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Abstract

Data centres are the backbone of the digital econamd the widespread adoption of cloud services,
business analytics and big data will continue toederate their demand. Because data centres conaume
significant amount of energy, research efforts meeded to identify what facilitates actions to iempént
practices and technologies to either retrofit to achitect green data centres. This paper addréss t
issue drawing from institutional, expectancy andiwation—ability theories and based on survey data
collected from 96 data centres. The findings intdicknat performance and effort expectancy form the
strong order drivers and together with ability wiltad to the implementation of practices and
technologies that improve the energy efficiencydata centres. In addition, institutional isomorphic
forces serve as first order influences to shapeeetgiions and trigger actions to develop skills and
polices and to allocate financial resources thatilftate the implementation of greening practicébe
paper further discusses a number of implicatiomgdsearch and practice.

Keywords. Green IT, Data Centre, Energy Efficiency, Expactg Institution, Ability

1 Introduction

Data centre operation represents the core of Irdbbam Technology (IT) function and large commercial
data centres are growing to provide global cloudiises Although optimising hardware and power
utilisation has been the concern of data centreagement for a long time (Schmidt al, 2005),
Gartner’'s (2006) and the United States EnvironmeRttection Agency’'s (EPA) (2007) reports
highlighted the energy inefficiency and related ,@&missions of data centres. Estimates of dataeentr
energy consumption and associated environmentahdtapvary from one source to another. Globally,
data centres are estimated to consume betweenr2D372 (TWh) or between 1.1% and 1.5% of total
energy (Koomeyet al, 2013). Because of the recognition of data centasironmental impacts,
professional organisations such as the Uptimetirsti Green Grid and multilateral institutions sush
the European Commission (EC), have produced coderafuct and practice guides that can potentially
improve the operational performance (such as egstme and disaster recovery), enhance the energy
efficiency and reduce the environmental impactdaté centres (Accenture, 2008; EC, 2013). Threa mai
reasons have motivated our investigation of thdempntation of green practices in data centres.

First, although previous Green IT researchers haoked at isolated adoption of data centre prastice
such as virtualisation (Molla & Abareshi, 2012) amdew have focused on the adoption of information
systems within data centres (Alaraét al, 2012) and on case study driven conceptual framewo
(Karanasioset al, 2010), so far we are not aware of a study tha pavided a comprehensive
investigation of the implementation of a rangeesfhinologies and practices covering both the ITthed
power and cooling infrastructure of data centresné& practitioner reports such as those by (Accentur
2008; EC, 2013), opine that the wider use of varigweening technologies has led (or can lead to)
significant improvements in energy efficiency. Bgse studies do not explain what facilitates hiiits
implementation. This paper provides insights in&badcentre operators’ actions to contribute to @nd/
compete on the basis of energy efficiency and enwiental credentials.

Second, there is a general lack of IS researchftitaises exclusively on data centres (Alaratfial,
2013). As cloud based infrastructure as a servazs] and recovery as a service (Rass) models tmove
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mainstream adoption, research on data centres kdalpscentre owners and operators to identify and
implement practices that improve both environmewtaldential and operational performance. It also
helps clients of laas and Raas in choosing sepriceiders. The study therefore advances IS reldarc
nurturing diversity and extending “IS jurisdictiamn organizational issues related to the adoption of
systems and technologies” (Bernroigel, 2013, p. 86).

Third, much of Green IT adoption research drawsnfriastitutional (Cheret al, 2010) motivational
(Molla & Abareshi, 2012) and technology-organisatenvironment (Alaraifiet al, 2013; Bose & Luo,
2011) perspectives. These works have provided begfplanations about Green IT adoption and need to
be extended to understand the interplay betwedereift perspectives. In particular, the inherenisea
effect relationships among the institutional andamisational drivers are not sufficiently understolm

this paper, we integrate motivational-ability the¢¥erton, 1968) with institutional theory (DiMagg&
Powell, 1983) including expectancy theory (Venkatetsal, 2003; Vroom, 1964).

The paper tackles the following three questionswffiit green practices (and to what extent) hava dat
centre operators and owners implemented? (2) Whatgdthe implementation of these practices? ahd (3
What relationships exist among the drivers? Theakthe paper is organised into background theoiy
hypotheses development, research methods, findmgjgliscussion, and conclusion.

2 Background Theory and Hypotheses Development

The underpinning theory we used to investigatdrtipgementation of green best practices in dataresnt
is the motivation-ability theory. The motivationitly theory — attributed to Merton (1968) postat
that a combination of organisational motivation abdity shapes the nature and intensity of actidine
theory is chosen because most, if not all, of dutdirs that influence innovation adoption relateitber
the motivation for adopting or the ability of usimgnovations. Further the theory offers a generic
framework to study different type and locus of mations and abilities.

Motivations could be internal or external (Mollafbareshi, 2012). To understand internal motives, we
draw from the expectancy theory (Vroom, 1964). Expecy theory, sometimes referred to as “VIE
theory”, depicts the relationship between valeribe yalue placed on the outcome), instrumentatig (
likelihood that the outcome will be achieved if {erformance expectation is met) and effort expesta
(the belief that effort will result in attainment the desired performance. The theory is basedhen t
notion that people choose to put their effort iatbivities that they believe they are capable ohgland
which they believe will lead to desired outcomesr. €xternal motives, we rely on the three instimodl,
that is, mimetic, normative and coercive forcesMBggio & Powell, 1983). The institutional theory
provides a useful theoretical lens to understaedctitical role played by institutional forces begothe
market in making organisations responsive to ther@sts of others. It also offers a rich and comple
view of how organisations become homogeneous yméssure from external sources.

Organisational ability has been defined in a varadtways and much research into organisationdityabi
has taken a resource-based view, stressing theimgeshinternal — human, technological and finahcia
resources as well as know-how (how to do somethintgading to the creation of core competencies an
competitive advantage in the market place (Grestal, 2001). These resources and know-how shape
the input based competencies required to implemennhnovation. The remaining sub-sections develop
the hypotheses by first starting with a descriptbpractices and technologies for greening dardres.

2.1 Best Practices for Green(ing) Data Centres
There is no clear definition for a green data @mycommon approach used by industry and researche

is to describe the features of a green data camdethe practices, technologies and strategiesctrat
improve the environmental footprint of a data cer{@8chulz, 2009). Some characteristics of a gre¢m d
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centre include energy efficiency, minimum buildiiogtprints; maximum cooling efficiency; use of loew
emission building materials, carpets and paintstalting catalytic converters on backup generatanst
using alternative energy technologies such as pbtituc electrical heat pumps and evaporative oapli
(Accenture, 2008; Schulz, 2009). There are a numberactices (including technologies), and more
might emerge in the future, that can be used tblengreen data centres. Some of these are accapted
“best practices” because companies that have imgrited them have achieved consistent results
(Karanasio=t al, 2010). Categories of best practice have congiderenanagement (e.g. liquid cooling,
humidity systems, optimising and matching coolinghtat distribution load) (Karanasies al, 2010;
Velte et al, 2008); power management (e.g. optimising UPSii@pewer generation, lighting, efficient
power transformation) (Green Grid, 2011; Vedteal, 2008), computing management (stand-by facilities,
environmentally friendly procurement, IT consolidat and virtualisation, optimising computing load
and demand) (Green Grid, 2011; Karanasibal, 2010); facility design (right-size, room and loliriig
material) and infrastructure design (rack layout amonitoring) (Velteet al, 2008).

2.2 Expectations for the Implementation of Green Data Centre Best
Practices

An organisation’s internal motives for green dagatees refer to the effort and performance expectsit

of implementing green data centre best practicesodivi, 1964). While performance and effort
expectancy constructs are often examined in theéegbrof IS adoption by individuals, captured in
perceived usefulness and ease-of-use respectiVelgkateshet al, 2003), they are also relevant in
organisational adoption of IS. For example, usiuag €ase studies, Wang et al (2006) adapted thiéeldni
Theory of Adoption and Use of Technology (UTAUT)itwestigate the adoption of business-to-business
electronic marketplaces and found that performangectancy is the most important consideration for
adoption, whereas effort expectation (ease of was)not considered a major factor given the tedgyol
investigated had matured. In another study basedifursion of innovation, Tsai et al (2010) ideidd

that relative advantage, complexity and organigaliceadiness significantly influence RFID adoption

The constructs of performance and effort expectémoyganisational IS adoption, can be extenddatdo
adoption of best practices for greening data centrethis context, performance expectation comside
the extent to which adopting best practices widlufein improved operational and financial returas,
well as environmental return through reduction mergy use and emissions (EPA, 2007; Loper & Parr,
2007). Practices such as sourcing more efficienipegent, power management, server consolidation and
virtualisation; rightsizing IT equipment and stogagpace; and cooling and thermal performance, have
been found to reduce energy use and associatedncamissions. However data centre managers are not
always confident that such changes to operatiofislesid to savings (Loper and Parr, 2007). Further,
data centre management has traditionally focusecdhvailability, tolerance, reliability, performance
uptime and an ‘always on’ mentality, rather thaergyg use and environmental impacts (Kant, 2009)),
and this may reduce the perceived importance ang thsefulness of practices that focus on
environmental performance. Thus:

Hypothesis 1: There is a positive association betwéhe performance expectancy and the
implementation of best practices for greening dagatres.

Effort expectancy refers to the perceived diffigultr ease of implementation of change or technology
(Venkateshet al, 2003). Traditionally there has not been widespraaailability of tools to model the
energy consumption of data centres (Green Grid7R6taking it difficult for a data centre manager to
implement energy saving initiatives. A lack of Istit simulators to test the impact of a new ressurc
(e.g. computing or cooling resource) in view o€aiative data centre configurations (e.g. floong)ehas
been a major obstacle to greening data centrest§Gupal, 2011). Data centres deploy a variety of
hardware and software platforms and in most cagebhaused in facilities that are not purpose bilithis
creates infrastructural inertia for implementinge$ technologies and practices (Kant, 2009). Tosze
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whether the data centre is designed to be greem ifsoconception, or retrofitted to be green witipact

the perception of effort required to adopt greest gactices (Green Grid, 2007). In addition, latk
detailed understanding and consideration by IT gesibnals regarding energy efficiency practices and
technologies contributes to the perceived difficalt implementing greening practices. Thus:

Hypothesis 2: There is a negative association betvibe effort expectancy (perceived difficulty)
and the implementation of best practices for gnegmiata centres.

The complexity of an IS has a negative relationstiip the perceived performance benefits (Venkatesh
et al, 2003). For example, when users perceive mobihkibg is easy to use, requiring little effort, they
will have high expectations towards realising thpezted performance returns, that is (Zhetual,
2010). By the same logic, if managers perceiveithatdifficult to keep up with the latest techogy and
practices required to green their data centre, rimy inhibit their perception of the operationaldan
environmental advantages of doing so. Case stugareh undertaken by Karanasatsl. (2010) found
that decisions around data centre energy efficicia&es place based on the range of performance
consequences and effort. Therefore, organisatibas fgerceive that greening their data centres will
require a lot of effort will be less likely to peige performance returns from doing so. This lesit:

Hypothesis 3: There is a negative association betweffort expectancy and the performance
expectation of implementation of best practicegfeening data centres.

2.3 Ability for the Implementation of Green Data Centre Best Practices

When knowledge barriers are high, adopter's abititymplement an innovation will be as relevant as
their willingness to do so. Organisational abilitgludes awareness, knowledge, skill and experiémate
help businesses to recognise opportunities (Hostegal, 1998) as well as learning and capability
(Grewalet al, 2001). Organisational ability can therefore in@wrganisational readiness and capability.
Organisational readiness refers to an organisatietock of tangible (e.g. equipment, finance) and
intangible capital (e.g. skills, patents) resourediile capabilities are the firm’s capacity in agipg and
utilising its resources to perform tasks and aéigifor competitive gain (Grewal al, 2001; Tsakt al,
2010). By extension, an organisation’s ability teen its data centre includes the availabilitytotk of
resources for supporting green IT initiatives, khewhow of greening data centres as well as conduci
managerial skills and organisational policies (Karsioset al, 2010).

Data centres are usually long-term investmentsaagdnisations may be unable to adopt more efficient
and environmentally friendly technology due to rese constraints. Yet, in addition to budgetary
constraints lack of knowledge and capacity arenofteed as barriers to transitioning towards greela¢a
centres (Loper & Parr, 2007). Therefore, ensuringthff have appropriate skills is central to wieethn
organisation is able to implement best practicesgfeen data centres. Data centre managers hage lon
been expected to keep up with complex technologitahge and innovation. The need to understand and
address environmental outcomes, however, is a mEwirement for many IT professionals —with
sustainability considerations (e.g. strategy, mamnant, assessment and engineering) having only been
recently embedded into IT curricula and framewalsh as the Skills Framework for the Information
Age'. IT staff that are up to date with the latest datatre technologies, and best practices for giegsn
centres, will be in a better position to implem#rgse within their organisation. Organisations treate
developed their managerial capability, financialiqy and skills are more likely to develop positiv
attitude to implement best practices. On the bafsilis, the following two hypotheses are formutate

Hypothesis 4: Organisational ability positively luénces the implementation of best practices for
greening data centres.

! Source: http://www.sfia.org.uk /
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Hypothesis 5: Organisational ability reduces (that negatively associated with) the perceived
difficulty (effort expectancy) of implementing bastctices for greening data centres.

2.4 Institutional Drivers, Expectancy and Ability

Institutional theory explains that mimetic, normatand coercive pressures that influence firm bielayv
(DiMaggio and Powell, 1983) and is relevant in duatext of organisational environmental initiatives
and Green IT (Butler, 2011; Chet al, 2010). Mimetic pressures are evident when pressuconform
comes from other organisations and develops intor@ertainty-coping strategy (DiMaggio and Powell,
1983). Normative pressures are evident when clllexpectations compel organisations to legitimise
their actions by conforming to established normBvigygio and Powell, 1983). Coercive pressures are
present when organisations act because of govetntaes and regulations (DiMaggio and Powell,
1983) and seek eco-legitimacy through meeting e#goy, political and social pressures (Chen et al.,
2010). Institutional pressures have been foundirectly influence Green IT/IS adoption (Chen et al
2010). Nevertheless, in this paper, in line witla{p& Butler, 2009; Gholamet al, 2013; Lianget al,
2007), we chose to investigate if internal motiespectation and ability) moderate data centres’
acquiesce to institutional pressure to implememiegrbest practices. Data centres that operate in an
environment where green data centres are the nehere greening data centre is promoted by industry
and society, and where there is present or impgneémislation on energy efficiency, are more likay
develop positive operational and environmental etqiens of adopting green best practices. Thus:

Hypothesis 6: Institutional pressure positively tdutes to the performance expectation of
implementing best practices for greening data estr

Success stories of organisations (such as Godgge)htave implemented and realised operational and
environmental benefits from green data centre deaigl operation can create mimicking strategies in
other organisations, trigger capability developrmeamd mitigate the perceived difficulty of implemiegt

the best practices (Loper & Parr, 2007; Schulz,920Coercive pressures affect all companies more or
less the same way. As managers perceive the reguattions as necessary evil, they might develop a
positive attitude towards implementing green pcadi On the other hand when environmental regulatio
is at a low level, the diffusion of green data cemtractices can trace back to the imitation of petitors

or trading partners leading to the following hyjestis:

Hypothesis 7: Institutional pressure reduces tHerekexpectancy of implementing best practices
for greening data centres.

Further, the transition of many organisations &egrdata centres develops the knowledgebase amd kno
how of implementing best practices. It allows irttdysassociations, professional bodies, government
agencies and multilateral institutions to developnmative and prescriptive guidelines for operatiaga
centres in as environmentally friendly manner asspide. Such relationships might provide opportasit
for developing internal resources and capabildéied make the transition to best practices easighése
that follow through, avoiding common pitfalls (Cawp Molla, 2012). The above argument leads us to:

Hypothesis 8: Institutional pressure positively tidmutes to organisational ability for
implementing best practices for greening data estr

3 Research Method

3.1 Measurement
The research deals with four variables — data eehést practices, institutional drives, expectancy

motives, and ability. While the best practice iamative variable the rest are reflective variab{see
Appendix A). Twelve practices and technologies cimgethe IT and site (facility, cooling and power
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management) infrastructure of data centres wenetifteel to measure green data centre best practices
from Accenture (Accenture, 2008; EC, 2013). Thegel\e practices are amongst the list of data centre
demonstration project initiatives and represent liket available technologies and practices for data
centre energy efficiency (Accenture, 2008). Perforoe expectancy was measured using four indicators
based on Loper and Parr (2007) who suggested tisiring availability and recovery and reducing
impacts and costs are key data centre operatiamaiderations. Three items were pooled from Kant
(2009) to tap into the perceived ex-ante difficudtfy implementing best practices and technologies.
Institutional drivers include coercive, mimetic andrmative forces relevant to data centre operation
Nine items (three for mimetic, four for normativedatwo for regulative) were developed from Butler
(2011), Cheret al (2010), Daly & Butler (2009) and Kant (2009). @nisational ability is measured
based on four items that tap into the stock of huarad financial resources as well as manageriatypol
and support that create the input based competetwignplement best practices (Grevealal, 2001).
Appendix A offers the list of items.

3.2 Data Collection and Response Rate

The sample for the survey was drawn from OneSoAigcsralia— a commercial data base provider.
Australian data centre operators, similar to Euaopand USA operators, have come under increasing
scrutiny for improving energy efficiency. Althougte do not claim that the sample is representative o
data centres globally, it provides useful examplgsractices elsewhere. Since the research isdetéio
study data centres which are either separate lmssedities of their own, or, in most cases patheflT
departments of organisations, we requested Onesdoran initial count of “Data Centre Manager, IT
Infrastructure Manager, IT Operations Manager, & Director” job titles from their database. These
job titles were selected after inspecting job sitté data centre groups on Linkedin.

Onesource provided an initial count of 2082 jolesit Further screening of the list (such as by rengp
duplicate titles) reduced the initial count to 100%e 1002 contacts were invited to participateun
online survey, which was followed by five roundsreminders. 194 respondents (19.45%) started the
survey but only 164 (16.3%) progressed througHiteepage of which 97 usable responses (9.6%) were
obtained. Most (77%) respondents had Data Centrealyl, IT Infrastructure Manager, or IT Operation
Manager titles. 63% of the respondents were fromegument (33%), finance (14%) and the education
and health (16%) sectors. Other responses cametfrenT (7.3%), manufacturing (7.3%) and transport
logistics (3.1%) sectors. The data centres vargize from 10 to 1000 (average 326) installed server
While some operate single data centres with (36.8%0)without (13.5%) dedicated facilities, the
remaining (50%) operate multiple data centres dlicied facilities.

3.3 Data Analysis

The data analysis proceeded in two steps of vadfghe psychometric properties of the measurement
model followed by the structural model test. SP&& &mart PLS tools were used. To check if the data
suffers from Common Method Bias (CMB), Harman'sgénfactor test was conducted. The single factor
accounted for 26% of the variance in the data whidar less than the 50% threshold for CMB problem
To establish the construct validity of the measweetmodels of the reflective variables, first tHeictor
structures were analysed. While ability, effort esgancy and performance expectancy were modelled as
first order constructs, the institutional factorsaaodelled as a second order construct using preated
indicator approach (Hair &t al, 2014). Three items (EFFEX2, EFFEX3, PERFEX3) tealle dropped

to achieve convergent and discriminant validity eglghbility (Table 1 and 2).

The psychometric property of the formative condtrwuas validated by following Hair et al's (2014,.pp
131) procedure and evaluating the multicollineabiggween indicators, the significance of the intdica
weights and their absolute importance. First wedocoted variance inflation factor (VIF) collinearity
diagnostic and inspected the VIF and toleranceeglince all VIF values are less than 5 and the
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tolerance values are greater than 0.2 (Table &)yetks no critical collinearity problem that affatie
structural model. Second, we analysed the relai absolute importance of the formative indicators
and removed one item (BESTPRA9) because its owgghtvis insignificant (no relative importance) and
it has a <0.5 and insignificant outer loading (bsaute importance).

Variable Type lten” Loadings AVE CR alpheé VIF Toleranc
Iweights
Ability Reflective AGITG3 0.76 0.57 087 081
AGITG4 0.87
AORGC2 0.67
ASKILL1 0.66
ASKILL2 0.82
Effort Expectancy Reflective EFFEX1 0.77 0.66.79 0.70
EFFEX4 0.85
Performanct Reflective PREFEX1 0.79 056 0.79 0.70
expectancy PREFEX2 0.81
DCOP3 0.62
Institutional- Reflective MIMIC1 0.85 0.79 092 0.86
mimetic MIMIC2 0.90
MIMIC3 0.91
Institutiona- Reflective NORM1 0.83 0.67 0.89 0.83
normative NORM?2 0.74
NORM3 0.87
NORM4 0.84
Institutional Reflective REGLT1 0.92 0.83 091 0.79
regulative REGLT?2 0.90
Best Practice Formative BESTPRA1 0.35 NA NA NA .92 0.34
BESTPRA2 0.47 3.32 0.3p
BESTPRA3 0.38 3.88 0.26
BESTPRA4 0.73 2.10 0.48
BESTPRAS 0.80 2.24 0.4b
BESTPRAG6 0.51 1.55 0.64
BESTPRA7 0.53 1.80 0.56
BESTPRAS 0.58 1.58 0.68
BESTPRA10 0.63 2.08 0.48
BESTPRA11 0.53 2.38 0.4p
BESTPRA12 0.32 2.73 0.3

Table 1: Construct validity and reliability

2 EFFEX2, EFFEX3, PERFEX3,BESTPRA9 were deleteahgutiie instrument validation process
3For reflective scales, the standardised loadingrisvided; for formative scales, the weight is given
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1 2 3 4 5 6
1 .Ability 0.76*
2. Effort expectancy -0.34 081
3. Mimetic 0.31 -0.16 0.89
4. Normative 045 -0.08 0.770.82
5. Performance expectancy 0.26 -0.23 0.62 0.6175
6. Regulative 0.39 -0.12 0.63 0.72 0.5D0.91

Table 2: Discriminant validity of first order refttive constructs

To test the structural model and estimate the figmice of the path coefficients, 5000 sample
bootstrapping was performed. The result is in Fég2ir The model explains 51% of the variance in the
implementation of green data centre practices asdcahmedium predictive relevancé.@17).

Performance

expectancy
R?=0.47

Motivation

Institutional

isomorphisr &.-.-; - Best practice
expectancy implementatio

R?=0.51

Ability
R?=0.22

Figurel: Structural model resdlt

4  Findings and Discussion
The findings and discussions are structured artlmdhree research questions.

4.1 Extent of Green Practices Implementation in Data Centres

The implementation extent of twelve practices athihologies (all items are included in the deseept
analysis), of which seven belong to the IT infrasture and the remaining to the facility infrastue,
were evaluated. The result shows that the mostlyidelemented technologies and practices belong to
the IT infrastructure domain rather than the faciiomain. In particular, while most data centreseh
either aggressively or moderately virtualised (81#onsolidated (78%) eliminated unused (72%) and
acquired energy efficient (60%) servers, and soawe tiaken actions in terms of the power management
of servers and applications as well as upgradingnergy efficient transformers and UPS, less than o

“ Diagonal values are square root of AVE

®*x p<0.01; *, p<0.05
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third have implemented technologies that improvergylevels consumed in cooling data centres. Mearl
70% and 82% of the respondents have yet to implefnea cooling and liquid cooling respectively,
which shows a potential for further energy savipgartunities amongst Australian data centres. T n
two sections explain the reasons behind this observ.

4.2 Drivers of Green Practices Implementation among Data Centres

We hypothesized that while performance expectaeifyrt expectancy and ability directly influenceeth
implementation of best practices, institutionaltées have indirect influence. There is a significan
relationship = 0.53, p<0.01) between performance expectancybastl practice implementation thus
support forhypothesis 1. Performance expectancy has a large effect sfz€.43) implying that the
implementation of green data centre practicesrengty influenced by both financial, disaster reeqv
and environmental return expectations, of whichléinge majority of respondents (71%) identify disas
recovery as the main and most important reasoniniptementing best practices. This corroborates
Sayeed and Gill's (2010) case study which idertitest cutting and energy conservation as the main
reasons for undertaking Green IT initiatives, adl we Molla and Abrashie’s (2012) analysis which
showed that organisational desire to improve suahdlity while at the same time pursuing cost cigiti
objectives drive the adoption of Green IT. It isain line with Wang et al's (2006) conclusion tfiahs’
electronic market adoption decision was less aftbdty effort expectancy of users. This means while
financial performance expectation is common tdBlinitiatives, Green IT investments are expecied t
meet the dual objectives of both green and nonrgpeeformance expectations.

The support ofhypothesis 2 (B= -0.25, p<0.01) shows that data centres opt for green besttipes
implementation when efforts are manageable. 53%4&9d of respondents believe that changing their
existing data centre to green data centre and lkgefp with latest data centre best practices ficdit.
However effort expectancy has a small effeGtf10). Facility design constraints affect the aiiity of
adopting innovations such as free cooling. For gandata centre facilities that are not purposé-bu
have faced limitations in accommodating differeabling techniques, such as non-raised floor rooms
(where cooling is supplied from the ceilings antausters located near the walls) or raised floom®
(where the chilled air is circulated under theedifioor) (Kant, 2009).

Moreover, support fohypothesis 4 (B= 0.27, p<0.05 shows that resource allocation for green IT,
increasing skills of data centre professionalsyelt as organisational wide awareness about thednp

of IT and energy efficiency opportunities, motivdtee implementation of best practises. Thus while
nearly 50% of respondents agree that their IT gsidfmals are skilled in data centre technologial; o
17% agree that their professionals are skilledréeg data centre best practices. Further only 18%,

and 24% of the respondents believe that their asgtions have allocated Green IT budget, have
developed clear policies for improving data cemimergy consumption, and developed awareness about
the environmental impact of IT operations.

Because the research model consists of variablégedefrom institutional and expectancy theorieg, w
explored two independent models— institutional caufyl expectancy only. While the institutional only
model explained 33% of the variance with a sigaificpath = 0.57, p<0.01), the expectancy only
model explains 49% of the variance and the paths foerformance and effort expectancy to green best
practices implementation are significapt (0.58,p<0.01 and3= 29, p< 0.01 respectively). This suggests
that current drivers of best practices implemeatatamong data centres have more to do with
performance and effort expectation and less wishititional factors. The following section discusslee
remaining hypotheses on the relationship betweefitst and strong order drivers and ability.

4.3 Relationships among Green data centre drivers

A number of studies have reported that institutidaetors have direct influence on technology aopt
including Green IT and Green IS (Chenhal, 2010). In this study, we hypothesised that instnhal
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forces are external drivers that are essentialriggdr internal drivers of performance and effort
expectation as well as the development of organisatability which lead to implementation of grasm
practices. The research model explains 47% of @hence in performance expectancy. Both institaion
forces (=0.65, p< 0.01) and effort expectancy3£ -0.14, p<0.01) are significantly related to
performance expectancy, thus supportiggotheses 3 and 6. However, of the two variables, institutional
forces have a significantly large’$f0.79) effect size on performance expectancy coetbéo effort
expectancy. This means coercive isomorphism infdmen of current and foreseeable government
regulations and incentives; mimetic isomorphismated through success stories from early adopters
including competitors and suppliers, as well asmadive isomorphic effects established through ibhgus
norms, certifications, acknowledgements and stalsjarcontribute to favourable performance
expectation. This finding extends the result of [@ho et al. (2013) on the relationship between
institutional fields and managerial attitude to &rdS adoption and provides empirical support. When
governments enforce tighter regulations and manigogctivities, and when early movers and trend
setting organisations showcase the value of imphtimg data centre technologies and practices, they
shape the perceived environmental, financial aisdster recovery benefits of implementing those
practices. The significant relationship betweenorffexpectancy and performance expectancy is
consistent with Venkatesh et al (2003).

On the other hand, institutional forces strongljuience organisational ability€ 0.43,p< 0.01) but do
not seem to have any direct and significant retestigp with effort expectancyB€ -0.02 p= ns), thus
while hypothesis 8 is supportedhypothesis 7 is not. When the path from ability to effort expetty is
removed and the model is re-run, the path betwastitutional forces and effort expectancy become
significant = -0.14,p<0.05). This leads us to deduce that the influeridastitutional forces on effort
expectancy is fully mediated by ability. This meamsen institutional isomorphism is stronger it puts
pressure on organisations to develop skills andcipsl and allocate financial resources. Moreover,
organisational ability contributes to reducing peeceived difficulty of adopting and extending thee of

a particular practice among data centres. Typsthesis 5 (= -0.14,p<0.05) is supported.

5 Conclusion, Contribution and Limitation

Data centres are the backbone of the digital ecgreomd the adoption of cloud services and big dalta w
accelerate their demand. For example, Australieterfal government uses 30,000 square metres of data
centre space, spends an estimated $850 millioraqmeum on data centres, of which 170 million is on
electricity’. Globally, because data centres consume a signtf@mount of energy, research efforts are
needed to identify what facilitates actions to iemént best practices and technologies to eithexfitedr
architect green data centres. This paper addréisisedsue and makes a number of contributions.

First, this paper shows what actions organisatamestaking to improve energy efficiency and to gppl
environmental sustainability considerations in thiita centres. The two components that consume the
most energy in data centres are the IT equipmethtcanling systems. Our findings tell that data ment
managers can follow either tactical-incrementad@ep-green strategies to manage the implementattion
green practices. Those that follow tactical-incretak strategy can focus on initiatives to reduce th
headcount of servers through virtualisation andsobdation efforts. These initiatives are less t@ised

by infrastructural inertia, are easy to showcas& savings with proven return on investment and are
relatively less complex to implement thus are keslsy. This strategy will lead to moderate beneditsl
green goals and on its own is unlikely to redude dantres’ growing demand for energy.

The deep-green strategy expands the measures dhdlieal-incremental strategy to fundamentally
redesign data-centres in a way that neutralisesnpise gas emissions covering the IT, power dglive
and cooling systems. While such approach is hifgdgible for architecting new data centres, it nexgu

¢ http://www.finance.gov.au/files/2012/04/AGDC_ Stggtedf
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demonstrable benefits from the adoption of taciicalemental strategy for retrofitting existing aat
centres. Most data centres use air-cooling, thathigled water from either a chillier or refrigéian
system, to keep an ambient-temperature of theadaitie room. Such systems generally consumed lot
energy. Free cooling on the other hand uses asidgreconomiser to harvest outside air, whenevier it
possible, and deliver cool air directly to the deds of the IT equipment, thus shutting off the lanil
system and saving energy consumption (Ok&adi, 2012). Likewise liquid cooling, which uses watber
other liquids to transfer heat away from the sep@nponents, is estimated to be 3500 time moreggner
efficient than conventional air-cooling systems &het al, 2012). The implementation of these
practices requires a deep-green strategy

Second, in order to gain support for green besttipaimplementations from within the organisation,
data centre managers have to align their greerffiogtie with corporate sustainability initiatives.régn
data centre practices are relatively new and dubddack of experience, there is scepticism alloeit
value to justify investment. In order to demon&traalue, mangers should focus on tactical-increabent
proof-of concept projects. In addition, they woualged to use the experiences of firms that havetadop
greening technologies and the positive benefitsiezeld because of these actions to shape the
performance and effort belief formation processébiwtheir organisations. In addition, measurihg t
energy performance of the different components aif ccentres is different from conventional work
related IS. In conventional work related IS, theuis of measurement is handled by accounting systems
In energy management, the measurement systemstdidesbuilt from the scratch. Therefore mangers
need to define metrics and indicators for measuilaig centre’s energy consumption. Such practidés w
get better traction when data centre managersedgealscountable for energy performance.

Third, the theoretical model explains approximately 5a%othe variation (with medium predictive
relevance) in the implementation of green practiaed 47% of the variance (again with medium
predictive relevance) in the formation of perforrmarexpectations. For comparison, Liang et al’'sO{20
study of ERP assimilation; Zhu and Kraemer’s (200®)estigation of post adoption variation in e-
business use; Chen et al's (2010) institutionabtpelriven analysis of green IT/IS adoption and ol
and Abareshi’s (2012) motivational theory basedasgpion of green IT adoption explained 39%, 20%,
36% and 50% of the variance respectively. This iespthat the theoretical model has performed better
than previous studies and with the necessary aitaptaf the measurement items can be used in future
studies of emerging IS/IT (including Green IS amylddoptions.

Fourth, the paper shows how different motives interrebat®ng one another. Particularly, it shows that
institutional forces contribute to the formation wfanagerial expectations and the development of
organisational ability and how this leads to actidhis logic offers researchers alternative thecaét
perspectives in understanding Green IT and IS impigations among organisations. To practitioners,
the paper extends those industry reports by heljpinopderstand not only the best practises butvahsi
leads to their implementation.

We note four limitations of the study that openrawe for further studies. First, the sample frame wa
sourced from a single country. Second, in termghefnature of data centres, our sample was skewed
towards single tenant data centres, that is, dattes that are part of the IT departments of asgsions
rather than multi-tenant, that is, data centre$ dperate as independent business entities. Waatid
have enough samples to test differences betwess th® groups. But we expect that the relationaldp
have established might hold true as the performainsers are even stronger for business entity data
centres. Testing this model on a global sample cizeg of multi-tenant data centres providers addéi
insights. In addition, because of space constraimésdidn’t include the effect of controlling vablas
such as size, age and industry differences amotey @atres. Third, the paper is based on a cross-
sectional survey, which does not allow for the eatibn of the long-term impact of implementing the
best practices. Fourth, one part of expectancyryhpoint out that effectiveness itself createstfart
motivation to follow the policies. This dimensiof the theory is not tested in this paper. As suhb,
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current analysis did not go far enough to evalult¢he ex-ante operational and environmental
performance expectations have been realised andffidetiveness of implementing the green practices
which will be the subject for further research.
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Appendix A: Survey ltems

Variable | Definition Items and scale References
Technology BESTPRAL: Server virtualisation (Accenture,
and practice | BESTPRAZ2: Server consolidation 2008; EC,
guidelines thatl BESTPRAS: Storage consolidation 2013; EPA,
are vetted by | BESTPRAA4: Adoption of “energy-efficient” servers 2007;
industry BESTPRADS: Enable power management of all applicaeteers | Schulz,
bodies and BESTPRAG: Eliminate unused servers (e.g., legapjicgiions) 2009)
other BESTPRA7: Enable Data Centre level power managenoént
institutions for | applications, networking and storage equipment

Green Data Centre Best Practice

greening data
centres

BESTPRAS: Airflow management

BESTPRAGQ: Liquid cooling

BESTPRAL10: More efficient transformers and or/UPS
BESTPRAL1: More efficient chillers, fans, and pumps
BESTPRA12: Free cooling

Scale: Four point scale: no, little, moderate andgeessive
implementation

Date centre REGLT1: Current and foreseeable government reguiati(e.g | (Butler,
" specific NGERS, ETS etc) 2011; Chen
o mimetic, REGLT2: Government incentives (energy efficiencpaqunities) | et al, 2010;
5 normative and| MIMIC1: Competitors’ extent of implementation Daly &
= regulative MIMIC2: Success stories of others who have impleteen Butler,
5 drivers MIMIC3: Suppliers’/customers' extent of implemematNORM1: | 2009; Kant,
b= Green Data Centre certifications 2009)
% NORM2: Current and foreseeable Data Centre stasdard
£ NORMS: Publicity about Data Centre energy consuampti
NORM4: Encouragement from industry associations
Scale: Five point likert scale not considered t@sg reason
S Ex-ante PERFEXZ1: Financial return (cost saving) on investme (Loper &
S 2 expectation of | PERFEX2: Environmental return (energy, emissionsteawater| Parr, 2007)
£ % returns from | reduction) on investment
3 investments in| PERFEX3: Improves uptime
ks 3 technologies | DCOPS3: Disaster recovery
and practices | Scale: Five point ranging from not considered tosg reason
Data centre EFFEX1: Changing our existing data centre to grega centre is (Kant,
é‘ managers’ ex-| difficult 2009)
I ante EFFEX2: Our current data centre facilities limie ttmplementation
® expectation of | of best practices
% difficulties in | EFFEX3:Implementing data centre best practicesiregja
= implementing | significant effort
L best practices | EFFEX4: 1t is difficult to keep up with latest datentre bes
w and practices
technologies | Scale: Five point likert from strongly disagreestoongly agree
Input based AORGC2: There is company-wide awareness on thea®ld in | (Grewal et
organisational,| causing and solving environmental problems al., 2001)
human & ASKILL1:Our IT personnel are skilled in latest datntre
financial technologies
2 competencies | ASKILL2: Our IT personnel are skilled in green daantre bes
':; practices
AGITG3: Budgets are allocated for Green IT initiat
AGITG4: We have a clear organisational policy opioving data
centre energy consumption
Scale: Five point scale from strongly disagreettorggly agree
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