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1    Introduction
Concerns about the environmental performance of industry have become an increasingly high profile issue in many industries (Jenkins and Yakovleva, 2006). The environment is one of key components of the triple bottom line framework that can help an organisation for   conceptualising,   managing   and  reporting   their   business   to   build   sustainable competitive advantage. Porter and Van der Linde (1995) argue that pollution is a form of waste,  that  if  eliminated  will  improve  productivity  and  that  the  environmental performance can improve efficiency of processes and reduce costs of compliance. It is also argued that information technology has played a pivotal role in driving changes in logistics industry. “…innovation is gaining importance in the logistics industry. The advent of new technologies and globalisation has inspired firms to look for new solutions for the challenge of business in today’s competitive landscape” (Nagarajan and White,
2008, p.305).
There are many strategies and approaches to improve the environmental performance. For example, Olsthoorn et al. (2001) state that the environmental performance of an organisation can be enhanced by the initiatives and actions that an organisation takes

for reducing the consumption of natural resources and the impact of its operations on the natural environment. Singh et al. (2009) state that the improvement of environmental performance of an organisation can be reflected by the natural resources consumed, the waste  produced,  the  proportion  of  the  waste  being  treated,  and  the  impact  of  its operations on the environment. While there has been much research concentrating on how information technologies can enable firms to overcome these technical barriers in improving environmental performance (Fürst and Oberhofer, 2012) our understanding on the role of IT as a solution for environmental sustainability is in its initial stages (Wang et al., 2015). Using ecological  modernisation perspective Jänicke (2008) argues that marketable technological solutions for environmental problems offer a broad spectrum of
‘win-win-solutions’. Several research have called attention on to explain whether and how IT can enable firms to pursue environmental sustainability (Melville, 2010; Watson et al., 2010). Given a need to develop a better theoretical framework to understand how the IT capability is used to improve environmental performance, the main purpose of this paper is to develop a research framework which can serve as a basis to understand how IT capability leads to improvement of environmental performance and what critical IT capabilities  would  improve  environmental  performance  in  an  organisation.  This  is because the IT has ability to play a crucial role in both greening its operations and services and supporting business’s overall environmental sustainability objectives (Molla et al., 2008). This paper is based on the resources-based view which considers an organisation to be heterogeneous packages of the resources that have capabilities and characteristics to predict organisational success (Barney, 1991; Bharadwaj, 2000). From this perspective, the resources can be seen as a basis of capabilities to gain and maintain the competitive advantage in the competitive business environment. Extending this view to the use of IT capability in improving environmental performance, IT capabilities represent the ability of an organisation in effectively and efficiently use of IT resources for improving environmental performance.
The rest of the paper is organised as follows. In the next section, the theoretical foundation is discussed leading to the research model and the hypotheses development. We  then  outline  the  research  methodology  which  is  followed  by  a  comprehensive analysis of the data, leading to the validation and testing of the proposed framework. Finally,  the  research  findings  and  their  implications  are  discussed  in  next  section followed by conclusion as the last section. This will be followed by the discussion on the research methodology. Next section discusses findings and the last section offers the conclusion and limitations.
2    Theoretical foundation
Improvement of environmental performance in organisations has been becoming popular in business activities. An effective improvement in environmental performance enables organisations to meet the government environmental regulations, improve organisations reputation, comply with environmental standards, improve organisational profitability, provide organisations with business opportunities and improve the competitive position of organisation in the market place (Antoni and Jie, 2012; Zhu et al., 2005). As a result, organisations have been implementing specific strategies and policies to improve their environmental performance.

IT capability is concerned with the IT resources that can be used for sharing capabilities and services in order to support business operations and develop environmental competence of IT (Cooper and Molla, 2012). The concept of IT capability can be determined from many perspectives. Duncan (1995) posits a flexibility approach for employing IT capability and it is one associated with aligning IT and business objectives, business design and IT plans, and IT human resources skills. Bharadwaj (2000) shows that IT capability is the organisational ability that is created by the interaction  of  IT  infrastructure,  IT  human  resources,  and  IT  intangible  assets  for improving organisational performance. Liu (2002) supports the notion that IT capability is  the  key  to  improving  the  efficiency  and  effectiveness  of  business  operations. Harmon and Auseklis (2009) utilise the ‘green computing’ approach to integrate power management, virtualisation, recycling, electrical waste disposal and optimisation of IT capability, in order to decrease the impact of business operations on the environment. Similarly, Molla et al. (2009) involve ‘green capabilities’ to encompass the IT and communication  resources  of  an  organisation,  along  with  the  shared  services  and business applications. These studies show that the use of IT capability can develop an organisation’s environmental competence.
Based  on  the  above  discussion,  this  paper  aims  to  identify  the  critical  factors for evaluating the IT capabilities when developing environmental competence in organisations from the perspective of quality of IT infrastructure and competence of IT human resources. A conceptual framework is hypothesised based on resource-based view theory as a theoretical lens to better understand how IT capabilities can be leveraged to improve environmental performance.
3    Environmental IT capabilities development
This study utilises the Resource Based Theory to develop environmental IT capability. The theory, developed by Wernerfelt (1984), asserts that organisations can gain and sustain competitive advantage by developing and deploying valuable resources and capabilities. Capabilities are complex bundles of skills and accumulated knowledge, exercised  through  organisational  business  processes,  which  enable  organisations  to control activities and to make good use of their assets (Day, 1994). RBV highlights the  importance  of  resources  and  capabilities  that  are  valuable,  rare,  inimitable  and non-substitutable for delivering services or producing goods more economically (Barney,
1991). The characteristic of value refers to the capacity of organisational resources to make a difference in performance and create sustainable value for an organisation. Rarity refers to the scarcity of the resource, that is, the heterogeneously distributed nature of a resource which is possessed by few organisations. It can also refer to the resources of an organisation which have the potential to create a superior advantage for the organisation. The inimitable characteristic means that it would be difficult for other organisations to imitate or copy the resource. The non-substitutable attribute is a strategic resource that cannot easily be substituted. Therefore, RBV is a theory that covers key resources and capabilities which, when combined, enable an organisation to compete successfully with other organisations in the market (Barney, 1991).

Adopting RBV theory, scholars have identified several types of IT capabilities in organisations. For example, Kettinger et al. (1994) argue that the IT capability of an organisation for achieving competitive advantage is determined by its IT infrastructure. Bharadwaj (2000) states that IT capability is the organisational ability created by the interaction between IT infrastructure, IT human resources and IT intangible assets in an organisation for improving its organisational performance. Tippins and Sohi (2003) argue that IT capability is the ability of an organisation to use IT resources for improving its performance. Jiao et al. (2008) state that IT capability, determined by IT infrastructure, IT human resources and IT management, can be used for improving organisational performance. Therefore, RBV is used in this study to define IT related capabilities required for enhancing an environmental performance. In the following section the identified research constructs will be discussed.
3.1   IT infrastructure quality
IT infrastructure quality (ITQ) is about the foundation of IT resources that can be used for sharing capabilities and services in order to support business operations in organisations. Broadbent et al. (1999) and Broadbent and Weill (1997) define ITQ as a significant component of organisations for meeting market change, redesigning business processes and extending international or geographically dispersed operations. Therefore, ITQ is an essential competence or capability of organisations used to meet market needs and achieve business objectives.
In  this  study,  it  adopts  the  combined  capability  approach  developed  by  Duncan (1995), Molla et al. (2008) to identify the abilities of IT infrastructure to be used for reducing the impact of business operations on the natural environment. Broadbent and Weill (1997) state that IT infrastructure has the capability to empower an organisation to adapt to the changing business environment and technological uncertainties. It might be determined  by  modularity,  simple  administration  procedures,  centralised  database, external entry points, and storage virtualisation adoption.
The modularity of IT infrastructure refers to a technique used to improve the service to stakeholders by modifying, removing and adding any software, hardware, and data elements of IT infrastructure (Antoni, 2015; Duncan, 1995). For example, building information systems in an organisation through repeating IS functions such as data, or software, applications module call routine, as well as data can and will be converted into reusable objects. Thus, the use of data and applications component become independent and reusable. Furthermore, they enable to be parts of infrastructure and processes of development, maintenance, or engineering of direct-purpose systems are simplified and cost are reduced. The second capability of IT infrastructure is simple and familiar procedures. The simple procedure can be developed based on standardisation data and information used and shared services across the entire organisation in order to present uniform services for all business units by lower cost. Therefore, those activities can be leveraged by an organisation for creating environmental friendly business processes through creating simple procedure and rule (Molla et al., 2008).
Centralised database  management system  is  critical  IT  infrastructure  that can  be utilised as capability to improve environmental performance of an organisation. This is because the centralised database is critical element of business process that can be used for improving environmental performance. For example, McKendrick (2010) states that the centralised database is used by organisation to more effectively grow their data

capabilities while reducing in staff time and operational costs. Chaudhuri et al. (2011) argues that the centralised database can increase flexibility and agility of existing computing  infrastructure  for  reducing  business  operation  costs.  Thus,  organisations can reduce the energy consumption in its business operations through increasing the utilisation of excess capacity possessed by centralised database.
IT infrastructure has the ability to connect internal and external business operations including business branches and units. It is showed that there is a need to provide an interface that can be utilised by organisation and its stakeholders to communicate each other’s. For external stakeholders, organisation provide IS functions such as web access and applications acceded by stakeholder for business transactions. The stakeholder and organisations can share automatically and seamlessly across the level of functionality. Therefore, the interface of IT infrastructure can be used to support commonality between different applications and uses as well as facilitating information sharing across and outside the organisation, cross-functional integration of infrastructure and reducing business operation costs.
Virtualisation technology refers to IT infrastructure that has the ability to share services with different platform technologies including hardware platforms, base software platforms, communication technology and middleware (Thomas et al., 2016). It is also used  to  support  commonality  between  different  applications  and  uses  as  well  as facilitating information sharing across and outside the organisation, cross-functional integration  of  infrastructure  and  reducing  business  operation  costs.  For  example, Kovar (2008) argues that server virtualisations ensure critical business functions can be accomplished and user productivity remains high even during disruptions by achieving high availability at the device, network and data centre levels, and by providing displaced workers with fast, convenient, reliable and secure access to the desktops, applications and data they require to do their jobs.
Hypothesis  1:  IT  infrastructure  quality  has  a  positive  impact  on  the  firm’s environmental performance
3.2   IT human resources competency
Besides ITQ, an organisation needs IT human resources that have competence to build and develop their information systems in order to improve organisational performance including environmental performance. Competence of IT human resources is determined by the technical skills and the managerial skills of the IT personnel available in an organisation  (Benitez-Amado  et  al.,  2010;  Powell  and  Dent-Micallef,  1997).  The technical skills are the abilities of IT personnel in programming, system analysis and design, network systems and communications, and competence in emerging technologies (Bharadwaj, 2000). Through these skill, IT human resources can contribute to the implementation   of   various   IT-related   applications   for   effectively   and   efficiently improving  organisational  operations  (Powell  and  Dent-Micallef,  1997).  Furthermore, the technical skills can assist the organisation to integrate IT and business processes more effectively. They can also create more efficient communications among business units through developing effective applications (Bharadwaj, 2000; Luftman, 2003; Thomas et al., 2016).

The technical capability of IT human resources is necessary but not enough. This is because the utilisation of IT infrastructure relies on both IT staff and management decision. With this capacity, the IT human resources can build a bridge between IT and business strategies by allocating appropriate resources for improving a business processes more effectively and efficiently (Pavlova, 2017; Speshock, 2010). Furthermore, with reliable IT human resources managers can coordinate various activities by successfully implementing specific IT applications (Bharadwaj, 2000). In addition, managerial skills can support the business process of an organisation by managing and redesigning environmentally sustainable business operations that reduce consumption of material and energy. The managerial competency of IT human resource help organisations to support their business process digitalisation and to develop IT environmental competencies. Managerial competency of IT human resources consist of knowledge of organisational plans and policies, business environment, alignment of IT and business strategies, management system standards, government regulations and standardisation of IT equipment.
In addition, Benitez-Amado et al. (2010) and Wehrmeyer (2017) state that IT human resources   can   build   environmentally   friendly   business   processes   by   managing and redesigning environmentally sustainable business operations for reducing the consumption of materials and energy in the organisation. Dao et al. (2011) describe how IT human resources are able to interpret business problems and address these with appropriate technical solutions. With this ability, IT personnel can redesign business processes to be more environmentally friendly, for example, by developing IS functions for automating business operations. Based on the above argument, the following hypothesis is proposed:
Hypothesis 2: IT human resource competences have a positive impact on the firm’s environmental performance
3.3   Environmental IT competence
Environmental issues influence businesses’ competitive landscapes in new technique. Organisations  with  the  technology  and  vision  to  provide  environmentally  friendly products and services that address ecological issues will achieve a competitive edge. For example, when making purchasing, leasing or outsourcing decisions, many customers now consider the service provider’s environmental record and initiatives (Murugesan,
2008). ANZ has policies for banning screensavers and retiring the energy in an efficient system (Molla et al., 2009). In addition, IT functions are easily upgraded to meet business demands. It also is able to educate employees’ behaviour around reducing the energy consumption. Therefore, the adoption of IT is needed to help an organisation to build and improve its environmental competence.
With the rapid development of IT in organisations, there is an increasing need to use IT functions to improve environmental performance, including developing sustainability behaviour of human resources in an organisation (Pham et al., 2019). Adela et al. (2008) and Zientara and Zamojska (2018) argue that IS functions are able to build the commitment of employees to environmentally friendly work practices in an organisation. Ndubisi  and  Al-Shuridah  (2019)  argue  that  the  use  of  IS  functions  can  help  an organisation to promote the choice of environmentally sustainable courses of actions by their employees. Molla et al. (2008) argue that eBay uses its market portal and other web

2.0 technologies to empower its internal green team, which helps concerned buyers to evaluate and select greener merchants.
Furthermore,  several  studies  have  revealed  that  IT  environmental  competence can be reached by implementing environmental strategies and policies. For example, Tom (2011) and Rubio et al. (2019) argues that environmentally friendly IT purchasing policies can be implemented by an organisation for meeting government regulations regarding the waste of electrical and electronic equipment. Furthermore, the availability of  reusable  IT  equipment  procedures  can  fulfil  government  regulations  as  well  as reducing operating costs. Molla (2008) argues that organisations have to be concerned about their IT suppliers’ environmental footprints in order to improve their environmental reputation. In the supply-chain management view, Zhu et al. (2005) and Salim et al. (2018) argue that there are pressures and drivers for implementing and adopting the ISO
14001  environmental  management  system  (EMS)  to  comply  with  standards  and  to improve competitive position in the marketplace.
Environmental  IT  competence  is  also  a  scenario  where  organisations  have  to consider how their business operations impact on ecological factors. Environmental IT competence is being used as a new source of strategic advantage, value differentiation and   intangible   brand   value   (Liu   and   Atuahene-Gima,   2018).   Furthermore,   this competence can assist organisations to operate in compliance with environmental regulations  (Adela  et  al.,  2008)  as  well  as  international  environmental  requirements (Zhu et al., 2007). For this reason, environmental IT competence has emerged as an important new archetype for organisations to improve profit and market share objectives by reducing the dangers they pose to the environment (Remko, 1999; Zhu et al., 2007). Antoni and Jie (2013) examines the IT capabilities used for developing the environmental competence. They developed an ecological competence model based on previous studies of green IT and environmental performance. They also found that organisations can develop their environmental competence by employing IT capabilities that deliver sustainable  value  to  relevant  stakeholders  and  improves  environmental  performance. For example, adopting IT equipment made from non-hazardous materials can help organisations show that they take environmental matters seriously and this will enhance their reputation. The above discussion would lead to the following hypothesis:
Hypothesis  3:  environmental  competence  of  an  organisation  has  a  positive  and significant impact on the firm’s environmental performance
3.4   Business process digitization 
There is much research investigating the role of business process digitisation (BPD) for improving environmental performance. For example, Gholami et al (2016) organisations with business process digitisation can make extensive and intensive use of IT for communications   and   business   transactions   in   business   processes   to   improve environmental performance. The use of computer network systems and teleconferencing technology in business operations is an essential component for linking stakeholders inside and outside organisations (Lindeblad et al., 2016). These technologies are required by organisations including ICT organisations to communicate and interact with their business units and partners on different islands. Furthermore, these technologies also can help organisations to develop ‘green offices’ with reduced transport costs and less energy consumption. This study has also shown that organisations can consider other types of

communications technology that can be used in many different business environments to reduce operating costs, office space and the size of the workforce.
Furthermore, Zhang and Wen (2017) explore the relationship between BPD and strategy in organisations. In this study, the internet is used as the important element in business  process  digitisation.  Furthermore,  the  study  utilises  the  innovation  and efficiency approach to develop the environmental competence of organisations. With the innovation orientation, the study shows that the internet facilitates organisations in improving communication with stakeholders, to explorer large audiences. Through the efficiency orientation, the study shows that the internet can provide lower cost to market and automation of administrative processes. Therefore, organisations can use the internet to produce lower costs and more efficient and effective business operations in order to improve environmental performance.
Weill  and  Vitale  (2002)  argue  that  organisation  with  high  BPD  make  intensive and extensive use of IT for communications, business transactions and key business processes. The use of IT for internal and external communications refers to the intensity of electronic communications media for business operations such as email, intranets and wireless devices. The use of IT for business transactions refers to a high degree of digitalisation of an organisation’s repetitive transactions, particularly sales, customer interaction  and  purchasing.  The  use  of  IT  for  key  business  processes  refers  to internet-based architectures for key business functions including sales force management, employee performance measurement, training and post-sales customer support.
BPD is widely used for enhancing environmental performance. For example, the adoption of electronic procurement (e-procurement) supports reducing paper usage in business  activities  and  improving  environmental  performance  (Loos  et  al.,  2011). The adoption of customer service systems with websites that provide electronic forms and e-services can reduce the costs of office space and human intervention to minimum business operation costs (De Ruyter et al., 2001). The adoption of environmental information  disclosure  can  help  an  organisation  to  achieve  pollution  prevention and control with relatively lower regulatory costs. Furthermore, it can improve the environmental reputation of an organisation (worldbank.org). Adoption of web databases as document management systems helps organisations to manage their documents. In this system, documents are indexed and filed electronically and stored centrally so that every authorised  user  has  access  to  them  through  any  internet  connection  where  they  are located. With text search and optical character recognition features, retrieving documents is as quick and easy as a Google search. Therefore, employees do not need much time to go searching through file cabinets to find a file. Based on the above discussion the following hypothesis is proposed:
Hypothesis  4:  Business  process  digitisation  has  a  positive  impact  on  the  firm’s environmental performance
Table 1 summarises the literature discussed above and proposes a research framework presented  in  Figure  1,  which  outlines  the  relationship  between  ITQ,  IT  human resources competence, business process digitisation, environmental IT competence and environmental performance.

Table 1        Construct of IT infrastructure capabilities
Constructs              Items                                                              References

IT infrastructure quality (ITQ)
IT human resources competencies (ITH)
Business process digitisation (BPD)


1.  Modularisation of information systems functions
2.  Implementation of simple administration procedures and rules
3.  Adoption of centralised database management systems
4.  Adoption of extranets as entry points for external users
5.  Adoption of virtualisation technology for improving data processing in business transactions
1.  Operating system competencies of IT
personnel
2.  Emerging technology competencies of
IT personnel
3.  IT personnel have the knowledge to understand the business environment that they support
4.  IT personnel are able to interpret business problems and develop appropriate technical solutions
5.  IT personnel have the knowledge
about to identify the standardisation of IT equipment (e.g., energy star and electronic product environmental assessment tool)
1.  Adoption of teleconferencing technologies to provide integrated video and audio to connect users anywhere in the world through the internet access
2.  Adoption of broadband communication networks for
delivering high bandwidth applications
(e.g., imaging and video conferencing)
3.  Adoption of e-procurements to provide the purchase of supplies, work, and services through the internet as well as other information and networking systems
4.  Adoption of document management/ archival systems to track and store electronic documents

Antoni (2015), Duncan (1995), Loos et al. (2011), Mann et al. (2009), Molla (2009b), Molla and Abareshi (2012), Thomas et al. (2016)
Adela et al. (2008), Benitez- Amado et al. (2010), Cooper and Molla (2012), Pavlova (2017), Sayeed and Gill (2008), Speshock (2010), Wehrmeyer (2017)
Byrd and Turner (2000), Loos
et al. (2011), Mann et al. (2009), Melville (2010), Molla (2009a), Gholami et al. (2012), Murugesan
(2008), Weill and Vitale (2002),
Zhang and Wen (2017)

Table 1        Construct of IT infrastructure capabilities (continued)
Constructs              Items                                                              References

Environmental IT
competence
Environmental performance (EP)


1.  Top management is very concerned with green IT issues
2.  The IT Vision of an organisation is clearly defined
3.  Ability of IS functions to build the commitment of employees to environmentally friendly work practices in an organisation
4.  Ability of IS functions to promote the choices of environmentally sustainable course of actions
5.  Low-energy IT equipment is widely used in our organisation
1.  Energy consumption
2.  CO2 emission reduction
3.  Environmental management system
4.  Environmental initiatives
5.  Environmental disclosure

Héroux and Fortin (2018), Molla
(2009a), Sayeed and Gill (2008)
Elsayed and Paton (2005), Jacobs et al. (2010), Moneva and Ortas (2010)

Figure 1    The proposed conceptual framework
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4    Research methodology
The data was collected using a questionnaire method. At the beginning of this phase, a pilot study of the instruments with a small number of participants was conducted. The purpose of the pilot study was to ensure that the questionnaire was well developed. Then the questionnaire was structured and presented on a seven-point Likert scale to facilitate examination of the relationship between the role of IT capability and organisational environmental performance. A seven-point Likert scale was used to measure   the   perceptions   of   participants   in   using   IT   capability   for   improving environmental performance in each organisation, which later determined the critical factors of IT capability for improving environmental performance. The sampling unit of

this study was from managerial levels in selected 1265 Indonesian ICT organisations based on the list provided by the Ministry of Trade, Republic of Indonesia. People with managerial positions are key participants in improving environmental performance (Bowen  et  al.,  2001;  Carter  and  Ellram,  1998;  Zhu  et  al.,  2005).  We  believe  that managers or their equivalent are both well positioned and better informed to answer the research questions. Therefore, the respondents with managerial positions were selected using a clustering approach. Clustering was based on the regions where the ICT organisations were located. Of 1265 questionnaires sent, 404 responses were received of which 65 responses were removed due to incomplete answers. This left 339 cases for further analysis which means a response rate of 26.8%. Table 2 shows the summary of information of the respondents.
Table 2        Demographic distribution of collected data
	Job Title
	Frequency
	Percent
	
	IT proficiency
	Frequency
	Percent

	CEO/President
	22
	6.5
	
	Low
	17
	5

	Director
	12
	3.5
	
	Medium
	160
	47.2

	Manager
	81
	23.9
	
	High
	162
	47.8

	Supervisor
	59
	17.4
	
	Total
	339
	100

	Others
	165
	48.7
	
	
	
	

	Total
	339
	100
	
	
	
	

	Firm size
	Frequency
	Percent
	
	Business type
	Frequency
	Percent

	1–50
	94
	27.7
	
	Computer Hardware
	57
	16.8

	51–100
	70
	20.6
	
	Telecom
	204
	60.2

	101–250
	22
	6.5
	
	IT Consultant
	20
	5.9

	251–500
	8
	2.4
	
	IT Solution
	37
	10.9

	501–1000
	9
	2.7
	
	Others
	21
	6.2

	>1001
	136
	40.1
	
	Total
	339
	100

	Total
	339
	100
	
	
	
	


5    Data analysis
5.1   Measurement model
To determine the statistical validity of the survey instrument, several statistical tests were performed on the collected data. To start, an exploratory factor analysis (EFA) using Mplus 7.4 was conducted. Before undertaking the EFA, a critical stage is to evaluate the quality of the sample. Therefore, tests of sampling adequacy and sphericity were conducted. The Kaiser-Meyer-Olkin (KMO) and Bartlett’s Test of Sphericity were used to assess the suitability of the respondent data for factor analysis. KMO value is 0.870 and Bartlett’s Test of Sphericity with p value of 0.000 indicate that there are correlations in the dataset that are appropriate for factor analysis and the hypothesis testing (Kaiser,
1960). The objective of EFA is to identify the underlying constructs of the research. To estimate SEM models with ordinal data it is highly recommended to use the more generalised  weighted  least square  based robust  estimators.  Therefore,  mean  adjusted

WLS estimator (WLSM) was used as the model estimation (Muthen, 2004). The results of EFA show that the items were loaded as hypothesised factors with χ2 = 545.162 with d.f = 241,  p-value = 0,  RMSEA = 0.061,  WRMR = 0.827,  CFI = 0.99  and  TLI = 0.99 which show an acceptable model fit. A WRMR value of 1.0 or lower is considered a good fit (Yu, 2002). Raykov (1998) has demonstrated that Cronbach’s alpha may over- or under-estimate scale reliability. As such, we calculate the reliability RHO to test the internal consistency of the research instrument. Minimum RHO of 0.897 indicates of the internal consistency of the instrument. The results of EFA and one factor congeneric model are shown in Table 3.
Table 3        The results of EFA and one factor congeneric model
	
	Mean
	Std. dev.
	Factor loading
	AVE
	Construct reliability (RHO)
	Goodness-of-fit

	Environmental IT competence
	
	
	
	0.637
	0.897
	

	EIT1
	5.53
	0.891
	0.796
	
	
	Chi square= 7.68

	EIT2
	5.59
	0.923
	0.762
	
	
	P value = 0

	EIT3
	5.60
	0.915
	0.809
	
	
	CFI = 0.99

	EIT4
	5.64
	0.920
	0.794
	
	
	TLI = 0.99

	EIT5
	5.60
	0.928
	0.827
	
	
	RMSEA = 0.07

	Human resources competence
	
	
	
	0.727
	0.930
	

	ITH1
	5.76
	0.958
	0.851
	
	
	Chi square= 2.76

	ITH2
	5.74
	0.921
	0.844
	
	
	P value = 0

	ITH3
	5.75
	0.938
	0.866
	
	
	CFI = 1.00

	ITH4
	5.74
	0.938
	0.847
	
	
	TLI = 0.98

	ITH5
	5.74
	0.946
	0.856
	
	
	RMSEA = 0.07

	Business process digitisation
	
	
	
	0.732
	0.916
	

	BPD1
	5.62
	0.960
	0.779
	
	
	Chi square= 7.68

	BPD2
	5.65
	0.947
	0.924
	
	
	P value = 0

	BPD3
	5.63
	0.944
	0.877
	
	
	CFI = 0.99, TLI = 0.99

	BPD4
	5.58
	0.937
	0.836
	
	
	RMSEA= 0.00

	IT infrastructure quality
	
	
	
	0.733
	0.932
	

	ITQ1
	5.51
	0.892
	0.883
	
	
	Chi square= 1.003

	ITQ2
	5.51
	0.878
	0.814
	
	
	P value = 0

	ITQ3
	5.55
	0.897
	0.889
	
	
	CFI = 1.00

	ITQ4
	5.54
	0.901
	0.860
	
	
	TLI = 1.00

	ITQ5
	5.60
	0.906
	0.831
	
	
	RMSEA = 0.00

	Environmental performance
	
	
	
	0.673
	0.911
	

	ENP1
	5.50
	0.888
	0.838
	
	
	Chi Square= 7.68

	ENP2
	5.53
	0.885
	0.800
	
	
	P value = 0

	ENP3
	5.51
	0.892
	0.903
	
	
	CFI = 0.99

	ENP4
	5.52
	0.885
	0.751
	
	
	TLI = 0.99

	ENP5
	5.57
	0.896
	0.803
	
	
	RMSEA = 0.07


In addition, this study performed Harman’s single factor test with all indicators used in this study. A total of five factors were extracted. The first factor explains 34.3% of the variance which suggests that common method bias is not a major concern in this study (Podsakoff et al., 2003).
To ensure of quality of measurement, a confirmatory factor analysis (CFA) was employed to assess the reliability and validity of construct. CFA is a way of testing how well measured variables represent a number of constructs (Hair et al., 2010). As seen in Table  4,  the  average  variance  extracted  (AVE)  for  all  factors  are  greater  than  0.5, implying convergent validity of the measurement indexes. AVE estimates for two factors should be greater than the square of the correlation between the two factors to provide evidence of discriminant validity (Hair et al., 2010). As shown in Table 4, AVE values are greater than squared correlation among constructs which indicates discriminant validity.
Table 4        Results of convergent and discriminant validity analysis
	
	Env. IT
competence
	HR
competence
	BP
digitisation
	IT infr. quality
	Env. performance

	Env. IT competence
	0.637
	0.312
	0.411
	0.144
	0.366

	HR competence
	0.559
	0.727
	0.185
	0.116
	0.286

	BP digitisation
	0.641
	0.430
	0.732
	0.203
	0.272

	IT infr. quality
	0.379
	0.341
	0.451
	0.733
	0.484

	Env. performance
	0.605
	0.535
	0.522
	0.696
	0.673


Values on the diagonal (bold font) represent average variance extracted. Values above the diagonal (italic font) represent the inter-construct squared correlations. Values under the diagonal represent the inter-construct correlations.
An estimated model of critical factors in information technology capability and environmental performance was devised based the results of measurement model. Four constructs were evaluated in the proposed theoretical framework: environmental IT competence, human resources competence, BPD, and ITQ. Testing the causal model’s goodness  of  fit  yielded  the  following  results:  χ2    (241) = 545.162,  p-value = 0.00, CFI = 0.994, TLI = 0.993, and WRMR value of 0.827 and RMSEA = 0.061 with 90% C.I. between 0.054 and 0.068. The results of model fit indices indicate of an acceptable model’s fitness to the collected data. After confirming the fitness of the model, this study processed to the hypotheses testing.
Table 5 shows the estimates of path coefficients for the proposed model. The Environmental IT competence (estimate 0.29, p = 0.00), IT human resources competence (estimate  0.19,  p = 0.00),  and  ITQ  (estimate  0.51,  p = 0.00)  were  found  to  have significant relationship to firms’ environmental performance. In the meantime, Business process digitisation (estimate 0.024, p = 0.664) did not show a significant impact on firms’ environmental performance. The model explains 65.5% of the variances in the firms’ environmental performance.

Table 5        Hypotheses testing for hypothesised structural model
	Factors
	Standardised estimates
	P value
	Outcome

	IT infrastructure quality                 ⇒       Environmental performance
	0.511
	0.000
	Accepted

	IT human resources competence    ⇒       Environmental performance
	0.188
	0.000
	Accepted

	Environmental IT competence       ⇒       Environmental performance
	0.290
	0.000
	Accepted

	Business process digitisation          ⇒       Environmental performance
	0.024
	0.664
	Rejected


6    Discussion
The use of IT capability in improving environmental performance is relatively new to the field of information system research. Organisations with the IT and vision to provide products and services that address environmental issues will achieve a competitive edge. One reason is that when making decisions about purchasing, leasing or outsourcing, many customers now take into account the environmental initiatives of the provider of products or services (Murugesan, 2008). Therefore, businesses need to consider using IT in ways that develop and improve their environmental competence.
In this study, energy consumption reduction is focused on building efficiency of business operations. Furthermore, this can be achieved by using IT and IS to automate business activities and reduce human interventions in environmental protection process. In addition, energy consumption is also about how the embedding of IT capability enhances information processing in business operations. In terms of environmental management systems (EMSs), information technology has been employed to help organisations to improve their environmental performance and perform environmental management.  EMS  is  one  of  indicator  of  how  the  organisation  manages  business processes including material flows, life cycle assessments, legal databases, government effluent monitoring, and environmental knowledge sources. EMS is determined by the extent to which this indicator is important in managing the business processes of an organisation. For example, the use of personal computers, servers and workstations are used for air emission monitoring and wastewater sensors.
The environmental initiatives of an organisation are about the extra effort that an organisation takes for improving its environmental performance through adopting IT capability in addition to meeting the basic environmental compliance requirements. For example, adopting green IT practices offers organisations with business and individual financial benefits through redesigning and replacing their IT products and services with environmentally friendly IT products designed to make their business operations greener for the long term. Another example is Apple Inc. that has an initiative solution at maximising energy efficiency through reducing and eliminating toxic chemicals present in their new products and more aggressively recycling its old products.
The environmental reputation of an organisation is related to the environmentally friendly image that the organisation wants to project to the public of its overall commitment towards environmentally sustainable operations (Van Passel et al., 2007). With the increasing demand on organisations for sustainable developments, organisations begin to adopt various approaches for establishing and promoting themselves as environmentally responsible citizens in the community.  For example,  businesses use

sustainability and corporate social responsibility initiatives such as green supply chain management, environmentally preferable business practices; environmentally friendly technologies, and an aggressive stance towards CO2 emissions to demonstrate their commitment to the environment (McWilliams et al., 2006). Returns from such initiatives include building positive brand image, mitigating any environmental liabilities associated with  a  firm’s  products  and  services  and  influencing  the  mindset  of  customers  and investors (Rao and Holt, 2005; Sen et al., 2006). Consumer buying habits are increasingly driven by ethical concerns. Green issues may not only have an impact on consumer buying power, but also affect how both the public and private sector award competitive tenders (Cooper and Molla, 2012).
Descriptive findings of this research indicate that the adoption of centralised database management systems, modularisation of information systems functions and storage and desktop virtualisations builds a well-integrated platform that allows Indonesian ICT organisations to run a virtual business online like conducting real-time business transactions via communications and computer networks. This was also evident in Vazquez et al. (2011) study, which found that with an increase in virtual technologies, organisations have opportunities to build business processes effectively and efficiently.
The acceptance of Hypothesis 1 suggests that the critical components of ITQ, such as the adoption of database management systems, storage virtualisation and implementation of simple administration procedures and rules lead to improved environmental performance as manifested in term of a EMS, environmental initiatives, environmental disclosure, and organisational environment reputations in a developing economic country such as Indonesia. This is very important for Indonesia as one of the largest countries in the world is one of the world’s most vulnerable countries to natural disasters. This is because Indonesia is located on the pacific ring of fire that is subject to the constant risk of volcanic eruptions, earthquakes, tsunamis and floods. In the last 15 years, Indonesia has endured devastating natural disasters that have resulted in the deaths of hundreds of thousands of people and have had destructive effects on the country’s infrastructure (Indonesia, 2012). Furthermore, this also affects the economic and business environment in Indonesia. Based on the World Bank (2011), the economic impact of the 2004 earthquake  in  Aceh  was  estimated  at  US$ 4.5 billion  dollars.  Likewise,  in  2006, the earthquake in Yogyakarta caused an economic impact of US$ 3.5 billion dollars. Surprisingly, virtual technologies including server, storage and desktop virtualisation have been found to be the best technologies for disaster recovery in business processes because of their high resource utilisation, high availability, and recovery management and dynamic infrastructure (Sindoori et al., 2012). Disaster recovery is the process in business operations of organisations that can recover data after any catastrophic events occurs. The finding is also consistent with Gmach and Holcomb’s (2004) study finding that these technologies when implemented in organisational business processes with more empowerment  showed  significant  improvement  in  reducing  process  recovery.  This current finding also agrees with Kovar (2008), Hoopes (2009) and Delahunty’s (2011) study findings; that is, that virtualisation technologies are essential infrastructure in business processes when disasters occur because they are easy to set up and configure in problem areas.
As most islands in Indonesia, such as Sumatra, Borneo, Sulawesi and West Papua, have electricity supply issues, with these virtualisation technologies, ICT organisations have solutions for operating their business activities through placing their information and database systems with overseas or domestic internet service providers that have the

capacities to overcome these problems for operating business processes. The finding is consistent  with  that  of  Marston  et  al.  (2011)  that  the  concept  of  virtualisation technologies embraces the ideas encapsulated in green computing, since not only are the computing resources used more efficiently, but further, the computers can be physically located in geographical areas that have access to no electricity supply while their computing power can be accessed long distances away over the internet. This current finding also agrees with those of Wittow and Buller (2010) and Kloch et al. (2011); that is, that virtualisation technologies allow organisations to access their data anywhere and anytime through the internet to deliver computer performance required business activities including telecommunications and transactions.
Hypotheses testing also shows that IT human resources competence has a significant positive effect on environmental performance (H2). It emphasises the vital role of human resources in leveraging IT capabilities. In Indonesian ICT circumstances, the competence of IT human resources in environmental government regulations, management system standards (ISO) and standardisation of IT equipment can help organisations as guidelines in business processes to select suppliers, raw material and products with the objective of minimising the environmental impact of their business activities (PT Bakrie Telecom,
2012). For example, PT Telkom has implemented the standardisation of IT equipment in its business processes to facilitate the development of governance process and documentation   systems   in   order   to   develop   environmental   capabilities.   Further, ICT organisations have identified ‘green’ suppliers based on government reports and international independent organisations addressing the environmental issues for building environmental business operations. Therefore, a combination of IT human resources competence and business process digitisation is required for the Indonesian ICT industry to  develop  environmental  IT  competence  of  IT  in  their  organisational  business operations.
In Hypothesis 3, Environmental IT competence was hypothesised to influence the environmental performance of an organisation. It focuses on the firms IT vision on green IT issues and IT functions in promoting sustainable strategies. The current finding endorses previous environmental performance studies that have identified the effects of environmental IT competence on environmental performance. Chou and Chou (2012) found that organisations must create environmental policies and procedures to guide employees’  working  behaviour  and  methods.  Reusable  and  disposal  IT  equipment policies are required as part of organisations’ social responsibility to deal and meet with local government and international independent organisations (Vazquez et al., 2011). This finding is in line with that of Rubio et al. (2019) who states and conceptually argues that environmental policies cover the work that an organisation has done to support EMSs  in  daily  business  operations.  This  finding  is  also  consistent  with  RBV-based studies in IS, which found that environmental policies are embedded in a bundle of green capability to enable and support environmental initiatives across the significant areas of sourcing, operations and services in order to improve the environmental reputation of organisation (Dubey et al., 2019).
Our findings show that the sustainability behaviour of employees is influenced by the capabilities of IS that can build and change their commitment to environmentally friendly work practices and promote the choice of environmentally sustainable courses of actions. This finding is related to that of Gholami et al. (2013), who found that IS adoption has a significant relationship with environmental performance. This is also consistent with Butler and McGovern (2009) argument about IS having the ability to help organisations

provide an annual sustainability report that is required by local government and global regulators. Likewise, the finding supports the theoretical finding of Tom (2011) regarding the importance of the ability of IS adoption to improve the environmental reputations of organisations.
The   finding   of   a   relationship   between   environmental   IT   competence   and environmental performance implies the importance of resource stewardship for organisational environmental performance in business operations. In this case, organisations  in  reducing  the  impact  of  their  business  activities  on  the  natural environment should implement and adopt IS functions that consider the IT life management.  For  example,  Dell computers  provide  information  systems  to  facilitate customers in recycling and disposing of their product in an environmentally friendly manner (Loos et al., 2011).
7    Conclusion and limitations
This research investigated the critical factors involved in IT capability for developing environmental  competence  in  Indonesian  ICT  organisations  from  the  perspective  of IT-related human resource competencies and infrastructure. The hypothesised framework is  developed  based  on  a  review  of  the  literature  on  RBV  theory  and  green  IT. The framework is validated using SEM based on survey data collected in Indonesia. It is evident that environmental performance is influenced by ITQ, IT human resources competence, and environmental IT competence. There are some limitations in this study: First, this research focused only on the ICT industry in Indonesia. It may raise questions about the limited external validity and could limit the generalisability of the findings. Second, this research was conducted as a cross-sectional study. Future research might consider a longitudinal study to investigate the impact of the underlying factor on environmental performance over time. Furthermore, the survey respondents were all IT managers. As such, their responses could lack the required level of impartiality, that is, they  may  have  had  a  tendency  to  favourably  assess  the  IT  capability  of  their organisations.
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