is ‘outcome
efficacy’ which is a belief that your actions can be effectual and they will contribute to effective

solutions to the problem (Huijts, Molin & Steg 2012).
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Figure 3 Schematic of the technology acceptance model (Huijts, Molin & Steg 2012) incorporating the theory of planned
behaviour (blue boxes), the norm activation model (pink boxes) and constructs of trust and fairness (green boxes)

While only recently formulated, the TAF model has been shown to usefully explain intention to act in
favour of and against a community hydrogen fuel station, with most variables significantly
contributing to the model (Huijts, Molin & van Wee 2014). Perhaps not surprisingly, personal norm
was the strongest predictor of intention to act favourably and against the technology, which
highlights the importance of one’s moral obligations in determining pro-environment action. The
next two strongest determinants for intention to act favourably were positive affect and perceived
effects (costs, benefits, risks) of the technology and those for intention to act against were negative
affect and trust in the industry.

The model provides useful insights to apply at the householder level to understand likely attitudes
towards energy storage, in particular battery storage, that can be installed at the household level.
Many of the variables explained in the TAF model helped to inform the national survey which is

detailed in the methods section below.

5. Methods

To better understand current societal attitudes towards storage in Australia we employed a mixed
methodology. Focus groups were conducted with a cross section of the public to inform a larger
national survey. At the same time a series of interviews were undertaken with several key
stakeholders who had background knowledge and experience with storage. Interview participants
were representatives from government, industry, academia and Community Service Organisations

(CSO). This section details the various recruitment processes and methodology of analyses used.
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5.1 Interviews

A number of key stakeholders were recruited to participate in telephone interviews. Initially

participants were purposefully recruited through the position they held within organisations that

had a relationship to energy storage. Snowball sampling was then used to grow the pool of interview

participants with those being interviewed suggesting others who would be relevant to the study.

Overall 17 interviews with 19 participants were undertaken. Representatives include 4 from CSQO’s, 1

non-government organisation, 4 state government departments, 1 federal government department,

1 local government department, 6 industry representatives and 2 ministerial advisers. All interviews

were audio-recorded and subsequently transcribed. Manual coding was used to identify the key

themes arising from the interviews and these are detailed in Section 6. A copy of the interview

guestions can be found at Appendix A.

5.2 Focus Groups

Focus groups were conducted in both Brisbane (2) and Melbourne (4). Participants were recruited

using a mix of processes including placing an advertisement in a university and the Australian

Technology Association newsletter. A CSO being used to recruit one group of participants, and a

recruitment agency also being employed to ensure a balance of age and gender was reached for the

balance of focus groups. In total, there were 58 participants of which 23 were male (40%) and 35

(60%) female. Participants’ levels of age and education are detailed in Table 1 Age and education

of focus group participants below. Of the total group there were 22 (38%) participants who had

solar PV installed. Participants were also asked if they subscribed to Green Power. Two (3%)

participants were subscribers, 37 (64%) did not subscribe and 19 (33%) reported they did not know.

Table 1 Age and education of focus group participants

AGE

18-35
36-50
51-64
>65

LEVEL OF EDUCATION

High School or <

Trade certificate/apprenticeship
Diploma

Bachelor’s

Post-graduate

No.

23
12
11
11

No.

14
1
10
18
15

%

40.4%
21.1%
19.3%
19.3%

%
24.1%
1.7%
17.2%

31.0%
25.9%
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The focus groups lasted for 2.5 hours and a facilitator guided the discussion while a note taker
recorded the key points of the discussion. The focus groups were also audio-recorded to ensure
accuracy of the notes. The run sheet for the focus groups can be found in Appendix C. All
information was subsequently analysed to identify the key themes arising from the discussions and

the results are documented in Section 7.

5.3 Survey

To further elaborate on the Australian general public’s current knowledge and understanding of
energy storage a national survey was developed. The items in the survey were based on the
information that arose from the desktop research and literature review, interviews, focus groups
and the scenarios developed by Work Package 1. After pilot testing, the final survey comprised of 43

guestions divided into four areas including:

1. Demographics
2. Current energy usage and living arrangements that might influence energy usage
a. General
b. Solar PV
c. Home Battery Storage
3. Variables associated with socio-psychological theories of technological acceptance — for
example the Technology Acceptance Framework (TAF) (Huijts, Molin & Steg 2012) including
Theory of Planned Behaviour (Ajzen, | 1991) and Norm Activation Model (Schwartz, S. H.
1977)

4. Scenarios from Work Package 1 and examples of community and utility scale storage.

Demographic questions asked respondents their age, gender, postcode, relationship status, whether
they had dependent children, their country of origin, whether they were of Aboriginal and/or Torres
Strait Island origin, the level of their highest educational attainment, their occupational status, the
industry they had spent most of their career life in, their estimated household income and the

political party they voted for in the last election.

There were eleven questions that measured respondents’ energy usage. Seven questions were
about general usage and asked about the types of energy sources they use at home®; the size of
their last electricity bill (amount and time period); how financially difficult it is to pay their electricity
bills'% how often they experience electricity supply problems (a. power outages, b. supply

disturbances (Never [1] to Almost Always [6])) and about their living arrangements to allow us to

9 Responses included: Electricity, Gas (mains), Gas (bottled), Solar hot water, Solar PV, | do not have access to mains power,
Other?
10 Including an option to indicate those who do not pay energy bills
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better explain their usage. These questions included how many bedrooms were in their home (1 to 5
or more), how many people were usually home during peak electricity periods (0 to 5 or more), and
what type of residence they had (free standing/detached/semi-detached/room in a shared
residence) and the ownership model (own/rent/live with family). This latter question was included
to determine whether participants’ living arrangements allowed them to install the various energy

options (solar PV panels, gas (bottled, mains), home battery storage units).

Two further questions asked participants about their solar PV status. Options included whether they
had installed solar PV in their home, whether they had solar PV but did not install it themselves (e.g.
renting or purchased a home with a solar PV) and whether they did or did not intend to install solar
PV in the future. Participants who indicated they had solar PV were also asked the year it was
installed. It was hoped that this information could be cross-referenced with their home state or
territory, to better determine the impact of various incentives, including FiT’s, on solar PV uptake.
Two final energy usage questions were about home battery storage. One asked participants whether
they had a home battery storage unit and the response options were similar to those given above
for solar PV ownership. The final question asked participants to rate the importance of ten finance
options (Not at all important [1] to Extremely important [5]) if they were to purchase a home battery

storage unit.

There were eleven questions that measured variables associated with the TAF, to better explain why
participants were likely to be more or less accepting of home battery storage units and to a lesser
extent solar PV. Eight questions specifically addressed acceptance of home battery storage, which

can be mapped against the schematic of the TAF model in Figure 3. These were:

e KNOWLEDGE!!: “To what extent are you familiar with home battery storage and could
explain it to a friend?” (Not at all familiar [1] to Extremely familiar [5])

e TRUST: “If there is a large increase in the use of home battery storage in Australia, to what
extent would you trust the following groups to act in the best interest of the consumer?”
Participants were asked to rate the extent to which they would trust the following
agencies (Not trustworthy [1] to Extremely trustworthy [5]): Federal Government, State
Government, Electricity sector organisations, Manufacturers of energy storage technology,
Retailers of energy storage technology, Installers of energy storage technology.

e COST, RISKS, BENEFITS: “How important are the following factors in determining whether
or not you would purchase a home battery storage unit?” Participants were asked to rate

(Not at all important [1] to Extremely important [5]) the importance of eleven items that

11 |tem similar to (Agnew & Dargusch 2016)
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represented either a potential cost (e.g. “Its purchase cost”), risk (e.g. “Its safety features”)
or benefit (e.g. “It reduces your dependence on the grid”).

e ATTITUDE: “What is your attitude to home battery storage? Please mark your response
along the continuum from 1 [representing most negative] to 6 [representing most
positive].” There were four dimensions used to measure participants attitude: Very
negative to Very positive, Very unwise to Very wise, Very unimportant to Very Important,
Not at all useful to Very useful?.

e SOCIAL NORMS: participants were asked the extent to which they agreed (Strongly
disagree [1] to Strongly agree [5]) that 1) people important to me and 2) people in my
community would find it good if they installed a home battery storage unit®3.

e PERCEIVED BEHAVIOURAL CONTROL: five items were used to determine whether
participants had the resources available to them to install a home battery storage unit (e.g.
finances, space) (Strongly disagree [1] to Strongly agree [5])*.

e PERSONAL NORMS: “How strongly do you feel a personal obligation to use
environmentally friendly energy sources and methods? Please mark your feelings on the
continuum from 1 to 6” (Not at all obliged [1] to Very obliged [6])

e PROBLEM PERCEPTION™: “To what extent do you think that the following problems will
arise in the next 20 years as a result of the burning of fossil fuels for electricity?”
Participants rated (Definitely not [1] to Definitely [6]) the extent the probability of five
events occurring: Air pollution, Depletion of coal and oil, Climate change, Loss of

biodiversity, Increasing energy costs.

Another question asked participants how important a set of costs, risks and benefits were to them in
in determining whether they purchased, or intended to purchase, solar PV. Only participants who
previously indicated they had already purchased or were intending to purchase a solar PV were
given this question. Responses and formatting were similar to that of the battery question above
(COST, RISKS, BENEFITS). Two additional questions, more broadly associated with attitudes towards
technology uptake, tested a) six items from Heath and Gifford’s (2006) Free Market Ideology Scale,
which measures the degree to which participants believe that markets should be allowed to exist
unrestrained by government regulations and b) Roger’s (1962) Diffusion of Innovation theory using
Noppers, Keizer, Bockarjova and Steg’s (2015) Consumer's Adoption Stage scale. In the latter

guestion participants were asked to select the characterisation of a certain adopter segment that

12Wise, important and useful dimensions taken from (Huijts, Molin & van Wee 2014)
13 1tems taken from (Korcaj, Hahnel & Spada 2015)

14Items similar to those used by Korcaj, Hahnel & Spada 2015)

15 Items taken from (Huijts, Molin & van Wee 2014)
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fitted them best in regards to the purchasing of new technology: innovators/early adopters, early

majority, late majority or traditionalists.

Finally, the questionnaire included items from the Scenarios from Work Package 1. There were six
questions about Australia’s renewable energy and energy storage use in 2030 where participants
were asked to consider the energy mix, grid reliability option and developmental pathway they think
is a0 most likely and b) they would prefer in 2030 (see questions 36 to 41 in Appendix F). Participants
were also asked to consider two larger-scale forms of energy storage —a community-scale battery
storage project and a utility-scale pumped hydro storage project. For both, participants were asked
to rate the extent to which a) they and b) their friends and family thought they were a good idea
(Strongly disagree [1] to Strongly agree [5]). Finally, participants were asked to indicate which they

felt was the better of the two options and to give reasons for their answers.
All Likert scales also included a ‘don’t know’ option included.
Procedure

A market research company (Q & A Research?®®) was engaged to survey a representative sample of
the Australian public (N=1,015) between the 17" and 21° February, 2017. The median time taken to
complete the survey was 13.92 minutes. Key characteristics of the sample matched those of the
Australian population (ABS 2017) including age and gender, proportion of the sample from each
state and territory and employment status (see Appendix D for a complete list). There was an equal
split across gender and across three age brackets of 18 to 34 years, 35 to 54 years and 55 plus years
(refer Table 2). The mean age of respondents was 47.84 years (SD = 16.46 yrs). Sixty-five percent
(65%) of respondents were in a relationship, with 50% of those married and 26% had dependent
children (18 yrs or younger). Seventy-five percent (75%) of participants were born in Australia with
the rest mainly born in Europe (12 %; UK = 8%), Asia (8 %) and New Zealand (3 %). Participants
identifying as Aboriginal and/or Torres Strait Islanders made up 1.6% of the sample. There was a
relatively even split between the proportion of participants whose highest level of education was
high school (i.e. years 10, 11, 12; 30%); trade/certificate/diploma level (36%); and
bachelor/postgraduate (34%). Of those able to work, 67 per cent were in full time work, 25 per cent
were in part time work and nine per cent were unemployed. Just over half of the sample (53.8%)
had a household income of below $75,000; and compared to the Australian population, our sample

had fewer people in the upper household income ranges (i.e. more than $125,000; see Appendix D).

16 https://gandaresearch.com.au
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Table 2 Age and gender of sample

Male Female
Age Freq. % Freq. %
18 -34 yrs 152 15.0 144 14.2
35-54 yrs 175 17.2 177 17.4
55+ yrs 187 18.4 180 17.7
Total 514 50.6 501 40.3

6. Interview results
Those stakeholders who participated in an interview were asked a range of questions about what
they thought was the future of storage in Australia the key themes that arose from these interviews

are summarised below and detailed in Appendix B .

6.1 Most frequently occurring themes

Based on all responses by interviewees the most frequently mentioned topic was around safety
concerns in relation to the use of energy storage (N=106). This was followed by discussions around
the market (N=64) and social (N=52) factors. Other themes included policy and regulation (N=54),
information about different types of energy storage technology (N=52) and the role of government

in the process (N=32).

A wide range of energy storage technologies were mentioned, with batteries (N=10), pumped hydro
(N=11), flywheels (N=4) and hot water (N=6) being those most frequently mentioned. When
discussing utility scale, in-front of the meter solutions, size was seen as an important factor. Location
was also important and similarities were drawn with renewables that individual opportunities would
emerge based around the specific location and resource availability. Pumped hydro was also seen as
the type of storage that could help deal with additional security issues that might be cause through
different faults in the system. As well as being much cheaper than many other forms of storage. The

two quotes below highlight some of this thinking.

For example, now already today for remote communities, solar, batteries, diesel generator
backup is cheaper than diesel in its own right, just because the transport costs for diesel are
so high. So, already without government subsidies and assistance and that, there is certain
subsets in the renewables sector already are more compelling alternatives to tradition

sources already. Interview 016

what I’m saying is unless you can build chunks of 1, 2, 3 GWh who cares, and lets face,
there’s lots of really big batteries being built around the world... that’s where the

synchronous machines, particularly like pumped storage make sense, not only do you deal
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with the intermittency of renewables but you also start to deal with the ability to provide
inertia because there is a big rotating machine, and also being a synchronous machine, they

can provide fault level Interview 015

The main factors encapsulating energy storage concerns included the need for safety standards
(N=35), considerations around the environment and climate change (N=15), recycling issues (N=15)

and safety/fire concerns (N=17). The quote below clearly highlights the concerns around standards.

There was a lot of talk when we first spoke to Standards Australia about which standard
should we focus on, and the reason we did installation rather than product was, well, we
don’t really do much in the market. So it is all - there have been batteries coming into the
market, and the more critical thing is to make certain that we actually have these batteries
installed appropriately, safely and by skilled people, and we actually understand where

they’re installed, so that’s why we’ve gone with the installation. Interview 002

In relation to the market, the topics that arose included the need for smart meters (N=16), fear of
rapid development (N=12), pricing issues both in relation to cost of the technology but also the price
of electricity (N=9) and the need for cost reflective pricing to really make energy storage more
attractive. Social concerns were around the desire for independence (N=15), a recognition of the
lack of understanding about storage more generally (N=16) and the need for social responsibility so
as not to replicate the issues that arose with incentivising solar PV in Australia (N=10). Other notable
topics mentioned included the opportunities for dual functioning batteries in the form of electric
cars (N=19) as well the need for considerations of the regulatory framework and/or structure

surrounding the energy storage industry (N=19).

We literally have a twentieth century regulatory framework system in a world that's twenty-
first century world, where a whole range of possibilities are not only possible, but inevitable
and beneficial for everybody involved. Interview 006
6.2 Drivers of energy storage
The major themes that arose from the interviews around the current drivers for storage show that
participants clearly saw individual preferences (N=70) being an important consideration, financial
considerations were the next most frequently occurring theme (N=60), along with knowledge of
products (N=114) and finally ‘other’ (N=13) more generic drivers (refer to Appendix B). Key factors
that arose as drivers within the individual preferences theme included the need for independence
(N=15); the ability to go off-grid (N=12); energy storage being complementary to already installed

rooftop solar PV (N=10); dissatisfaction with electricity companies (N=10) and energy security (N=9).
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All of these responses seemed to reflect a recognition of the strong drive by many individuals to take

back an increased level of control over their energy supply.

So the fact that prices are so high and also the poor behaviour by retailers — with all the
stories about gold plating for networks and all of that sort of stuff has — breeds this sort of
mistrust — in the energy sector and flows onto wanting independence, like “I just want to go
off grid because | don’t want to give my — you know money to those companies, | don’t trust

them.” Interview 009

The theme of financial considerations related mainly to finding ways to mitigate against rising
electricity costs (N=16), the emerging opportunities for electricity trading and arbitrage (n=8) and
the impact of new tariff structures creating more opportunities (N=9). However, there was some
recognition that not everyone would be likely to have the technical knowhow, motivation or interest

in being so involved in their personal electricity supply.

It’s more flexible.... So, it just takes all that risk away from you because you know what your
input costs are. It’s interesting on so many levels. It’s such an interesting development and |
think that’s why it’s coming forward so fast, because it’s not just of interest to people who
are thinking about reducing emissions, it’s just is such a liberating technology on so many

ways. Interview 012

Other notable factors included those related to products such as the marketing spin and/or hype

(N=10) currently utilised by major battery retailers as a driver for energy storage uptake.

Probably the other broader thing that has impacted is, | think, we can't underestimate the, |
suppose, the Tesla implications, people have got excited about the... Tesla batteries are the
sexy looking batteries, yeah, the fickle consumers will want the concept of new technologies,
so digital media is becoming more and increasing prevalent, so people want the new gismo

as part of their household future. Interview 002

6.3 Barriers to energy storage
On the flip side, in relation to the barriers for energy storage within Australia, financial (N=35) and
individual (N=25) factors were also identified as the main barriers. Other barriers include policy and

regulation (N=23) and technology (N=10).

Financial factors such as cost (N=13) and justifying investment (N=10) ranked highest alongside
other individual factors such as lack of understanding/trust (N=9), location requirements (N=5) and
home ownership (N=5). This reflects the dilemma that although energy storage presents the

opportunity for individual and financial drivers, there also exists large financial and individual
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hurdles which must be alleviated before the individual drivers can be realised. Currently, the cost of
storage was seen as the largest barrier as for many the economic returns did not payback over an

acceptable time period. However, it was recognised that the price of batteries was reducing.

If it’s not economic there’ll be still some people who just want to have - be off grid, or have
their own control, or choice, but at the end of the day it’s really hard to make it stack up and

really hard to then justify the investment decision. Interview 002

Within policy and regulation, standards coverage and/or regulation (N=6) and the regulatory model

for networks (N=9) were seen as primary barriers for energy storage uptake.

I think the application process for provision to connect (battery storage units) definitely
needs to be streamlined. It can vary between networks from 24 hours to 65 days. And
telling your customer that has just bought a system that they have to wait 65 days until they

are allowed to connect or not, is a long time. Interview 007

From the interview themes, it is clear there are definite opportunities on the horizon for energy
storage. However, the legacy issues that emerged in response to the sharp rise in electricity prices
mean many individuals are cautious about trusting both government and industry led initiatives.
Energy storage, sits firmly in the middle of this, presenting both a way for individuals to become
independent of the established regimes but at the same time means they may need to invest
significant capital without the necessary guaranteed returns. This was further highlighted in the

focus group discussions with a range of representatives from the general public.
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7. Focus Group Results

The focus group discussions held in Brisbane and Melbourne were recorded and subsequently
transcribed, in addition to notes being taken throughout the discussions. The results are summarised
below and reflect the patterns that emerged from the discussion guide which can be found at

Appendix C.

7.1 Energy in Australia

When asked what they knew about energy in Australia, all groups responded that it was expensive.
Most knew that Australia was heavily dependent on coal (5/6) but there was also an
acknowledgement that Australia was in a state of transition. With references made to the blackouts
in South Australia and the imminent closure of Hazelwood power station participants expressed
concerns over reliability of supply (4/6). There was much disgruntlement with the lack of long term
energy policy planning in relation to climate change threats and that energy has become such a

politically contested topic. The quotes below represent some of the early points raised.

(Electricity) Is one of the most expensive parts of day to day living apart from your rent or
mortgage. Australia is still tied to the fossil fuel industry, yet we have so much potential for

renewables. FG6

Just on the confusion - with the Queensland government forging ahead with the Adani coal
mine - while simultaneously declaring support for 50% renewables by 2030, in the same

government. FG2

Solar was generally met with strong support with 22/58 participants having installed solar PV panels
or were renting a house with solar PV panels installed. When asked about their motivation for
installing solar the environment was mentioned in four of the six groups. However, the ability to
take up feed in tariffs (6/6), reduce electricity bills (6/6), and safe guard against future energy price
increases (3/6) as well as energy security (4/6) were seen as primary factors for adopting solar PV

panels.

Energy costs were increasing dramatically, so it was future proofing for us, and we also were
sick of summer and getting air conditioning which | wasn’t prepared to get unless we had

solar to offset our electricity costs and use. FG2

Economic, pure and sweet, looked too good to be true, but when | looked into, it obviously
was economical, it was 15% return, can’t do better than that. The only problem now is | can’t

put more panels on otherwise | lose my FiT. FG3
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These early discussions easily led into the potential opportunities and barriers for energy storage

which are detailed below.

7.2 Energy Storage

When asked about what they knew or heard about energy storage the most common response was
batteries (6/6) with many responding “Tesla” and the “Powerwall”. Pumped hydro was mentioned in
four of the groups and was recognised as a mature technology. However, participants tended to
relate best to battery storage as they felt it was something they could utilise in their homes -
depending on the price. Participant knowledge of batteries was mixed. Most mentioned phone,
computer and car batteries and there was some discussion around the different types of chemical
batteries in particular lead acid and lithium-ion. The discussions also ventured into electric vehicles

and the role that they might play in balancing a household’s electricity supply and demand.

The questions that arose in relation to battery storage included whether there were established
safety standards both for importing as well as installing batteries (6/6). Similarly, when battery IP
ratings were discussed, concerns were expressed around what the safe operating temperatures of
batteries were (6/6), the risks of fire and water hazards and what might happen to a battery storage
unit in a bush fire (2/6). Participants were also interested in the look and feel of the batteries,
wanting to know what size the batteries came in and how much room would be needed in their back
yard if they were to install a battery. Whether they could install a battery unit in a garage or whether
it might need a separate garden shed (6/6). There was also some interest expressed in the type of
maintenance required (4/6) and whether batteries would create any unwanted noise (either running
or when being installed). Discussions also ranged into the environmental impacts of batteries,
whether they could be recycled (6/6/) and what resources were required over the longer term to

sustain a large battery industry.

7.3 Information and communication about batteries

Participants were interested to learn more about the various options available to them in relation to
purchasing a battery and whether such a purchase would benefit them financially and/or have a
reasonable payback period. Most acknowledge they had limited knowledge about energy storage
and felt they would actively seek out information from trusted sources. These sources included both
friends and family and others in the community who they expected to be knowledgeable on the
topic. The participants also expressed a need to see information that could easily compare the
different products available and what would be involved in installing one of them. Overall lack of
credible information and leadership were challenges which must be addressed. The quotes below

reflect the lack of information but general interest in the topic.
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Wide range of sources, you’d want to hear it from people you knew, advertisements, articles
in many newspapers, to almost change the culture to be more welcoming of the technology.

FG4

Standardized information method. Just to look a list, and see some sort of method for
deciding best solution. (apples and apples comparison) If a claim is made, they better prove

it. If we put onus back on suppliers, then there is accountability. FG3

7.4 Financing investment in batteries

When discussing the different financial models for integrating batteries with home electricity, most
participants expressed a preference for a set and forget type. Many participants appeared
motivated to invest in battery storage if it could either reduce their electricity bill or it allowed them
to go off-grid and be independent of the electricity retailer and industry more broadly. Recognition
of how fast the landscape changes with new technologies, participants acknowledged their fears
that the new battery technologies of today will likely be very quickly redundant, and so they
expressed a desire around not wanting to lock in a specific technology too early. Therefore, choosing
to delay their purchase to be able to invest in a more polished future product (6/6). That said, most
respondents thought that batteries would follow the uptake path of solar PV panels in Australia and
felt that the more affluent Australians will become the early adopters of battery storage creating

some concerns over social equity issues as was seen with the solar PV FiTs.

Even if there is an incentive, some people will have caution because I’'m not going to invest
yet. If | wait 5-10 years, | will be getting a better unit that is also cheaper and more reliable,

and all those bad businesses will have gone bust. FG2

The current product is not the product of the future. | just seem to think they’re going to get

smaller and they’re going to get better. FG5

There was no clear indication of the preferred incentives for batteries or if it was felt they were
necessary. However, tax breaks, FiTs, leasing and rebates were all discussed and perceived
somewhat favourably. Ultimately, the economic rationality and financial flexibility that enhanced
long term affordability of batteries, were considered suitable drivers for adoption. However,
concerns were expressed for the financially and socially vulnerable with recognition that Solar PV

Fit’s had ultimately penalised those who were unable to afford the solar panels.

What’s your incentive here, you’re going to pay more, no that’s not an incentive, and that’s
the problem that you can’t give incentives to people that are going to see themselves paying

more. FG3
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8. Survey results
As detailed in the Methods Section (Section 5) the survey covered a wide range of topics. Here we
detail the results relevant to the current project. As electricity prices was an issue that frequently

arose across both focus groups and interviews the survey responses are expanded upon first.

8.1 Electricity bills and ability to pay

The average quarterly electricity bill (for those of the sample paying for electricity, n=936) was
$373.74 with a standard deviation value of $266.58. There were 16 participants who reported
paying $0.00 and further analysis showed that 15 of these participants had solar PV panels. Shown in
Figure 4 is the percentage of participants with and without solar PV panels by their quarterly
electricity bill. Evident in this figure is that a higher proportion of participants with solar PV panels
were paying the lowest amounts (up to $200) and conversely, a higher proportion of participants
without solar PV panels were paying between $201 and $600. For both groups, participants paying
more than $1001 per quarter all reported having three or more people at home during peak periods.
The mean quarterly electricity bill of participants with and without solar PV panels was $311.47

(SD=5282.35) and $392.87 (SD=$258.75), respectively.
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Figure 4 Electricity bill per quarter with and without solar

Further analysis by State and Territory is shown in Table 3 and Figure 5 below. Although it shows a
spread of bill prices across Australia, caution must be taken with interpretation of these results. The
small sample size for Northern Territory and Tasmania would skew the data. Further interrogation of
the price data confirmed a trend that on average those living in smaller houses tended to have lower
electricity bills and as the number of people at home during peak electricity periods increased, so

too did their bills (as described above). A similar trend was also revealed when the energy mix data
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was interrogated with those living in an electric and bottled gas house (Mean=5458.77) or all-

electric house (Mean= $421.85) having the highest bills. All prices reduced substantially for all

energy mixes after that.

Table 3 Average quarterly electricity bills by State and Territory

State / Territory Mean SD N min max Median
NSW $388.22 $243.27 259 $0.00 $1,590.00 $310.00
Victoria $338.45 $222.68 222 $0.00 S$1,500.00 $300.00
Queensland $429.63 $322.43 184 $0.00 $1,935.00 $359.00
South Australia $410.81 $262.34 75 $0.00 S$1,400.00 $350.00
Western Australia $282.14 $260.19 111 $0.00 $1,551.00 $223.00
Tasmania $373.22 S211.11 23 $150.00 $900.00  $340.00
Northern Territory $751.44 $508.82 9 $16.00 $1,500.00 $890.00
ACT $332.25 $209.65 53 $25.00 $1,073.00 $300.00
$1,400.00
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Figure 5 Average quarterly electricity bill by State and Territory

Most respondents (n=592, 58.3%) reported that paying their electricity bill was never a problem for

them. Twenty-two percent (22%, n=224) reported that they sometimes found it hard to pay their

electricity bill when it becomes due. With smaller numbers (approximately 6%) who always

struggled to pay their electricity bills or pre-paid them. Further investigation also confirmed that the

size of household income does impact on respondents’ ability to pay as illustrated in the figure

below.
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Figure 6 Respondents’ ability to pay electricity bills based on combined household income

8.2 Solar PV Ownership Status

During the telephone interviews, many participants suggested that early battery storage deployment
would most likely follow that of early solar PV uptake. This section provides an overview of
responses that relate to solar PV and confirms some of that hypothesis. Of the total sample, 19%

had installed solar PV panels to supply their house and an additional 6% had a house that had solar
PV which they had not made the purchase decision about. Twenty percent (20%) suggested they
intended to purchase solar panels in the next 5 years while 33% had no intention of purchasing solar
PV panels. A further 17% did not know and 7% provided other open ended reasons around this

question.

Table 4 Current status in relation to solar PV ownership

Current status in relation to solar PV ownership Freq. Percent
| have solar PV panels installed to supply my household 190 18.7
My house has solar PV panels installed but | did not make the purchase decision 56 5.5
| intend to install solar PV panels within the next 5 years 190 18.7
| do not intend to install solar PV panels 333 32.8
| do not know 174 17.1
Other 72 7.1
Total 1015 100.0

Analysis of the “other” responses showed that the majority of these respondents were unable to
purchase solar PV because they were renting and therefore had no influence over the decision

(n=42). However, several made mention that they would like to purchase solar PV if they moved and
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were buying their own home. The other key response area was around some form of restriction
(n=29) that prevented them from purchasing outright. These were either around an inability to
afford the purchase where solar PV was still considered expensive or it may have been around
ownership, body corporate rulings or even issues around shading that made the purchase of solar PV
not justified. Example quotes of these open-ended responses are listed below:

o ['dlove to install solar technology but sadly we are renting so cannot do it

e |livein a 6 storey apartment block so it is not possible at this time.

e [intend to move to a house I'll build and install solar panels within the next 5 years.

e [I'minterested in solar panels but want to do more research.

e  Council owned trees prevent me from installing solar as they block my roof of sunlight.
8.3 Solar PV Purchasing
Participants who had installed their PV system were asked to indicate the year that they purchased
their solar PV system and the responses are shown in the figure below. The sharp rise in
installations during years post 2009 reflect the introduction of higher incentives from various state

governments.
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Figure 7 Year of installation of solar PV panels

Based on the solar installation year and comparing that with State based data, an estimate of the

impact of solar incentives could be predicted. Incentives were segregated into four categories:

e PVRP —Representing pre-2008 when the PV Rebate Program was available

e Premium FiT’s — Representing FiTs of more than 40c/kWh, typically from 2009-2012.

e Moderate FiT’s — Representing FiTs between 10-40c/kWh, typically from 2012-14.

e Low-FiT’s — Representing FiTs less than 10c/kWh, most offered by retailers and typically
post-2014.
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The response categories are detailed across states and territories in Figure 8 below to provide some
indication of the influence of FiT’s in purchase decisions. The analysis shows that in some states
uptake (SA and QLD) diminished over time with reducing FiTs. However, others saw an increase

(NSW and WA) or similar uptake (VIC) post Premium FiTs.
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Figure 8 Distribution of solar PV uptake over time periods and Feed in Tariffs (FiTs)

The diminishing uptake may indicate a level of saturation within states like South Australia and
Queensland who already have high penetration rates. Another factor might include the phasing out
of Premium FiTs directly onto Low FiTs in QLD, which spurred an increased level of solar uptake in
2012. For states with increased or similar solar uptake, factors such as falling technology costs and
rising electricity costs might be the drivers that pushed solar PV uptake post Premium FiTs.
Unfortunately, the dataset for TAS, NT and ACT was not comprehensive enough to determine

differences in uptake between eras.

It must also be noted that there exist a few inconsistencies across the time periods for different
states, as jurisdictions phased out premium and moderate FiT at different times. This is most evident
in Queensland, where it changed directly from Premium FiTs to Low FiTs in 2012. Other
inconsistencies include time differences between approval and installation which are not captured in
the data. As a result, installation dates on the border of each time period were assumed to have held

approval a maximum of one year earlier.

Respondents with, or intending to purchase solar PV (N=380), were asked a number of questions
around what factors influenced their decision to purchase. The responses were based on Likert scale
response where 1 = not at all important to 5= extremely important. The mean responses are

detailed in Table 5 below.
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Table 5 Factors influencing Solar PV purchase decision (Scale 1 —5)

Factors influencing purchase decision Mean  Std. Dev. N
It reduced your electricity costs 4,57 0.83 370
The better control it gave you over your electricity 4.25 0.91 370
Its purchase cost 4.23 1.00 374
The availability of feed-in-tariffs 4.12 1.04 365
The availability of a subsidy (e.g. lump sum) that made it more 405 365
affordable 1.22

It reduced your dependence on the grid 4.05 1.12 366
Its safety features 4.03 1.11 362
Its benefits to the environment (e.g. reduce GHG emissions) 3.91 1.16 374
It improved the value of your home 3.89 1.12 368
The availability of Renewable Energy Certificates 3.48 1.35 328
The way it looked on your home 2.70 1.41 369
You liked what it said about you 2.63 1.45 355

8.4 Battery Storage Knowledge and Current Status

Respondents were asked “To what extent are you familiar with home battery storage and could
explain it to a friend?” The pie graph below (Figure 9) gives a breakdown of responses. The results
confirm that the majority of individuals have very little knowledge of home battery storage with 41%

not at all familiar and 29% only slightly familiar.

M Not at all familiar

m Slightly familiar
Somewhat familiar
Moderately familiar

m Extremely familiar

Figure 9 Knowledge of home battery storage

When asked to indicate their current status in relation to home battery storage ownership, only 2%
owned a home battery storage unit and a further 14% indicated they were intending to purchase
one. Another 23% were interested but were not intending to purchase, while 11% had no interest or
intention to purchase one. Thirty-eight percent (38%) felt they did not know enough about battery

storage to make a decision and another 12% were unsure.
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Building on Rogers’ (1962) “Theory of Diffusion” a question was asked around individual responses
to technology adoption and this was compared with intention to purchase a battery storage unit.
Although the technology adoption question only had four response categories, Figure 10 below
clearly shows that those who classify themselves as early adopters or part of the early majority are

more likely to own, or intend to own, a battery storage system.
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Figure 10 Battery storage status: Technology adoption

When comparing solar PV status and purchasing intention with battery storage status and
purchasing intention, the figure below appears to confirm the thinking that arose in interviews. That
is, that the diffusion of battery storage into society would follow the path of the solar PV panels (i.e.
those with solar PV already being installed being more likely to install battery storage). It also
suggests that there could be some reticence to purchase based on a lack of knowledge and this
suggests there may be an opportunity to educate more Australian about the role that storage might
play, based on the ACOLA study, through a concerted communication and engagement plan.
Regardless it will be clear that the cost benefit analysis will need to be clearly explained to gain and

maintain trust of the lay public.
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8.5 Battery Storage Purchasing Intentions

Respondents were asked to identify the level of influence various factors that arose from the focus
groups might influence their purchasing decision using a Likert scale (1 = not at all important to 5=
extremely important). Between 10 and 16% responded with the don’t know choice but mean
responses of the rest of the sample are shown below. The numbers again clearly reflect the impact
of rising electricity costs on individuals with it being the number one factor influencing purchase
decision (mean=4.43). Other important factors included the purchase cost of the storage unit and its
safety features. Control over electricity and reduced dependence on the grid reinforces the theme of
individuals perhaps not trusting those supplying their energy and their motivation to detach

themselves from them.
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Table 6 Factors influencing home battery storage purchase decision (Scale 1 —5)

Factors influencing purchase decision Mean Std. Dev. N
It reduces your electricity costs 4.43 0.93 905
Its purchase cost 4.35 1.01 907
Its safety features 4.25 1.01 903
The better control it gives you over your electricity 4.15 0.97 896
The availability of a subsidy (e.g. lump sum) that made it more 4.13 1.04 886
affordable

It reduces your dependence on the grid 4.09 1.05 889
Its end-of-life recyclability 3.82 1.17 851
Its benefits to the environment (e.g. reduce greenhouse gas 3.78 1.20 903
emissions)

It improves the value of your home 3.68 1.28 885
Disturbances it might cause to your home (e.g. noise, space, heat) 3.68 1.24 873
The way it looks in your home 3.06 1.37 879
You like what it says about you 2.56 1.43 845

8.6 Reliability of Electricity Supply

Reliability and security of supply is also considered a critical consideration for householders. This is
particularly since the South Australian blackout and the national discussion around the integration of
renewables into the grid as their market share increases. Across the energy sector there has also
been an ongoing discussion about whether individuals would happily accept a lower reliability
standard for reduced electricity prices. Respondents were asked two questions around how often
they experienced power outages (including planned and unplanned blackouts) (see Figure 11) and

supply disturbances (flickers, dimming, interruptions) (see Figure 12).
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W Never
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M Sometimes

m Often

B Almost always

H Don't know

Figure 11 Frequency of power outages in percentage
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Figure 12 Frequency of supply disturbances in percentage

The results suggest that Australia’s electricity supply is relatively reliable with 16% reporting never

experiencing a blackout and a further 56% suggesting they seldom do so. Given that it is well known

that some states have experienced issues with security of supply (i.e. South Australia and Tasmania)

we subsequently analysed these first question on power outages by breaking down responses by

state. The results are shown in Table 7 and Figure 12. The responses clearly reflect the recent issues

in South Australia.

Table 7 Power outages by state and territory

Never Seldom Sometimes Often Almost Don't Number
always know
NSW +ACT 21.3 57.4 139 4.1 0.6 2.7 338
Victoria 15.9 58.1 17.5 4.1 0.4 4.1 246
Queensland 16.7 62.1 18.2 2 0.5 0.5 198
South Australia 0 33.3 47.4 16.7 1.3 1.3 78
Western Australia  11.6 55.4 23.1 6.6 1.7 1.7 121
Tasmania 2 17 3 1 0 0 23
Northern Territory 9.1 18.2 36.4 36.4 0 0 11
70
60
50
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always
Rating

Figure 13 Power outages by state and territory
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8.7 Levels of Trust

Based on the literature review it was clear that trust was an important element for home battery
storage uptake. Respondents were asked “If there is a large increase in the use of home battery
storage in Australia, to what extent would you trust the following groups to act in the best interest
of the consumer?” (Likert scale of 1= not trustworthy and 5=extremely trustworthy and also a don’t
know option). The mean responses confirm that levels of trust in the federal and state governments
and electricity sector organisations were low, with slightly lower trust expressed for electricity sector
organisations (retailers) (see Figure 14). Manufacturers and installers of energy storage technology
were trusted the most with retailers of energy storage technology the next most trusted. This low
level of trust in government is most likely linked to the frequent and substantial changes to

electricity policy over the past decade.
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Figure 14 Levels of trust in organisations to act in the best interest of the consumer
Note: Error bars are standard deviation amounts

Finally, within the survey it became apparent there was an underlying mistrust of the government
that emerged in relation to how they would manage storage uptake and to act in the best interests
of the consumer. This type of response to government also emerged as part of the open
commentary box when thinking about the scale of energy storage.
Government needs to stop ripping people off like the current reduction of tariff buy-back
reduced from 50.33 to now $0.08. **** they cannot leave anything good alone. It was
working out so well for us now it is hardly worth having the solar panels. Don’t trust any

government project as it always turns to ****, Not very happy at all. |D 247

Recent events in South Australia have clearly proven that "Renewable" Energy sources as a
stand alone do not work and do not have the capacity for storage. Battery storage is

dangerous as most consumers have no idea on both maintaining and storing these items.
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Replacement costs will be exhorbitant, with limited warranty on the items. Initial costs may
be cheaper via subsidies however, those subsidies will not allow for replacement. This is very
similar to the ceiling insulation issues during the Rudd Government Stimulus Programme in
2008/2010. ID 581
8.8 Scenarios
Based on the scenarios developed in Work Package 1, participants were asked to build what they felt
would be a likely and preferred scenario for Australia’s renewable energy and energy storage use in
2030. The decision making involved evaluating three factors expected to influence Australia’s use of
energy and energy storage in 2030 and deciding how likely each was as well as to identify which was

each individuals most preferred option. The three factors to select from included:

e The mix of energies: what the coal, gas and renewable energy mix would be to supply
Australia’s energy needs in 2030 compared with today’s generation mix. The choice was a
lower renewables energy mix (Coal: 25%, Gas: 21%, Renewable energies: 54%) or a higher

renewables energy mix (Coal: 5%, Gas: 18%, Renewable energies: 77%).

e  Grid reliability: how the reliability of the power in the grid will be maintained in 2030,
considering Australia’s increasing use of intermittent renewable energies. Whether through

having an appropriate level of stored energy or suitable levels of coal and gas generation?

e The development pathway for energy storage technology: Energy storage technology has the
potential to advance in different ways and this will affect the types of technology developed
and the sites used to locate larger-scale energy storage technologies. Choices were one of
three pathways that involved either: the law of demand and supply, market demand subject

to environmental and social constraints, or advancement through government influence.

Outcomes were arranged according to participants’ likely and preferred energy mix and are shown

in Tables 8 and 9.

Renewables penetration by 2030

Table 8 shows that the sample was fairly evenly split regarding their views on the likely future energy
mix — with 39% (N=397) of participants indicating that a lower mix was likely, 35% (N=355) indicating
that a higher mix was likely in 2030 and 26% (N=263) did not know. In comparison Table 9 shows
that considerably more people preferred a higher (N=594, 59%) than a lower energy mix (N=196,
19%) in 2030 with similar numbers not knowing which they preferred (N=255, 22%). This preference
for higher renewables is evidenced in attitudinal surveys from both across Australia and
internationally which seems to demonstrate society’s preference for a clean green future. However,

it appears that many are more pragmatic in what they think will transpire as further analysis of the
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data indicated that almost 40% (N=238) of those who preferred a higher energy mix in the future,

felt that a lower renewables future was more likely based on their choices.

Likelihood

For grid reliability, sixty percent of those who reported that higher renewables were more likely to
be used in the future also reported that it would be more likely that “Significant energy storage will
be required to manage the intermittent nature of most renewables”. Conversely, 60% of those who
said that lower renewables were more likely reported that “Coal and gas power generation will be
used to cover any extended periods when the supply of renewable energy is low” would be the
more likely scenario (see Table 8). Interestingly, a similar number from both the lower (45%) and
higher (44%) renewables ‘likely’ groups reported that it would be more likely that “Storage
technologies will advance according to demand, so the cheapest forms will be added when and
where it is needed and subject to environmental constraints and social acceptance”. So there
appears the public perceive there to be both a lower and higher renewables route to energy storage
usage in the future. Those advocating the lower renewables route as being most realistic, suggest
that coal and gas will likely play an important role in bolstering the reliability of the grid. While those
who suggest a higher renewables route are more likely to consider energy storage the means by
which the grid will be stabilised. Advocates for both routes believe that storage technologies will
most likely advance according to market demand, subject to environmental constraints and social
acceptance. Only a smaller proportion think it is likely that the advancement of energy storage use

and technology will be guided by the government.

Table 8: A scenario for Australia’s renewable energy and energy storage use in 2030 based on perceptions of likelihood for a
lower or higher renewables energy mix

Likely in 2030
Lower renewables (397) Higher renewables (355) | don't know (263)

Grid reliability likely

Coal & gas 60% (237) 27% (96) 16% (42)

Energy storage 29% (116) 60% (212) 23% (60)

don't know 11% (44) 13% (47) 51% (161)
Development path likely

Corporate/consumer 20% (81) 21% (74) 8% (22)

preferences

Supply/demand & cheapest

form added subject to env

) ) 45% (180) 44% (157) 18% (48)

constrainst and social

acceptance

Government influence 18% (71) 23% (83) 8% (22)

Don't know 16% (65) 12% (41) 65% (171)
Preference

In terms of preference for the advancement of energy use and storage, as previously reported,

nearly 60% of the sample preferred a higher renewables mix in 2030 and nearly three quarters of
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this group preferred that energy storage rather than coal and gas bolster grid reliability (see Table
9). Further, nearly half of the preferred higher renewables group also preferred that “Storage
technologies will advance through government influence, causing the development of novel
technologies, the location of large-scale storage sites in areas with low impact on the local
environment and heritage and that benefit regional communities”. In contrast, 56 per cent of
participants who preferred a lower renewables energy mix, also preferred that coal and gas bolster
the reliability of the grid. A considerable proportion of the lower renewables group (34%) preferred
that energy storage play a role in supporting grid reliability. In terms of their preferred development
path for storage technology, 35 per cent of the lower renewables ‘preferred’ group desired that
“Storage technologies will advance according to demand, so the cheapest forms will be added when

and where it is needed and subject to environmental constraints and social acceptance”.

There appears to be a relatively clear route for advancement of energy use and storage for the large
proportion of our sample who prefer higher renewables which involves the use of energy storage for
grid reliability and government influence of its growth. The lower renewables route is less clear.
There is a preference for coal and gas to maintain the grid, but also to a lesser extent energy
storage. Market forces subject to environmental and consumer concerns are the preferred means of
advancement for energy storage, but government influence and corporate/consumer preferences

remain influential.

Table 9: A scenario for Australia’s renewable energy and energy storage use in 2030 based on perceptions of preference for
a lower or higher renewables energy mix

Prefer in 2030
Lower renewables (196) Higher renewables (594) | don't know (255)

Grid reliability prefer

Coal & gas 56% (109) 16% (97) 12% (26)

Energy storage 34% (66) 74% (437) 22% (50)

don't know 11% (21) 10% (60) 66% (149)
Development path prefer

Corporate/consumer 2% (43) 15% (88) 6% (13)

preferences

Supply/demand & cheapest
form added subject to env

) ) 35% (69) 29% (171) 14% (32)
constrainst and social
acceptance
Government influence 24% (46) 45% (266) 12% (26)
Don't know 19% (38) 12% (69) 68% (154)

8.9 Significant variables impacting preferences (Chi Squared Analysis)
Further analysis of the preference data was undertaken to elucidate if different demographics

influenced the preferences of respondents. Gender, age and level of education were all significant
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predictors of preference, as was the respondent’s belief in climate change and whether they

believed the cost of electricity was likely to continue to rise. These analyses are detailed below.

Preferred energy mix and gender

While a similar proportion of males and females preferred high renewables in 2030 (M=57.6%,
F=59.5%), a considerably higher proportion of males compared to females preferred lower
renewables in 2030 (M=23.3%, F=15.2%). The difference in proportion was significant ( x*(2, N =
1015) = 13.46, p < 0.01).

Preferred energy mix and age groups

The percentage of participants aged 18-34y, 35-54y and 55+ as a function of preferred
energy mix in 2030 is shown in Figure 15. While a similar proportion of all age groups preferred
higher renewables (Y=59.5%, M=58%, 0=58.3%), more of the older group preferred lower
renewables in 2030 (Y=17.2%, M=15.1%, 0=25.1%) and fewer of this age group responded with
‘don’t know’ (Y=23.3%, M=27%, 0=16.6%). (The differences in proportions are significant, x*(4, N =
1015) = 19.29, p < 0.01.) Given that this older generation has grown up with thermal generation and
is more familiar with this type of generation this result is not surprising. The growth in renewables
has really only occurred in the last ten years and so it is feasible to believe that younger respondents

are more likely to prefer the cleaner generation types.
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Figure 15 Age group as a factor of preferred energy mix
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Preferred energy mix and education

The percentage of participants educated up to Year 12, up to Cert 4/adv Dip, and up to Post Doc as a
function of preferred energy mix in 2030 is shown in Figure 16. In regards to a preference for higher
renewables in 2030 the more educated groups had a stronger preference for higher renewable
energy penetration (LE: 50.5%, ME: 56%, HE: 68.3%). As well, there were more respondents from the
least educated group that said they did not know the answer to the question, and conversely fewer
in the higher educated group (LE: 28.7%, ME: 24.2%, HE: 14.2%) . The differences in proportions are
significant, x2(4, N = 1015) = 26.69, p < .001. This is perhaps not surprising and may imply that those
with higher education levels have a stronger belief in the science of climate change and therefore

the need for a low carbon energy supply which is most often represented as renewable energy.

M lower renewables

percent
N
o

m higher renewables

10 - | don't know

togri12 Trade, to Cert Bach/Postgrad
4, to adv Dip

level of education

Figure 16 Education as a factor of preferred energy mix

Preferred energy mix and perspectives on climate change

The percentage of participants who believe that climate change will unlikely, probably, or most likely
to occur as a function of preferred energy mix in 2030 is shown in Figure 17. There was a higher
proportion of people in the ‘least likely’ to believe climate change group and a lower proportion of
people in the ‘most likely’ group who preferred a lower renewable energy mix (L: 52.6%, P: 22.7%, H:
12.7%). Conversely, those who most strongly believed that climate change would occur preferred a
higher renewable energy mix (L: 26.8%, P: 50.6%, H: 73.6%). All of these differences in proportions
are significant, x%(4, N = 1015) = 122.68, p < .001.
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Figure 17 Views on climate change as a factor of preferred energy mix

Preferred energy mix and perspectives on increasing energy costs

The percentage of participants who believed that electricity costs will unlikely, probably, and most
likely increase as a function of preferred energy mix in 2030 is shown in Figure 18. Those who prefer
a lower renewable energy mix were more likely to think that energy charges will not increase
(L:46.7%, P: 24.4%, H: 16.2%), while those who prefer a higher renewable energy mix thought it was
probable or likely to increase (L: 31.1%, P: 48.3%, H: 68.9%). All of these differences in proportions
are significant, x?(4, N = 1015) = 55.31, p < .001. This result seems to confirm that most individuals
associate renewable energy with a much higher costs of electricity. With the changing landscape of
the levelised costs of electricity for the different forms of generation it may be an important area to
include in communication. Clearly demonstrating the various costs could help to empower

individuals in their energy choices.
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Figure 18 Views on future energy costs as a factor of preferred energy mix
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8.10 Community scale and utility scale energy storage

From this study it is clear that one of the big challenges for understanding energy storage
uptake is the scale at which it might occur. Although much of the immediate relevance of
energy storage for the general public is at the household battery level, there are many
industry and academic representatives who recognise and advocate for larger energy
storage options. Recognising this, and to better understand individual attitudes to storage,
we provided participants with two scenarios that described both a community scale
(battery) and a utility scale (pumped hydro) storage option. Participants were asked
whether they felt the storage sounded like a good idea and whether they felt their friends
and family would support that choice to test the influence of social norms on responses.
Analysis suggests that respondents were slightly more supportive of the community scale
battery option (Mean=4.08, SD=.85) compared with the utility scale pumped hydro option
(Mean=3.82, SD=.96). They were also more likely to think that their friends and family would
support the community scale battery, although this was to a lesser degree than the overall
individual responses. The open ended comments were coded to find the key themes that
emerged from each participant based on whether they preferred the community scale
battery option (n=541) or the utility scale pumped hydro option (n=469). Analysis showed
that a small group (n=3) of participants misread the question and thought that the pumped-
hydro storage option would only be in Victoria, which was not the intention.

Results suggest that key support for the community storage option was around the benefits
use of batteries would bring in reducing costs (n=68) and secondly, that it would be much
easier to manage and implement than a pumped hydro storage project (n=25). Overall, for
those participants who supported the battery option felt that it offered greater flexibility
and would be useful at other community levels. The quotes below represent those who

were most supportive of community scale storage options.

Despite creating jobs & generating economic benefits, the utility-scale project results in too
many negative environmental impacts. If the community-scale project was rolled out to
increasingly larger numbers of homes the positive benefits would be numerous & grow

exponentially. ID 525
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| think option 2 is too expensive to get support and it will need this partnering with energy
companies with the government - the companies may not be trustworthy enough or like the

government control in this option. ID 322

This option has the potential to grow and, with appropriate legislation, could even be made
mandatory for all new buildings, thus indefinitely increasing its capacity, whereas the other is

forever limited. |D 159

Opportunities for the how distant future? | think in the near future the battery storage
project in homes and businesses would help people like me who have days with no money at
all and continue to struggle with bills, including electricity. Anything that will reduce the cost
ASAP will be wonderful and good for the environment. The hydro-electric power plant will
take many years with squabbling greenies and fors and against in different quarters. It will

take an eternity to build but once it's done it will be well worth jt. ID 537

Those that were more supportive of the pumped hydro storage option felt that it would
create jobs (n=26), be less costly (n=17) and overall be easier to implement and manage
(n=13). Conversely, some expressed concerns around the availability of water and finding
sites with enough space to build such projects (n=42) and the costs involved (n=11). The
comments below emerge from those with more positive attitude towards pumped hydro.
| think the hydro-electric power plant is a good idea because hydro-schemes already exist
and are under utilised. Secondly, they only need to kick in when required during peak
seasonal periods. It also focuses on the use of higher renewable sources and less use of
carbons. This has greater benefits for the environment as a whole. It is also a cleaner way of

producing energy needs. |D 550

| think the utility scale is needed to provide fair and equitable access. Otherwise, those least
able to afford it will find themselves paying the highest costs for their energy usage as they

wont be able to participate in things like household solar or stored energy. | also think there
may be pushback to large scale construction projects, but | think it is definitely preferable to

building coal fired power stations. ID 576

1000 community-based batteries seems insignificant relative to the population and energy
demands of Australia. Also, having these contingency measures stored in privately owned

businesses and homes just strikes me as counter intuitive. ID 878
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The implementation of a hydro-electric power plant would offer more future opportunities

because it would bring employment opportunities and stability to Victoria as well as save

households money in the long run.

It sounds like, if the infrastructure needed for option two, is not an environmental issue, then

the rewards and results that are able to be reaped from this project would service a larger

number of people and therefore be more economical.

8.11 Exploring factors affecting acceptance

One objective of the survey in this project was to better understand psychosocial factors that

influence participants’ intention to purchase a home battery unit. Based only on correlations, results

indicate support for Huijt and colleague’s (Huijts et al., 2012, 2013, 2014) Technology Acceptance

Model. Underpinning their model is the theory of planned behaviour (Ajzen, 1991) and the norm

activation model (Schwartz, 1977, 1981). The former theory suggests that we can better predict the

way a person will act if we know a) their attitudes about it, b) their beliefs about how people close to

them will view their behaviour (social norms), and c) their perceptions about their own ability to

perform the behaviour (perceived behavioural control). It also suggests that attitudes are the

formed after considering the costs, risks and benefits of a given behaviour. Our results show that

medium-sized and statistically significant correlations exist between each of these variables and

intention to accept a battery home unit (refer Figure 19).
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Figure 19 Correlations between variables included in the Technology Acceptance Model
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The social norm variable (2 items collapsed: people who are important to me and people in the
community would think it a good idea if | purchased it) and intention to accept variable was
correlated at r = .33. The perceived behavioural control items were found to represent two factors:
1) able — to what extent participants’ home was suitable, they could decide the changes they made
in their house, they could afford storage and they felt it was easy for them (3 items collapsed); 2)
manage — to what extent a home battery would fit with their lifestyle and would not require too
much adjustment to how they used power (2 items collapsed). As might be expected, having a living
arrangement that physically allowed an individual to install a battery and also to afford it was more
highly correlated with intention to act (r=.42) than management issues associated with the battery

(r=.25).

Those people who had a more positive attitude (i.e. thought it was a more positive, wiser, useful and
important) toward home battery units were also found to have a stronger intention to purchase a
unit (r=.44). Factors positively associated with ‘attitude’ were: a view that home battery units would
provide energy use benefits (3 items collapsed: reduce electricity costs, give better control over
energy use, reduces dependence on grid) (r=.39); would benefit the environment (r=.27); would be

safe (r=.17); and their purchase cost was suitable (r=.16).

The second theory informing the Technology Acceptance Model is the norm activation model, which
asserts that a person’s norms influence their pro-environmental behaviour. An antecedent of this is
an awareness of the environmental problem. Our results showed that participants who more
strongly felt obligated to use environmentally friendly energy sources and methods (personal norm)
were also more likely to have an intention to accept (r=.24). The strength of this correlation wasn’t

as high as those for attitude, perceived behavioural control (able) or social norm.

There was a large positive correlation between personal norm and problem perception (5 items
collapsed: the extent to which participants believed air pollution, depletion of coal and oil, climate
change, loss of biodiversity and increasing energy cost will arise in the next 20 years as a result of
the burning of fossil fuels (e.g. coal, oil) for electricity) (r=.57). A strong positive correlation also
existed between personal norm and perceived benefits (environment), r=.52, which means that
those people who were more likely to purchase a battery because of its benefits to the environment,
were also those who felt more obligated to use environmentally friendly energy sources and
methods. There was also a medium-sized negative correlation between personal norm and free
market ideology, which assesses the degree to which the participant believes a free market system
has a positive or negative effect on the environment (6 items collapsed), r=-.30. This correlation
demonstrates that those who are more likely to support free market ideology are less likely to feel

obligated to use environmentally friendly energy sources and methods.
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Together these results appear to show that variables from both theories influence intention to
accept a home battery unit, but that those from the theory of planned behaviour have a stronger
association. We also found the knowledge of home battery storage had a medium-sized positive
correlation with attitude and with intention to accept. In the TAM model, trust of institutions was
advocated as being an antecedent to one’s perceptions of the costs, benefits and risks associated
with attitude toward acceptance. We found that small to medium-sized correlations existed
between trust (in government and the energy sector — six items collapsed as statistically shown to
represent one factor) and the perceived benefits only. The largest of these were between trust and a
benefit associated with self-identity — that is, the extent to which owning a home battery unit would
add to one’s self-identity and social status. Perhaps it is not surprising that trust in agencies who
are encouraging the rollout of home battery storage would be associated with a better view of its

benefits.

A multiple regression analysis revealed that the above variables accounted for R? = .34,
F(15,468)=16.36,p<.001. The adjusted R? value of .32 indicates that nearly a third of the variability in
intention to purchase a home battery storage unit; and this was the result of five statistically
significantly variables: Perceived Behavioural Control (Able) (f=.26, p<.001), Social Norm (B=.18,
p<.001), Knowledge (B=.17, p<.001), Attitude (B=.17, p=.01), and Perceived Behavioural Control
(Manage) (B=.14, p=.01). Again, indicating that the variables associated with the theory of planned
behaviour were more able to predict intention to purchase, than those of the norm activation

model.

9. Case Studies
As part of the investigation, a number of case studies were identified where energy storage has

already been deployed around Australia. A summary of three of these are included below.

9.1 Bundaberg Christian College

Bundaberg Christian College is an independent day school that provides a dynamic and production
learning community for student from K to Year 12. The schools mission of equipping students to
make a positive impact on the world around them is most evident with their April 2016 installation
of 732 solar panels (194kW) around the school to reduce their electricity consumption from

330MWh to 130MWh/yr.
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Figure 20: Bundaberg Christian Colleges’ Solar Array (Source: GEM Energy)

Schools are perfectly made for solar, in the sense our usage starts to climb at 8, and starts to
decrease at 3, perfectly correlating with our solar production. Business Manager, Bundaberg

Christian College

But instead of stopping at just solar panels, they have gone one step further by also installing 30
Hitachi Lead Acid batteries (250kWh) to become the largest hybrid solar installation in Australia. The
resulting battery addition has helped the school to get reclassified off demand tariffs by further
reducing their annual electricity consumption to 75MWh by storing their excess solar generation for

self-consumption during the night.

We have a lot of sun in Queensland and a lot of roof space and schools, so if we can install
more solar and use it more broadly, there are opportunities there, it just has to become

viable. Business Manager, Bundaberg Christian College

The whole endeavour has cost the school approximately $650,000, but also reduced their electricity
costs by 80%, giving them a payback of around seven years. For purposes of energy security during
extended periods of low solar exposure, the system remains grid connected. The projects exposure

has also led to strong interest from several other schools across Australia.
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Figure 21: Bundaberg Christian College Students standing inside battery container (Source: BCC)

9.2 Jayne and Cathy

Jayne and Cathy are a couple who live in the north-east of Melbourne. For many years, they had
been battling with constantly unpredictable and inconvenient grid drop-outs resulting from their
Single Wire Earth Return line connection. To combat such electricity reliability concerns, in February
2016, they ended up self-funding from their superannuation, the installation of a 6.6kW Solar and
32kWh of Lead-Gel batteries system on their property. To accommodate the batteries, they have
had to upgrade their carport into an insulated double car garage to house the temperature sensitive
lead-gel batteries. During the summer the household air conditioning is used to cool the garage so
that the batteries don’t overheat. Alongside their initial energy security drivers, they also attribute a
desire to become more self-sufficient, mitigate against rising power costs as well as becoming more

environmentally conscience.

Having control of where our power comes from has made us extremely aware of our own

energy consumption. It was also satisfying to watch our TV and see everyone around us in

darkness. — Cathy

- — T — —

Figure 22 Jayne and Cathy’s house with solar panels, inverter and battery system (Source: Jayne and Cathy)
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To complement their hybrid setup, they also have a petrol generator as a system backup. Their
system is still grid connected but have strong intentions to go off grid in the near future with a few
minor changes to their setup. They are continuing their pursuit of self-sufficiency and have recently
added a wood-fire backup to their electric hot-water system as there is no gas within their area.

They also intend to add solar hot water later this year.

Their choice of battery technology came from extensive research. They found that although the
newer technologies were impressive on the surface, concerns around space requirement, cost,
maintenance as well as the general lack of the long-term experience were significant factors against
adopting these new technologies. Salt based batteries were considered unsuitable due to load
characteristics. Lithium-ion batteries were much more expensive than lead, and were found to hold

too many safety issues associated with them.
Lead batteries have been around for 100 years, and everyone knows how they work - Jayne

Although having been a very exhausting, expensive and time-consuming experiment for the both of
them, Jayne and Cathy are extremely satisfied with the outcomes as it has improved their daily lives

significantly knowing they are not at the mercy of electricity drop outs and future price rises.

9.3 Alkimos Beach Battery Storage Trial

Alkimos Beach, on the surface, is a typical northern suburb of Perth, not too dissimilar from the
numerous community developments situated across Australia, thriving with young families and
working households. The Alkimos Beach Battery Storage Trial is led by Synergy in collaboration with
Alkimos Beach development partners Lendlease and LandCorp with additional funding from ARENA.
These organisations have come together to trial a new innovative approach to community battery

storage at Alkimos — virtual energy storage.
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Figure 23 Alkimos Community Storage Battery Container (Source: Synergy)

Residents are not directly connected to the shipping container sized battery (1.2MWh of Lithium lon
batteries) that sits alongside their community, but they virtually deposit and withdraw credits in the
battery through excess rooftop solar production for a small monthly subscription cost of $11/month
(36.1680 cents per day) by participating in the specifically designed time-of-use Peak Demand Saver
Plan trial. This allows them to bank excess rooftop solar production when the sun is shining, that
would otherwise spill to the market. These banked production units can then be withdrawn during
the evening when household consumption generally peaks, but the solar panels are not producing
electricity. It effectively allows residents to virtually increase their self-consumption of solar and

reduce their overall electricity bills.

The ‘virtual account’ is reset at the end of each day, such that excess solar credits do not roll over
but are accumulated and settled at the Renewable Energy Buyback Scheme rate (7.135¢/kWh) at the
end of the billing period. In the case where credits are exhausted prior to the end of the peak period,
residents are charged the relevant time-of-use rate of 47.85c/kWh during peak events (4pm-8pm).
This is considerably higher thanthe Peak Demand Saver Plan Off-peak rate of 25.603¢c/kWh which
they would be charged during any other part of the day. Comparatively, customers on the standard

Home Plan tariff are charged a rate of 26.4740 all day every day. The Peak Demand Saver Plan model
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provides the residents with a financial incentive to match their excess solar production during the

day with evening electricity consumption.

Cost saving was a significant factor in participating in the trial. We have been able to save
50% on our electricity bills. At the same time, we have learnt how to use our appliances
around the new rules, because it is a little different now with a battery as opposed to before.
But luckily for us, the big behaviour change was actually when we got the solar panels, with
the battery you have a little bit more flexibility, but obviously you have to know how it works.
It’s not just set and forgot, there are rules behind it, mostly coming from the power provider.

Alkimos Beach Resident 1

However, the project hasn’t been without a few hiccups along the way. Last year Perth experienced
an untypically long, cold and rainy winter which affected the residents’ solar credit production. This
meant that residents often were not producing enough credits to offset their increased energy

consumption. As a result, some residents noticed their bills had increased.

Last winter we noticed that our electricity bill had gone up almost 80%. But we weren’t
surprised because we had noticed that our heating had gone up because of the long cold
winter. It also rained a lot, so we were not producing a lot of solar, unfortunately. But that’s
something you can’t control. Other than that, we have been satisfied with the trial. Alkimos

Beach Resident 2

While on the surface it might seem counter intuitive for Synergy, as an electricity gentailer, to
participate in a trial that reduces customers’ electricity bills, it is part of a bigger plan to save money
by reducing infrastructure spending, which can then be passed on to the customer as well as trialling
innovative and relevant product offerings to meet customer needs. For Lendlease, the project is a
part of a strong vision to become the new benchmark for sustainability, working towards carbon
neutral communities, with the battery storage trial being just one of many innovative and strategic

infrastructure initiatives they are delivering at Alkimos Beach.
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Figure 24 Inside the Alkimos Community Battery Container — EMC Lithium-lon Batteries (Source: Synergy)

10. Conclusions

Given the importance of energy to Australia’s economic and societal well-being, combined with the
politicisation of all things energy related, there are a number of conclusions that can be drawn from
this study. What is clear from this research is that Australians are deeply concerned with the sharp
rise in electricity prices over the past few years and they hold governments and energy providers, in
particular retailers, directly responsible for this. While storage is still seen to be an emergent
industry, there is a growing level of interest from householder in the benefits it may bring. Both
through providing more flexibility to manage the cost of electricity as well as provide individuals with
greater control over the way they use energy. This is particularly prevalent with the recent blackout
events in South Australia and the announced closure of Hazelwood power station, where concerns
are emerging over the reliability of Australia’s energy supply. The growing level of interest in storage
is demonstrated through the case studies in this report as well as other anecdotal evidence that
emerged from the study including fringe of grid and remote operations. There is a proportion of the
population, householders and some industry, that are implementing storage for a multitude of

reasons.

While it is recognised that battery storage, in most instances, is not commercially viable right now.
With individuals feeling the pinch of rising electricity costs, combined with their mistrust in
government and energy providers, it seems there will be uptake of home battery storage units, for

those who can afford it. Individuals feel it will provide them with greater control over their electricity
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supply. Some even suggested they would consider disconnecting from the grid and going it alone all
together if they had the opportunity. As mooted by those who were interviewed and focus group
participants the survey showed that those most likely to be the early adopters of battery storage will

be those with existing solar PV installations.

Alongside the growing interest in battery storage there was also a number of concerns which have
high relevance for governments across all levels. Currently the lack of safety standards around
batteries was seen as a real concern. Several individuals, likened the negative potential of the
absence of standards for batteries in Australia to that of the earlier “Home Insulation Program” of
the federal government. Colloquially known as the “Pink Batts Scandal” it resulted in the death of
four individuals. Similar concerns were also expressed in relation to the management of the
environmental impacts of batteries, particularly at the end of their life. Although it is recognised
that progress in developing standards is being made, this needs to become a high priority for all
involved in the industry not only to allay societal safety concerns but also provide more certainty for

the industry as well.

The need for safety standards was also alluded to around the potential dangers for first responders
at household fires and other emergencies. Concerns were raised about emergency workers being
told not to attempt to put out fires if lithium-ion batteries were installed because of the chance for
explosions. In cities or other built up areas, this was felt to have potential dire consequences for
homes adjacent to those with installed batteries. Similarly, there were concerns raised around how
insurance companies might respond to householders installing batteries moving forward. The
registered database of batteries was seen as an important first step in helping to allay safety
concerns for first responders. Although, it is not clear how definitive these safety concerns are, early
attention by industry and government to address the concerns raised will be critical. Communicating
how the safety and environmental aspects of home battery storage units are being managed will be

an essential element for ensuring and maintaining a social licence to operate for the industry.

The results from the survey also suggest that there may be some reticence in purchasing battery
storage units because of a lack of knowledge about them. It also confirmed a lack of understanding
of the role that energy storage, at different levels of scale, might play in Australia’s future energy
mix. If government believes that energy storage has an important role in securing a part of
Australia’s future energy mix, communication of how it works, the benefits it can bring and the
investment required will also be an important element for successful deployment. However, this lack
of understanding is not just specific to energy storage and speaks more broadly to the lack of energy
literacy of most Australians. Given the critical nature of energy, the politicisation, and the

contestation that surrounds the options for transitioning to a low carbon supply, communication
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and engagement of the public on the topic of all things energy, to include energy storage, could be
very helpful in regaining trust in both government and the energy industry more broadly. When
questioned about storage, participants easily recognised lithium-ion batteries and talked about the
“hype” around Tesla as one of the well-known battery storage brands. They also expressed concerns
around the environmental impacts of pumped hydro if not managed well and ensuring

understanding of these technologies will be a critical part of gaining support of them.

Directly coupled to the value proposition for home battery storage units will be the availability of
various pricing structures. It is clear that TOU pricing will help to drive energy consumption
behaviours off peak and allow individuals who have flexibility to capitalise on their alternative use of
electricity. This clearly speaks to the need for proactive collaboration between government and
industry to ensure benefits can be achieved, but also to ensure those from low socio-economic
groups are not disadvantaged by new modes of pricing. Similarly, it was very evident how
government incentives and FiT’s drove the uptake of solar PV. We are already seeing a number of
incentives being offered for batteries in some states. To avoid the unintended consequences of
policy interventions, a clear strategy for the proposed deployment is required alongside monitoring
of consumer led uptake. This should help manage the security of supply issues currently being

experienced in some localities.

In addition to batteries utility scale storage was also seen as a viable in front of the meter option.
Some suggesting that pumped-hydro, in the right geographic location, could be extremely valuable
as large scale storage at the GWh size. When compared with other storage options it was seen as a
viable alternative to address issues around faults and inertia in the system. It was also seen as more
economical if the right resources were available but there was some recognition around social

license to operate issues that could arise if not managed well.

Although with current perceptions of battery technology being out of reach financially, because
solar PV is still generally met with strong support and the introduction of energy storage options
adds to its appeal, there is likely to be continued uptake of various batteries across Australia.
Concerns were expressed over the speed that which this might occur. Therefore, ongoing
monitoring of this emergent industry was deemed essential. Whether this is through the database or
other means it seems an essential activity that could be managed through active collaboration
between government and industry. Transparently sharing this information may also help to rebuild
trust in the government and energy sector which will be critical for transition Australia to a low
carbon future. Regardless, policy certainty around such an emergent industry will be essential for all
stakeholders involved, but it was recognised that there will be a range of opportunities that could

emerge as summarised in this quote below.

Page | 56



11.

...I don’t think there will any one solution, | suspect you find that all the solutions will be
deployed. You will find behind the meter, you will find in front of the meter. The early

adopters will go behind the meter because they want to...Interview 015

Key Findings

Australians are deeply concerned with the sharp rise in electricity prices over the past few
years and they hold governments and energy providers, in particular retailers, directly
responsible for this.

There is a lack of trust in governments and electricity retailers which needs to be addressed
and enabling a bi-partisan approach to energy would be welcomed by the Australian public
While storage is still seen to be an emergent industry, there is a growing level of interest
from householder in the benefits it may bring, although most felt storage was currently
unviable.

Many Australians feel they do not know enough about energy storage to make an informed
decision about whether to purchase a home unit or not.

There is an opportunity for governments to build energy literacy across Australia, including
information on storage, and the range of energy generation technologies.

Currently the lack of standards for batteries, both in relation to safety and environmental
impacts are of concern to many across the energy sector and need to be addressed as a
priority. Safety concerns also extended to first responders in the case of fires in homes or
other buildings.

Communicating how the safety and environmental aspects of home battery storage units
are being managed will be an essential element for ensuring and maintaining a social licence
to operate for the industry.

To avoid the unintended consequences of policy interventions, a clear strategy for the
proposed deployment of energy storage, including consistency around the types of

incentives offered, is required, alongside monitoring of consumer led uptake
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Glossary and Acronyms

FiT - Feed-in-Tariff

PV — Photovoltaic

REC — Renewable Energy Certificates
kW - Kilowatt

MW — Megawatt

kWh — Kilowatt-hour

MWh — Megawatt-hour

CSO — Community Service Organisation
BCC — Bundaberg Christian College

TAF — Technology Acceptance Framework
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Appendix A Proposed Interview Questions

THE UNIVERSITY
OF QUEENSLAND
W AUSTRALIA

Research Questions

Understanding the socio-economic challenges for energy storage uptake

Tell me a little about yourself and your role or interest in energy storage
What do you understand by the term energy storage?

What has been your involvement in energy storage, if at all up to now?

A LMo

What do you believe are the key drivers for energy storage in Australia at the

moment?

5. How has this changed over the years?

6. What do you believe might be some of the impediments for energy storage in
Australia?

7. How has this changed over the years?

8. What are the important policy considerations for storage uptake in Australia?

9. Describe what you believe will be the most likely deployment scenario for energy
storage uptake in Australia?

10. Can you summarise for me what you believe are the main points of our discussion?

11. Is there anything you think | should have asked and have not?

12. Is there someone you think that we should interview for this research project?
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Appendix B Summary of Interview Themes

Table AB.1 Key themes emerging on energy storage

Theme

Energy Storage
Technologies

Batteries

Pumped Hydro
Hot Water

Grid Level/Distribution
Flywheel
Compress Air
Chemical
Electricity Storage
Molten Salt

Heat Pump
Hydrogen

Ammonia Dissociation

Topics Discussed

Grid Movement of Electricity

No.

11

N W w b~ O O

No.

52
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Theme Topics Discussed No. No.
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Table AB.2 Drivers of energy storage themes emerging

Theme Drivers No. No.
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Table AB.3 Barriers of energy storage emerging

Theme Barrier No. No.

Page | 68



Appendix C Focus Group

Table AC.1 Focus Group Discussion Guide

Time

10 minutes

20 minutes

15 minutes

30 minutes

20 minutes

15 minutes

20 minutes

15 minutes

Item

Welcome, introductions, objectives, guidelines for discussion —
Chatham house etc.
Knowledge of storage
Who has heard about energy storage?
What do you know?
e Can you describe different types of storage?
e How storage works?
Solar PV
Who has purchased solar PV?
How long ago?
Impressions?
Motivations for purchasing?
Green power?
Perceptions on large vs small scale solar?
Different types of storage
Describe different types of storage?
Ascertain individual responses to each?
e Positives and negatives
e Issues and concerns
Grid connections

Describe the different types of connections and pros and cons of each

e Behind the meter
e Infront of the meter
e Electric vehicles
Identify different responses
Motivations and preferences for different models
Role of incentives
Discuss various ways to incentivise
e Subsidies
e  Cost reflective tariffs
e Low interest loans?
e Leasing?
e Tax breaks
Possible scenarios
Briefly describe the three scenarios that have been developed and
identify which the participants is most realistic.
What they think will be needed to achieve any of them
Closing statement, thank you and gift voucher
Is there anything else you would like to say about the topic to the
EWG of the project
Thanks to all for participating, project finalisation, feedback to
participants.
Hand out Gift Vouchers

Responsible

Peta

Peta/All

Peta/All

Peta/All

Peta/All

Peta/All

Peta/All

Peta/All/Semso

Page | 69



Table AC.2 Focus Group Demographics

Male
Female

Total

18-35
35-50
51-64

65+

High School or <
Trade Certificate
Diploma
Bachelors

Postgraduate

Installed

Not Installed

Yes
No

Unknown

No.

GENDER

24

34

58

AGE

23

13

11

11

LEVEL OF EDUCATION

14

1

10

18

15

SOLAR PV STATUS

22

36

GREEN POWER SUBSCRIPTION

2

37

19

%

41.4%

48.6%

100%

39.6%

22.4%

19%

19%

24.1%

1.7%

17.3%

31%

25.9%

37.9%

62.1%

3.4%

63.8%

32.8%
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Appendix D Survey Analysis
Table AD.1 Sample Characteristics that match those of the Australian population

ABSY  Current

study
Age bracket x gender
Female 18-34 yrs 15% 14%
Female 35-54 yrs 17% 17%
Female 55+ 18% 18%
Male 18-34 yrs 16% 15%
Male 35-54 yrs 17% 17%
Male 55+ 17% 18%
Relationship status
Married 49% 50%
Separated / divorced 11% 9%
Widowed 6% 4%
States and Territories
NSW +ACT 34% 33%
Victoria 25% 24%
Queensland 20% 29%
South Australia 7% 8%
Western Australia 11% 12%
Tasmania 2% 2%
Northern Territory 1% 1%

17 ABS demographics: 3101.0 - Australian Demographic Statistics, Jun 2016; 3310.0 Marriages and Divorces, Australia,
2015; 3412.0 - Migration, Australia, 2014-15; 2011 Census QuickStats:
http://www.censusdata.abs.gov.au/census_services/getproduct/census/2011/quickstat/0; 6523.0 Household Income and
Wealth, Australia, 2013-14; 6227.0 - Education and Work, Australia, May 2016
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Country of birth
Australian residents born overseas
UK

Nz

China

India
Philippines
Vietnam

Italy

South Africa
Malaysia

Germany

Education

Year 10 or below

Year 11 or equivalent

Year 12 or equivalent

Trade certificate or Apprenticeship
Certificate 1 or 2

Certificate 3 or 4

Advanced diploma /diploma
Bachelor or honours degree

Postgraduate degree (e.g. Masters, PhD)

Employment (total in labour force)
Full-time

Part-time

28%

5%

3%

2%

2%

1%

1%

0.8%

0.8%

0.7%

0.5%

20%

5%

18%

18%

10%

20%

6.0%

60%

29%

25%

8%

3%

1%

2%

0.4%

0.6%

0.5%

0.4%

1.1%

0.8%

11%

4%

15%

7%

3%

11%

15%

23%

11%

67%

25%
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Unemployed

Dwelling structure

Separate house

Number of bedrooms
1 Bedroom

2 bedrooms

3 bedrooms

4 or more bedrooms

Household income
Less than $25 k
$25 to 49,999 k
$50 to 74,999 k
$75 t0 99,999 k
$100 to 124,999 k
$125 to 174,999 k
$175 to 199,999 k
$200 to 249,999 k

SMore than 250 k

6%

76%

5%

19%

44%

30%

12%

21%

15%

11%

11%

16%

4%

5%

5%

9%

70%

7%

19%

40%

34%

13%

22%

18%

19%

11%

9%

3%

2%

2%
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Appendix E Copy of survey
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Please read through some information about the survey below before continuing.

-

Project Overview

This research project intends to advance understanding of socio-economic challenges for energy storage acceptance and use.
The main aim is to identify the social drivers and barriers, and the publicly perceived risks and benefits of achieving energy
storage uptake.

It is one of four work packages of a larger project being funded by the Australian Council of Learned Academies (ACOLA)
(http://www.acola.org.au/findex.php/projects/esp) and the Office of the Chief Scientist of Australia
(http://www.chiefscientist.gov.au), who have partnered to deliver a project examining the opportunities and challenges of
widespread deployment and uptake of energy storage technologies in Australia. In addition to the University of Queensland,
other research institutions delivering into the project include the Academy of Technology, Science and Engineering and the
University of Technology Sydney.

What is energy storage?

« “Energy storage” is an umbrella term for many different technologies that allow energy to be captured, stored and then
used at another time.

« Some energy storage technologies are designed for use in the home, other types are used to support the energy use of
communities, and still others are used to support the energy supply of large regions.

+ This survey will mainly focus on home battery storage.

Home battery storage involves the use of a battery to store energy for use when required. It allows you to obtain electricity at
a time when it is relatively inexpensive or abundant, store it, and then use it at a time when electricity is expensive or
unavailable.

What is involved?
You are invited to respond to an online survey which will take up to 20 minutes of your time. We are keen to access the views
of a range of Australians and you do not need to be an expert in this field.

Do I have to be part of this program?

Completion of the online survey is completely voluntary and you are free to withdraw at any time without prejudice or penalty.
If you wish to withdraw from the study your information will be removed from the study. We would like to encourage you to
participate in the study as your participation will ensure that we understand your opinion about battery storage as well as your

rrafarrnd antiane in raaard o tha canfinnratian and Aalivara oF i+

4 3

Please tick the appropriate box:

O Yes I have reviewed the information above and
I agree to participate in this online survey

O No Sorry, I do not wish to participate in this online survey

Back

0%

100%

=ACOLA
THE UNIVERSITY
OF QUEENSLAND

AUATEALIA

Would you like to receive a copy of the summary findings on conclusion of the study?

Thank you for your agreement to participate in this research.

O Yes

O Mo, I do not wish to recieve a summary of the findings

0% 100%
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Firstly, what is your age?

I:l years of age

What is your gender?

O Male
O Female

What is the postcode of your home address?

Postcode: I:l

0%

100%

KACOLA
oo

AUATEALIA

What is your relationship status?

() Married

O In a relationship
O Mot in a relationship

O Divorced/Separated

O Widowed
Do you have any dependent children?

O Yes
O No

Back

0%

100%
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How old are your children?

Child 1:

years old

Child 2:

years old

Child 3:

years old

Child 4:

years old

Child 5:

years old

Child &6:

years old

JUTILL

In what country were you born?

OAustraIia

O Cther (please specify)

0% 100%

KACOLA

AUSTEALIA

Are you Aboriginal or Torres Strait Islander origin?

(For persons of both Aboriginal and Torres Strait Islander origin, mark both boxes)

D No
D Yes, Aboriginal

D Yes, Torres Strait Islander

Which best describes vour highest level of education you have completed?

O Year 10 or below

O Year 11 or equivalent

O Year 12 or equivalent

O Trade certificate or Apprenticeship

(_) Certificate I or II

() Certificate III or IV

O Adwvanced Diploma / Diploma

O Bachelor or Honours degree

O Postgraduate degree (e.g. Masters, PhD)

O Other (please specify)

0%

100%
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Are you Aboriginal or Torres Strait Islander origin?

(For persons of both Aboriginal and Torres Strait Islander origin, mark both boxes)
no
[:J Yes, Aboriginal

D Yes, Torres Strait Islander

Which best describes your highest level of education you have completed?

O Year 10 or below

O Year 11 or equivalent

() Year 12 or equivalent

O Trade certificate or Apprenticeship

O Certificate I or II

(_) Certificate IIT or IV

O Advanced Diploma / Diploma

O Bachelor or Honours degree

O Postgraduate degree (e.g. Masters, PhD)

O Other (please specify)

0% 100%

EACOLA m\:';,
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AURTEALIA

Which of the following best describes your occupational status?

O Student

O Househeld duties

O Employed - Part Time

O Self-employed

O Unemployed not looking for work
O Unemployed looking for work

O Retired

O Not able to work

O Other (please spedfy)

What industry have you spent most of your career life in?
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How much is your estimated household income?

() Less than $25,000

() $25,000 to $49,999
() $50,000 to $74,999
() $75,000 to $99,999
() $100,000 to $124,999
() $125,000 to $174,999
() $175,000 to §199,9990
() $200,000 to $249,999
() $250,000 to $299,999

(_) More than $300,000

0% 100%

KACOLA

AUSTEALIA

How much was your last electricity bill?
(Please give amount and time period)

Amount

N

Time period
O Per month
O Per quarter

O Per half yearly

O Annually

0% 100%
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When thinking of your response te new technology, which best describes you?

O 1 dosely follow new technology and take risks by being the first to purchase it. I see the potential advantages in new technology
and am one of the first to make use of its advantages and to profit from it.

I am interested in new technology but at the same time I am pragmatic. I like to take time and be persuaded by the advantages.
My decisions are (mainly) based on the recommendations of existing users.

O I am not thrilled by new technoclogy, but rather appreciate security. It is safe to purchase products when it has been on the
market for some while and offers obvious advantages.

7y I am traditional and have little affinity with new technology. I do not like changes in life and I purchase products only when the
existing model I use is not produced anymore.

Which best describes your situation in relation to your electricity bill?

O Paying my electricity bill in full is never a problem for me

O I sometimes find it hard to pay my electricity bill when it becomes due
O I always struggle te pay my electricity bill when it becomes due

O I pre-pay my electricity bill

O I do not pay for electricity in my house

0% 100%
THE UNIVERSITY
OF QUEENSLAND
AUATEALIA
What is your current living arrangement?
O Privately owned house (free standing)
O Privately owned apartment/townhouse/unit (etc.)
O Renting a house
O Renting an apartment/townhousefunit (etc.)
O Renting a room in shared accommodation
O I live with my family
O Other (please specify)
p:
How many bedrooms are there in your household?
O
Ok
@3
O
O 5 or more
0% 100%
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Generally speaking, how many people are in your household during peak electricity periods?

(4pm to 8pm)
Qo
@1
@2
@3
Q4
O 5 or more

Which energy sources do you use in your household?

(Tick as many as apply)

D Electricity

D Gas (mains)

(] Gas (bottled)

D Solar hot water
D Solar PV (rooftop)

D Others - Please specify

u Ido not have access to mains power

How often do you experience the following electricity supply problems in your household?

Never

Seldom

Sometimes

Often

Almost aluways

Don't know

Power outages (incl. planned & unplanned,
blackouts)

@)

@)

O

U

Supply disturbances (e.g. flickers, dimming,
interruptions)

Q

Q

@)

Q

=ACOLA

THE UNIVERSITY
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What is your current status in relation to solar PV panel ownership?

O I have solar PV panels installed to supply my household

O My house has solar PV panels installed but I did not make the purchase decision

O Iintend to install solar PV panels within the next 5 years

O I do not intend to install solar PV panels
O I do not know

O Other (please specify)

0%

100%
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In what year did you install your solar PV panels?

[ Jom

How important were the following factors in influencing your purchase (or intended purchase) of solar PV panels?

Not at all Slightly Somewhat
important | important | important

- - ® - ® “
el N N N NI -
gas emissions)

® ® ® ® ® ﬂ
Dbt 0 0 | 0 | 0 | 0 G

® ® ® ® 0)

Moderately
important

Extremely
important

() () (] () ()

(] ® () (] ®

(] ® () (]

The way it looked on your home O O O

D) ()

0% 100%
THE UNIVERSITY
OF LAND
AusTRALIA
To what extent are you familiar with home battery storage and could explain it to a friend?
Q Mot at all familiar
(_) Slightly familiar
Q Somewhat familiar
(_) Moderately familiar
Q Extremely familiar
What is your current status in relation to home battery storage ownership?
O I already own a home battery storage unit
Q I am intending to purchase a home battery storage unit
Q I am Interested in home battery storage but do not intend to buy one
Q Mot interested and have no intention of buying cne
Q I do not know enough about battery storage to make a decision
Q I am not sure
[Next|
0% 100%
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27. How important are the following factors in determining whether or not you would purchase a home battery storage unit?

Mot at all Slightly Somewhat Moderately
important important important important

( ] ( ] ( ] (] ( ]
Disturbances it might cause to your home (e.g. nnnnn
noise, space, heat)

( ] ( ] ( ] (] ( ]
s | O | O | O | O | O |

( ] ( ] ( ] (] ( ]
o s | O | O | O | O | O |

() ( ) () () »

wmemrssmw | O | O | 0 | 0 | O |
( ] ( ] ( ] (] ( ]

smmesaeoneamrme | O | O | 0 | 0 | O |
( ] ( ] ( ] (] ( ]

The way it looks in your home

0% 100%

KACOLA
e

AURTEALIA

If there is a large increase in the use of home battery storage in Australia, to what extent would you trust the following groups to act in
the best interest of the consumer?

Slightly 5 hat i Iy Extremely
trustworthy trustworthy trustworthy trustworthy

ORECARCAR RO o |
» ( ) » » »

Not trustworthy

Manufacturers of energy storage -
technology
© 10 o [ e e O

Installers of energy storage technology o Q o o o ()

0% 100%

Page | 82



RACOLA

THE UNIVERSITY
OF QUEENSLAND
AUSTREALIA
What is your attitude to home battery storage?
Please mark your response along the continuum from 1 to 6.
Very negative Very positive
1 2 E 4 5 &
Very unwise Very wise
1 2 E 4 5 &
Very unimportant Very important
1 2 E 4 5 &
Not at all useful Very useful
1 2 E 4 5 &
Back | |Mext
0% 100%
THE UNIVERSITY
OrF LAND

To what extent do you agree with the following statements?

Strongly Strongly
disagree agres

() () () () ()
Many people in my community would find it good if I
installed a home battery storage unit

() () () () ()

rern s one e scmewiswsmeone | O | O | O | O | O |
() () (] () ()
== | o Lo Lo 1o | o
lifestyle
() () (] () ()

0%

100%
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If you were to purchase a home battery storage unit what kind of finance options would be most important to you?

Mot at all Slightly Somewhat Meoderately Extremely
important important important important important

OREOMRCREONEON © |
( ] () (] (] (]

S100 i [ e e e s I

Allows the energy company to manage your -
electricity usage

ONNONNONNONEON © |
Allows you to pay off the battery system -
through monthly instalments

The initial cost of the battery is recoverable Q Q Q Q Q ()

0%

100%

KACOLA
e

AUETEALIA

If you were to purchase a home battery storage unit what kind of finance options would be most important to you?

Mot at all Slightly Somewhat Moderately Extremely
important important important important important

CUECARCNECARON © |
(] (] (] ( ] (]

CRNCRNCRNCHNON o

Allows the energy company to manage your -
electricity usage

ONEONNONNONEON o |
Allows you to pay off the battery system o
through monthly instalments

The initial cost of the battery is recoverable o o Q Q o ()

0%

100%
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To what extent do you agree or disagree with the following statements?
:Lr:gr?g Dizagree ﬁ::;:ggr:e Agree Strongly agree

I support the free-market system, but not at the expense
of environmental quality
® ® () () ()

The preservation of the free market system is more
important than localised environmental concerns
() () ® () ()

The free-market system is likely to promote unsustainable
consumption O o O o O

0%

100%

KACOLA
o
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Which political party did you vote for at the last national election

O Australian Democrats

O Australian Greens

O Australian Labor Party (ALP)
(_) Liberal Party (LIB)

O National Party

O One Nation

O I am a swinging voter

O Other (please specify)

0%

100%
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Which of the following two energy mixes do you believe is more likely in 20307

O Lower renewables

Coal: 25%
Gas: 21%
Renewable Energies: 54% [l Coal [l Gas 1] Renewables

O Higher renewables

Coal: 5%

Gas: 18%

Renewable Energies: 77% Il Coal [l Gas |l Renewables
O Don't know

If you could choose, which of the following two energy mixes would you prefer in 20307

O Lower renewables

Coal: 25%
Gas: 21%
Renewable Energies: 54% [l Coal [l Gas | Renewables

O Higher renewables

Coal: 5%

Gas: 18%

Renewable Energies: 77% [l Coal [l Gas [ Renewables
O Don’t know

0% 100%

LACOLA

THE UNIVERSITY
OF QUEENSLAND

AUSTEALIA

Which of the following two options do you believe is more likely in 20307

O Coal and gas power generation will be used to cover any extended periods when the supply of renewable energy is low
O Significant energy storage will be required to manage the intermittent nature of most renewables

O Don’t know

If you could choose, which of the following two options would you prefer in 20307

O Coal and gas power generation will be used to cover any extended periods when the supply of renewable energy is low
O Significant energy storage will be required to manage the intermittent nature of most renewables

O Don’t know

0%

100%
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Which of the following three options do you believe is more likely in 20307

O Storage technologies will advance according to corporate / consumer preferences

7y Storage technologies will advance according to demand, so the cheapest forms will be added when and where it is needed and
subject to environmental constraints and social acceptance

O Storage technologies will advance through government influence, causing the development of novel technologies, the location of
large-scale storage sites in areas with low impact on the local environment and heritage and that benefit regional communities

O Don’t know

If you could choose, which of the following three options would you prefer in 20307

O Storage technologies will advance according to corporate / consumer preferences

7y Storage technologies will advance according to demand, so the cheapest forms will be added when and where it is needed and
subject to environmental constraints and social acceptance

O Storage technologies will advance through government influence, causing the development of novel technologies, the location of
large-scale storage sites in areas with low impact on the local environment and heritage and that benefit regional communities

O Don’t know

0% 100%
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In the final question you are asked to consider two examples of larger-scale forms of energy storage. The first is a community-scale
project and the second to a utility-scale storage project. You will be asked your opinion regarding each type of storage.

A. Community-Scale Battery Storage Project

The Federal government proposes partnering with an energy company to develop a microgrid of batteries involving the installation of
1000 batteries in homes and businesses in a State of Australia. The installation of SkW and 7.7kWh batteries will reduce energy costs
to the consumer, and support the grid during times of peak demand.

E_trnngl',r Disagras Nelthe_r agree
disagree nor disagree

This energy storage idea sounds like a good idea O O O O O O
My friends and family are likely to support it O O O O O O

Agree Strongly agree Don't know

B. Utility-Scale Energy Storage Project

The Federal government proposes partnering with energy companies to construct a pumped hydroelectric power plant with a generation
capacity of nearly 3,000 MW - which is about enough capacity to power half of the electricity requirements in Victoria. A number of
remote areas are proposed. Two concrete reservoirs (dams) will be built located at different elevations as well as interconnection
infrastructure and hydraulic turbine units. The estimated cost is in excess of $2 Billion. Water and environmental approvals and support
from local community, and other stakeholders will be required.

In periods of high demand, electricity will be generated by releasing the stored water through turbines into a lower reservoir. Water is
then pumped back to the upper reservoir during off-peak hours using electricity from the grid. The benefits of this project are the
achievement of social/political goals of greater renewables and carbon reduction.

E.tri:mglyr Bizerez Nelthe.r agree
disagree nor disagree

This energy storage idea sounds like a good idea O O O O O O
My friends and family are likely to support it O O O O O O

Agree Strongly agree Don't know

In your opinion, which of the two large-scale storage projects offers more opportunities for the future?

O Community-Scale Battery Storage Project (installation of 1000 batteries in homes and businesses)

O Utility-Scale Energy Storage Project (hydro-electric power plant)
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Please give reasons for your answer.

0% 100%
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Thats the end of the survey thank you for your participation in this research.

Press 'Next’ to submit your results.

0%

100%
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Appendix F Additional analyses from survey

Table AF.1 How many bedrooms in house & mean electricity bill

Mean
| bedroom $303.86
2 bedrooms $288.99
3 bedrooms $366.95
4 bedrooms $461.34
5 or more $505.98

bedrooms

SD
$207.70
$182.32
$220.37
$329.03

$337.97

59

187

367

261

45

min

$16.00
$25.25
$10.00
$19.00

$46.00

max

$1,080.00
$1,200.00
$1,500.00
$1,935.00

$1,500.00

Median
$240.00
$265.00
$313.00
$370.00

$400.00

Table AF.2 Number of people at home during peak periods & mean electricity bill

Mean
0 people $158.11
1 person $261.61
2 people $336.63
3 people $424.12
4 people $507.17

5 or more people $594.48

SD
$64.26
$151.23
$194.99
$268.36
$335.55

$374.79

9

186

353

162

138

71

min

$50.00
$10.00
$19.00
$60.00
$20.00

$46.00

max
$270.00
$900.00
$1,200.00
$1,600.00
$1,800.00

$1,935.00

Table AF.3 Size of electricity bills in mixed fuel & solar PV homes

Electricity only

Electricity + Solar PV only
Electricity + Gas (B) only
Electricity + Gas (B) + Solar only
Electricity + Gas (M) only

Electricity + Gas (M) + Solar PV
only

Electricity + Gas (M) + Gas (B)
only

Mean
$421.85
$362.50
$458.77
$302.14
$348.71

$292.67

$316.35

SD
$277.48
$322.58
$294.76
$213.24
$226.25

$213.69

$162.17

N

297

58

74

22

369

64

20

min
$16.00
$19.00
$10.00
$20.00
$25.25

$32.00

$20.00

Median
$152.00
$240.00
$300.00
$350.00
$400.00

$459.00

max
$1,700.00
$1,800.00
$1,600.00
$899.00
$1,935.00

$1,350.00

$600.00

Median
$350.00
$300.00
$390.00
$241.50
$300.00

$250.00

$303.50
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Table AF.4 Size of electricity bills in mixed fuel and solar PV homes in relation to how many

people at home during peak periods.

0 to 2 people at home during peak periods

Mean

Electricity only $339.58
Electricity + Solar PV only $309.62
Electricity + Gas (B) only $357.81
Electricity + Gas (B) + Solar PV $251.73
only

Electricity + Gas (M) only $289.17
Electricity + Gas (M) + Solar PV $224.70
only

Electricity + Gas (M) + Gas (B) $287.78

only

SD
$193.79
$234.92
$169.21

$166.36

$166.17

$162.19

$124.00

3 or more people at home during peak periods

Mean

Electricity only $557.72
Electricity + Solar PV only $501.31
Electricity + Gas (B) only $634.52
Electricity + Gas (B) + Solar only $410.14
Electricity + Gas (M) only $422.31
Electricity + Gas (M) + Solar PV $405.96
only

Electricity + Gas (M) + Gas (B) $339.73

only

SD
$336.39
$464.97
$377.88
$273.16
$266.12

$243.00

$190.61

min max Median

185 $16.00 @ $1,200.00 $300.00
42 $19.00 $1,100.00 $267.50
47 | $10.00 $957.00 $350.00
15 $20.00 $570.00 $240.00
204 $25.25 $900.00 $258.50
40 S$32.00 $750.00 $166.00
9 $99.00 $560.00 $280.00

N min max Median
112 $115.00 $1,700.00 $460.00
16 S$46.00 $1,800.00 $335.00
27 $223.00 $1,600.00 $510.00
7 $167.00 $899.00 $350.00
165 $60.00 $1,935.00 $350.00
24 $174.00  $1,350.00 $340.00
11 $20.00 $600.00 $350.00
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Table AF.5 Current status in relation to home battery storage ownership

Battery Storage Status Freq. Percent
| already own a home battery storage unit 18 1.8

I am intending to purchase a home battery storage unit 138 13.6

| am Interested in home battery storage but do not intend to buy one 230 22.7
Not interested and have no intention of buying one 116 114

I do not know enough about battery storage to make a decision 391 38.5

| am not sure 122 12.0
Total 1015 100.0

2% ® | already own a home battery

one

decision

storage unit

B | am intending to purchase a
home battery storage unit

® | am Interested in home battery
storage but do not intend to buy

= Not interested and have no
intention of buying one

M | do not know enough about
battery storage to make a

Figure AF.1 Current status in relation to home battery storage ownership
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Figure AF.2 Factors influencing potential purchase of a home battery storage unit

Percent

70.0

60.0

50.0

40.0

30.0

20.0

10.0

M Not at all important

0.0 -

m Slightly important

m Somewhat important
= Moderately important
M Extremely important

m Don't know

Factors
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Figure AF.3 Drivers and barriers for battery storage adoption

Mean rating (1-5)

6

|

It reduces Its purchase Its safety The better he It reduces Its end-of-life Its benefits to
your cost features control it m<m__m_u___ﬂ< of your recyclability the
electricity gives you over a subsidy (e.g. dependence environment
costs your lump sum)  on the grid (e.g. reduce
electricity  that made it greenhouse
more gas
affordable emissions)
Feature

Itimproves Disturbances The wayit You like what
the value of it might cause looks in your it says about
your home to your home home you

(e.g. noise,

space, heat)
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