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ABSTRACT

Cloud Computing is a topic that has gained momentum in the last years. Current studies show that an
increasing number of companies is evaluating the promised advantages and considering making use of
cloud services. In this paper we investigate the phenomenon of cloud computing and its importance for
the operation of ERP systems. We argue that the phenomenon of cloud computing could lead to a
decisive change in the way business software is deployed in companies. Our reference framework
contains three levels (IaaS, PaaS, SaaS) and clarifies the meaning of public, private and hybrid clouds.
The three levels of cloud computing and their impact on ERP systems operation are discussed. From the
literature we identify areas for future research and propose a research agenda.
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1 Background and Research Question

“In the wake of the 2008-09 financial and economic crises, firms have looked for ways to
consolidate their ICT infrastructures and services and increase returns on their investments.
Cloud computing appears an attractive option.” (OECD 2010, p. 148)

Cloud computing is a concept that has gained increasing attention over the last years
(OECD Report, p. 27). In many ways it is not a completely new phenomenon as it
incorporates elements of IT outsourcing which has been available for more than 10 years
(e.g. the provision of software over the Internet or the housing of IT infrastructure for client
companies). There are clear signs that companies’ interest in cloud computing services is
rising: “Demand for cloud computing services is expected to continue to increase; according
to IDC, the market for cloud computing services will grow by around 40% in 2010” (OECD
2010, p. 148). Some authors argue that cloud computing represents the future way of using
information technology in businesses (Barnatt 2010; Velte et al. 2010). They point out that
obtaining computer power over the Internet could have a profound impact on the whole
computer industry and rid companies from having to install software on their own internally
operated systems. As a consequence, they will not need to purchase or maintain hardware
and software that can simply be rented online.

1.1 Emergence of Cloud Computing

The development of services for cloud computing (as a particular form of IT outsourcing)
has been stimulated by three complementary and very influential technological
achievements:

1. AJAX technology
which enables a client to communicate with the server in the background and to
dynamically change Web pages without reloading them. AJAX technology helps create
a “rich client”, a so called RIA, and has boosted the use of thin clients and mobile
devices. (Linthicum 2009, p. 190)

2. The concept of multitenancy
which describes the shared use of an installation of a single software program by

multiple client companies using their own, private, individual data spaces. (Velte et al.
2010)
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3. Last and most importantly virtualization
which enables the sharing of physical computer resources. (Babcock 2010, p. 51ff.)

AJAX makes rich clients possible and thus improves the capability of running an externally
hosted application locally, Multitenancy is the prerequisite to the shared use of software, and
virtualization allows for dividing of physical resources — all three together drive the cloud
computing market.

Cloud computing, like similar forms of IT outsourcing, is heralding certain promises to user
companies (also see Loh and Venkatraman 1995; Clarke 2010):

e The decrease of capital cost because the customer does not acquire hardware or licenses up
front any more (OECD 2010, p. 147)

e Cost transparency e.g. through pay-per-use or subscription models (Ovum 2010, p. 10)
e The decrease of operational costs (Velte et al. 2010, p. 3; OECD 2010, p. 147)

e Increased flexibility for business processes due to lower switching cost (lyer and Henderson
2010)

e Guaranteed service level (Mell and Grance 2009)
o Simplicity through commaodity services (Ovum 2010, p. 10)

These advantages of cloud computing are backed by the latest Ovum report (2010) and the
OECD 2010 report on information technology: “Cloud computing is one of the most
discussed and publicized technologies of recent years. Interest in cloud computing is mainly
motivated by its potential to reduce capital expenditures and to deliver scalable IT services
at lower variable costs.” (OECD 2010, p. 147)

On the other hand, the literature discusses some open problems (Clarke 2010; Linthicum
2010):

e Permanent access (if Internet connection is down the service is down) (Velte et al. 2010, p.
5).

e Service provided can be down (Velte et al. 2010, p. 6)

e Sensitive or proprietary information which cannot be stored outside the company does not
allow for cloud computing in certain application areas
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¢ Integration of applications run by different providers (lyer and Henderson 2010)

e Lock-in with vendors (getting your data “out” when you want to move is connected to hefty
moving fees) (Velte et al. 2010)

e Some vendors are not established players and might not be able to sustain their operations for
long (lyer and Henderson 2010)

1.2 Cloud Computing and ERP

This paper investigates the impact that cloud computing might have on the way standard
ERP systems are operated (their “operations model”). ERP systems are integrated software
packages with a common database that support business processes in companies (Stachr
2010). They comprise different functional modules that reflect the departmental structure of
a company (accounting, procurement, sales, production, warehousing, etc.). They are
developed and offered by ERP vendors and sold as “standard software” that fits the needs of
many companies, often optimized for certain industries (industry or vertical solutions).
Since ERP systems support the core processes and have to reflect the organizational
structure of a company they come in many different sizes and specializations. Most
importantly, they usually go through a substantial customization process to make them fit to
the needs of a particular company; and they often need to be electronically linked with other
software systems (e.g. legacy systems or partner systems). The feasibility of such adaptations
need to be addressed before the decision for cloud computing is taken. Whilst there is little
doubt that cloud computing can be beneficial in the areas of office computing and work
group collaboration (Barnatt 2010), it is interesting to examine different forms of operating a
complex business software system (such as an ERP system) in a cloud environment.

The parties that need to be discussed when looking at cloud computing as an operations
model for ERP systems are the following:

User company (the company that uses the ERP system for their daily business processes)
ERP vendor (the company developing and selling licenses for the software)

ERP implementation partner (the company that supports the user company with the
implementation), and the

4. Cloud service provider (the company running the cloud environment).
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1.3 Definitions and Research Questions

There is no common definition of the term cloud computing in the literature yet (Velte et al.
2010. p. x1v). This paper synthesizes definitions and perceptions from a broad range of
literature (academic and industry) and provides a framework of reference for IS research.
We base our terms and definitions on the understanding reflected in the majority of
literature sources and apply it to the area of ERP systems. At the basis, we are using the
NIST 2009 definition of cloud computing which seems to have gained common acceptance
in the literature (Mell and Grance 2009; Iyer and Henderson 2010; Babcock 2010; Vaquero
et al. 2009; Buyya et al. 2009). The NIST definition describes different types of services in a
layer model (infrastructure, platform, software) and distinguishes private, public,
community and hybrid clouds depending on the exclusiveness of the service model. Table 2
contains terms and definitions and the following section explains these concepts in more
detail.

The underlying research questions of this paper are the following:
What impact is cloud computing going to have on the operations model of ERP systems?
What are the future opportunities and challenges of cloud computing for ERP systems?

In order to discuss these questions, we first need to define and understand what exactly
cloud computing is. For this we developed a reference framework of underlying terms and
concepts. With the help of this framework we discuss cloud aspects which could be
influential for ERP systems. Based on the literature and our own observations we then
propose a research agenda for “cloud computing and ERP systems”.

The remainder of the paper is structured as follows: First we present our literature analysis
and the resulting reference framework for cloud computing. We then discuss the relevance
of cloud computing for ERP systems. Next we propose and discuss an IS research agenda
for cloud computing. The concluding section contains a reflection on our research findings
and casts a look on future research.
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2 Reference Framework for Cloud Computing

This section explains the research steps and introduces the reference framework for cloud
computing.

2.1 Research Steps

We performed a review of the academic literature in order to identify the use (definitions) of
terms and to analyze current topics and issues for cloud computing. Following Torrasco’s
guidelines for literature reviews we are providing an integrative literature review which is
suited for topics that address new or emerging topics “that would benefit from a holistic
conceptualization and synthesis of the literature to date.” (Torrasco 2005, p. 357) Torrasco
suggests that the outcome of such a work is normally a model or framework, the latter being
ideally suited for our purpose. In essence, the literature review helped us (1) to define and
clarify the problem, (2) to summarize previous investigations in order to inform the reader
of the state of current research, (3) to identify relations, contradictions, gaps, and
inconsistencies in the relevant literature and (4) to suggest the next step or steps in solving
the problem.

Step 1 ” Source selection”: We began our search in the IS basket of eight top journals as
according to Webster and Watson (p. xvi), major contributions in a field are likely to be in
leading journals. Since cloud computing is a fairly new topic, our search yielded very few
articles of relevance. We further extended the journal list to include 22 journals based on the
Rainer and Miller (2005) MIS journal rankings.

This was supplemented by proceedings from eight IS conferences, including four that were
considered major international conferences important for the IS field (Caya and
Pinsonneault 2004, p. 2; Gonzalez et al. 2006, p. 822). Table 1 shows the number of papers
that were found in the respective outlets.

Step 2 ” Time frame selection”: Although the term cloud computing was stated to have first
been used in 2006 by Google’s CEO, with the first Google Scholar article appearing in 2008
(Clarke 2010), we chose a time period of 2000 to 2010 to capture the development of the
concept of cloud computing rather than picking up from when the term cloud computing
started to gain prominence.
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Step 3 "Paper selection”: We started with the keywords” cloud computing”, ”software as a
service” and ”SaaS” and performed a snowball approach adding upcoming new keywords.
A majority of the papers were discarded for irrelevance after reading them.

No. of papers | Outlet

0 MISQ, ISR, IJEC, 1&M, ISJ, JACM, ICIS, IT&M, AJIS, JASIS, JTM, SJIS, ECIS,
CONF-IRM, MCIS, UKAIS

1 EJIS, JAIS, IS, AMCIS, MISQ exec, BLED, PACIS
2 JSIS, UIM, ISM

3 JIT, ISF
4

5

CACM
IMIS

6 ICIS
Table 1. Number of papers found in the listed journals and conference proceedings

We used the literature review to (1) develop our definitions and the reference framework
and (2) to identify themes for a research agenda. In the following section we introduce our
reference framework for cloud computing. The research agenda will be introduced and
discussed in the last section.

2.2 Definitions

Before engaging in the analysis of research issues in the literature, we needed to understand
the phenomenon of cloud computing in detail. Table 2 contains the definitions which are
pivotal to our discussion. In the first step we collected all available definitions (academic
and industry) in a table. In the second step we identified the common concepts and distilled
them into a single, coherent definition suitable for the area of ERP systems.

We then supplemented it with a graphical representation of the framework (cf. Figure 1).
The suggested definitions reflect our common understanding and perceptions and are an
important part of our research findings.

The definitions are grouped in three main areas:

1 = general terms and infrastructure
2 = service type (service model)
3 =cloud type (service boundaries)
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Term

Definition

Source

Cloud computing

The operation of infrastructure, platforms and software in a
virtualized environment whose components can be accessed
and used over the Internet. The word “cloud” signals that
services are offered without the need of explicit knowledge about
where these services are physically located.

NIST 2009; Smith 2010;
Johnston Turner and Gens
2009, p. 3; Clarke 2010, p.
573

Cloud service

Any provision of access to computing devices or human
resources including hardware, software, networks or staff which
are based on a cloud computing delivery model.

Smith 2010

Virtualization

The configuration of a physical server that allows installing
multiple instances of virtual servers on a single machine.

Velte 2010, p. 317

Software as a
Service (SaaS)

The provision of an application which is hosted (off premise) by a
provider as a service to customers who access it via the Internet.
In contrast to application service providing (ASP), SaaS is based
on a multi tenant model where many customers are using the
same program code but have their own private data spaces.
SaasS is only suited for software “out of the box” that does not
require much customization or integration with other
applications.

lyer and Henderson 2010;
Velte 2010, p. 11

Platform as a
Service (PaaS)

The provision of resources required to build applications and
services (software development environment) to a customer by
an outsourcing provider. Typical use scenarios are application
design, development, testing and deployment.

Velte 2010, p. 13

Infrastructure as
a Service (also
called hardware
as a service)
(laaS)

The provision of computing resources (CPU cycles, memory,
storage, network equipment) to a customer by an outsourcing
provider. In this service model it is possible to share a server
among multi tenants. The service is typically billed on a utility
computing basis (resource consumption).

Velte et al. p. 15

Private cloud

The provision of a cloud computing environment that is based on
a collection of physical servers that are exclusively run for one
customer. When referred to in an outsourcing scenario, the
customer rents physical servers as a dedicated resource.

lyer and Henderson 2010, p.
119; Velte 2010, p. 317; lyer
and Henderson 2010, p.
119; Mell and Grance 2009,
p.2

Public cloud The provision of a cloud computing environment that is based on | lyer and Henderson 2010, p.
a collection of virtual servers where multiple customers share a 118; Velte 2010, p. 318; lyer
physical hardware. In this outsourcing model the customer rents and Henderson 2010, p.
virtual servers on demand. 119, Mell and Grance 2009,
p.2
Hybrid cloud The provision of a cloud computing environment that comprises lyer and Henderson 2010, p.
two or more clouds (public and/or private). In this outsourcing 120; Smith 2010, p. 25; lyer
model the customer operates (on premise) or rents (off premise) | and Henderson 2010, p.
a base set of physical servers and adds virtual servers on 120, Mell and Grance 2009,
demand. p. 2
Community The provision of a cloud computing environment that is shared lyer and Henderson 2010, p.
cloud by several organizations and which is managed by either a 119; Smith 2010, p. 18; lyer

participating organization or a third party.

and Henderson 2010, p.
119; Mell and Grance 2009,
p.2

Internal cloud

Cloud network that exists entirely within a company’s own IT
infrastructure (on premise)

Barnatt 2010, p. 95

External cloud

Cloud network that is provided to a customer by a cloud service
provider on the provider’s IT infrastructure (off premise)

Barnatt 2010, p. 95

Table 2. Definitions of terms

10
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Service models depending
on the level of exclusivity:
1. Private cloud

2. Publiccloud

3. Community cloud

4. Hybrid cloud

Enterprise Systems

Software as a Service - SaaS

Software development environment

Human

Platform as a Service - PaaS

Human
resource

Human
resource

Virtualization of physical hardware

| Infrastructure as a Service - laaS /

\

Figure 1. Level model for cloud computing

A key concept for cloud computing is server virtualization. Figure 2 shows a physical server
which has been subdivided into three separate virtual servers. The virtualization software
(e.g. VM Ware) provides the necessary resources to the virtual servers. Each virtualized
server perceives the system resources (such as CPU, memory, NIC, and disk) as unique to
them (Velte 2010, p. 265). This topology helps switching virtual machine disks from one
data storage system to another with no downtime and dynamically balancing the storage
workload and addressing performance bottlenecks.

The “public cloud” is often just described as “available to everyone” and run by a third party
(cf. Iyer and Henderson 2010, p. 118 or Velte et al. 2010, p. 318). While this describes the
word “public” it does not really give an explanation on how this “public access” is
technically realized. One option is the use of virtualization technology (cf. Figure 3) to share
servers among many users.

11
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As a logical consequence the user of a “private cloud” would then have the physical server
at their exclusive use (as suggested by Barnatt 2010, p. 95). Even a private cloud could then,
of course, still make use of server virtualization (but exclusively for this company). Such a
virtualized environment could be called private cloud and be operated by a third party
(external cloud) or the user company itself (internal cloud).

/

Application

Application

Application

Operating System

Operating System

Operating System

Resources
(CPU, Memory, Disk)

Resources
(CPU, Memory, Disk)

Resources
(CPU, Memory, Disk)

Virtualization Software (OS und Hypervisor)

Hardware (CPU, Memory, Disk)

-

Figure 2. Server virtualization

/

We find the most controversial explanations for the term “hybrid cloud”. Some see it as the
combination of physical (private) servers as a permanent resource plus the on demand
adding of virtual (public) servers (Barnatt 2010, p. 95). Others claim that hybrids combine
two clouds that remain unique entities but that are bound together for enabling data and
application integration (Mell and Grance 2009; Iyers and Henderson 2010, p. 120). We
follow the first definition because it is the most useful concept from an IT management
perspective due to its aspects of scalability and clear cost structure.

12
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Off premise (external) Off premise (external)
Private cloud (physical hardware) Publiccloud (virtualized hardware)

(21eA11d pue21ignd) pnoj pUgAH

Internal cloud (virtualized hardware) Internal cloud (physical hardware) :

Oooa
Oooo
aoo

Figure 3. Cloud types

3 ERP Systems in the Cloud

ERP systems are the hardware and software systems that support business processes and are
thus, by definition, complex systems that span different parts of the enterprise and often
even beyond company borders.

A large part of the current discussion on cloud computing runs in parallel with advances in
social software services (Facebook and Google). Many cloud offerings are suited for private
use and use in small companies. The cloud service market boasts manifold examples for
office computing.

The current literature is generally vendor-driven meaning that it discusses the possibilities of
cloud computing by looking at current offers and not at the requirements of user companies
(e.g. Barnatt 2010; Linthicum 2010; Ovum 2010; Iyer and Henderson). Most books on
cloud computing show an overview of current offerings and classify them into the three

13
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different levels of IaaS, PaaS, and SaaS. Typical providers to name a few are: Google with
Google Apps (SaaS), EMC Corporation (driving the virtualization market with their
product VMware), Microsoft with Azure Services Platform (PaaS) and Windows Live
(SaaS), IBM with Cloud technology consulting services and LotusLive (SaaS), Amazon
with Amazon SimpleDB (PaaS) and Amazon EC2 (IaaS), Salesforce.com with The Sales
Cloud (SaaS) and Force.com (PaaS). A list of cloud vendors can be found in Velte et al.
(2010, pp. 319-326). Additionally, there are many SaaS providers that target private
consumers and small businesses with office and collaboration software such as Zoho
(databases), Salesforce (CRM), Employease (HR), Clarizen (project management), Netsuite
(business apps), WebEx WebOffice (collaboration tools) (Barnatt 2010). These systems span
the whole company, contain sensitive company-critical data and their data needs to be
integrated to support seamless business processes.

3.1 IaaS for ERP systems

When using TaaS for the operation of an ERP system the user company “rents” the
computing resources from a cloud service provider. In this setting the user company can still
freely choose the ERP vendor of the ERP system and buy the licenses for the software. The
market already indicates that this will be a viable operations model and ERP vendors (or
implementation partners) and cloud service providers are likely to form alliances offering
the user company a combined service. Vertical integration happens when the ERP vendor
offers TaaS themselves and become a cloud service provider.

3.2 PaaS for ERP systems

We argue that the second level of the cloud model is not really suited for the provision of an
ERP system. Platform services provide resources in a pre-defined software environment that
are attractive for software development, testing, or the distribution of software but not for
the actual operation of an ERP system.

3.3 SaaS for ERP systems

In the Software-as-a-Service model the ERP system is provided by the cloud service
provider. The roles of cloud service provider and ERP vendor are merged in this setting
(vertical integration). There are a number of new players coming up with offerings in the last
years (in Europe e.g. e-conomic and Scopevisio). Some “traditional” ERP vendors have
developed new versions that can be deployed in the cloud (e.g. SAP Business ByDesign,

14
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Abacus vi). This allows user companies to choose their preferred operations model (e.g.
running the ERP software in their own internal cloud or in an external private cloud).

Given its natural suitability for private consumers and small companies, it is surprising that
many publications on cloud computing focus on the potential of big companies and do not
discuss small and medium-sized companies (SMEs) (e.g. Linthicum 2009; Iyer and
Henderson 2010; Babcock 2010; Velte and Velte2010). It is easy to see that the provision of
Web 2.0 functionality gains increasing attention in cloud computing. Web 2.0 features are
usually geared at communication and sharing. The data stored in or with such services is
usually not confidential or sensitive to attack.

ERP systems, on the other hand, need customization which may eventually always require
a private cloud (or an ASP-like approach) where one instance of the program is
individualized for a specific company. Multitenancy is difficult if the adaptations are too
extensive. This is easier in the area of CRM and explains the big success of Salesforce.com
with its CRM solution.

ERP systems are different from CRM systems in that they support all core business processes of
a company — not just one area. Their databases store the necessary master data about
customers and products as well as the transactional data about the daily activities. This
means that most of the data represents company assets and is thus critical to company
operation and success. Managers are not likely to move this data and the processing power
into the cloud when it is not guaranteed that confidentiality of the data is assured and that
the system performs at least at the same level as a comparable on-premise solution.

There are the following big players in the ERP systems market (with approximate market
shares): SAP (30%), Oracle Applications (21%), The Sage Group (18%), Microsoft
Dynamics (14%), SSA Global Technologies (7%) (Pang 2008). In addition, there are
hundreds of smaller ERP system vendors targeting mostly the small and midsize market.
The big players have different sales models and channels. Microsoft, for example, uses an
indirect sales channel and has built up an ecosystem of implementation partners for their
Dynamics Suite (Antero and Holst Riis 2012).

The indirect sales channel limits the possibilities for cloud services for ERP system vendors.
They would cannibalize their own distribution partners if they offered cloud services directly
to customers. Their role is limited to making sure that the ERP system meets the technical

15



Cloud Computing for Standard ERP Systems: Reference Framework and Research Agenda, Fachbereich Informatik Nr. 16/2011

requirements for virtualization and multitenancy. It would be the natural role of the
implementation partners (ISVs and VARSs) to offer the actual cloud service to the customer.

However, it is important to note, that there are a number of start-up companies (such as
e-conomic or Scopevisio) who have entered the ERP market with innovative SaaS offerings.
These companies still have to prove the viability of their business model over the next year.
Due to their small service fees, they require a large amount of customers to be able to offer
SaaS in a sustainable operational and financial model. Looking at the market development,
the leading ERP vendors would be well advised to focus their efforts on two things:

1. Making their product technologically ready for the cloud (virtualization, multitenancy)
2. Develop business models for ERP service delivery in the cloud

An important issue that user companies are well aware of is that ERP systems are the core
business applications of the company and need to be integrated with circumjacent systems.
When ERP software is obtained from the cloud the service provider has to make sure that
integration can be achieved through well documented and open interfaces (e.g. Web
services). Iyer and Henderson 2010 (p. 125) point out that this is a current trend in social
software where we find a number of open API specifications (e.g. OpenSocial API
published by Google). In the area of ERP systems, however, it seems unlikely that ERP
vendors will open their systems fully without keeping a firm grip on their interfaces.

Newcomers such as e-conomic, however, understand the new rules and follow the approach
of social software. This SaaS ERP system provider has published API specifications on their
Website. It remains to be seen if the leading ERP system developers will change their policy
in the area of interfaces thus adapting to current trends from the social software movement.

The cloud could, however, even bring advantages to ERP user companies when it comes to
data exchange across company borders (interorganisational systems, B2B integration). Iyer
and Henderson (2010, p. 128) mention the facilitation of the “the extended enterprise”. So
far, integration requires ERP users to rely on the services of a third party that manages
contracts, infrastructure and exchange formats between business partners (EDI gateways,
B2B integration providers). Now, these functions could be provided directly in the form of
cloud services. AbaNet is a good example for an ERP integration service that has already
been providing B2B integration for more than a decade for users of the standard ERP
system ABACUS.
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4 Proposed Research Agenda

From the 17 relevant publications we identified five research propositions. These
propositions are discussed below.

4.1 Factors which drive the adoption of ERP systems in the cloud

There are certain factors which drive the adoption of cloud computing services, among
which are cost, flexibility and scalability (OECD 2010). Koehler et al. (2010a) emphasize the
importance of identifying consumer preferences for cloud services attributes and also
revealing the relative importance of different attributes of cloud services. Other authors
discuss the benefits and risks from the user perspective (Clarke 2010; Koehler et al. 2010b).
Benlian et al. (2009) posited that the adoption of SaaS could be looked at from three
theoretical perspectives: transaction cost theory, resource-based view, and theory of planned
behaviour, all which have been previously applied to study IT outsourcing decisions and
adoption behaviour of firms, with a view to identifying factors which influence adoption. It
seems that there is still a paucity of research into aspects motivating or inhibiting SaaS
adoption and that this calls for a solid research model on the drivers of SaaS adoption,
informed by multiple theoretical lenses and assessed based on scientific rigor and a broad
dataset instead of a few isolated cases (Benlian et al. 2009).

4.2 Physical location of ERP system data

While the physical location of the hardware that enables cloud computing is meant to be
transparent to the user, and a user has no technical need to be aware which server running
on which host is delivering the service, nor where the hosting device is located (Clarke
2010), the physical location of the hardware 1s currently a decisive factor for the decision to
use cloud computing for enterprise systems. Companies prefer service providers within their
own country (i.e. within the same legislative system) (McCabe 2009, p. 2). The ERP SaaS
provider Scopevisio is e.g. putting a lot of effort in building “trustworthy” environments
which are physically placed in the Frankfurt banking cluster (www.scopevisio.de). Amongst
the various concerns expressed by potential adopters and watchers of cloud computing
security, concerns about privacy and data protection are prominent. Furthermore,
organizations can be further restrained by local laws in countries where they operate which
prevent certain kinds of information to be kept off-shore (as in the US Patriot Act and EU
Data Protection Directive, Ovum 2010, p. 65). Problems of jurisdiction might arise where
the cloud crosses jurisdictional boundaries; even where a user somehow gathers sufficient
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information about a privacy breach, they are likely to face difficulties initiating and pursuing
actions in the jurisdictional location(s) in which the breach has occurred (Clarke 2010).
Other risks that are attributed to physical location include how organizations can make sure
quality of service is really achieved when outsourcing IT services to a third party.

4.3 Business model for ERP delivery through the cloud

Every revolutionary paradigm shift brings along new opportunities for doing business and
cloud computing is not an exception. Incumbents, as well as new providers of IT services
are positioning themselves horizontally and/or vertically along the cloud computing layers.
However one of the biggest questions being asked is how to effectively price IT services.
Different pricing models have been studied (Hedwig et al. 2010) among them e.g.
fixed/variable (Koehlar et al. 2010b; Wu and Banker 2010), negotiating (Choudhary 2007,
Ahmed and Paul 2004), SLA-related ones (Buyya et al. 2009) or Pay-as-you-go (Armbrust et
al. 2010). Developing nations are also seeing the opportunity of providing cheaper hosting
services (Kshetri 2010); Iceland’s bid to attract huge data centre operators to setup centres
there, purporting to offer cheap, zero-emissions energy sources is attracting huge interest,
with Opera (developer of web browser software) already moving its data centre there (The
Datacenter 2010). Cloud computing predecessors (IT outsourcing and ASP) have been
studied using several theoretical perspectives borrowed from the field of economics in
describing and explaining the outcomes and to provide guidelines for practice (Beath 1987;
Klepper 1993; Lacity and Hirschheim 1993; Bensaou 1993). We believe there is a need to
look at cloud computing from such inter-disciplinary perspectives as well in order to
establish the viability of this model and provide guidance for practice. Anandasivam and
Weinhardt’s (2010) study looked at the problems faced by cloud services providers of how
providers can price infrastructure in such a way that it may impact resource utilization.
Huang and Wang (2009) investigated the relationship between the SaaS software delivery
model and the productivity of software vendors, comparing scale economies of pure SaaS
firms versus non SaaS and mixed SaaS firms.

4.4 ERP as SaaS will especially benefit small and medium-sized
companies

SaaS is promoted by IT providers to be mainly relevant for SMEs that lack necessary IT
capabilities and resources. Sultan (2010b) argues that cloud computing is likely to prove
commercially viable for many small and medium enterprises (SMEs) due to its flexibility
and pay-as-you-go cost structure, particularly in the current climate of economic difficulties.
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However, first empirical studies have found that large enterprises also see considerable
opportunities applying SaaS in different areas (Benlian et al. 2009). The software level of
cloud computing will benefit small companies because it can lower the barriers to the use of
ERP systems in general. SMEs can have access to full-fledged ERP systems without the
need of running their own IT department or to hire an expensive IT consultant. Analyses
have been undertaken from the perspective of service providers (Armbrust et al. 2010). The
need exists for analyses from the viewpoints of prospective organizational users and
individual users (Clarke 2010).

4.5 Open Challenges for ERP delivery through the cloud

There are certain challenges which still need to be addressed before cloud computing will
become the leading paradigm of IT consumption. IDC names security, performance,
availability, integration with in-house IT and the difficulty of customization as some
examples (IDC 2010).

Another great obstacle to the widespread adoption of cloud computing and SaaS is
interoperability amongst the different cloud providers and lack of an industry platform. In
theory, one way cloud computing is said to differ from traditional IT services delivery is the
absence of long-term commitments on the consumer side, enabling them to switch between
providers at will and at little or no cost. In practice however, users might find themselves
reluctantly tied-in and exposed to high switching costs by a provider who uses a proprietary
format to store their data. For cloud computing to rise to the level of an industry platform,
firms will have to open their technology to other industry players, including complementors
and potential competitors, rather than simply using the Web as an alternative delivery and
pricing mechanism for what used to be packages software products (Cusumano 2010).

5 Conclusions and Outlook

In our paper we developed a reference framework for cloud computing providing terms and
definitions for IS research. We discussed the importance of the phenomenon for ERP
systems and suggested research imperatives for future research. A limitation of the paper is
that it could only build on the scarce body of academic literature that has been forming since
the emergence of the term in 2006 (Clarke 2010). In order to address this limitation and to
base our study on a broader basis, we included books and industry studies in our analysis. It
will be interesting to see if cloud computing will really lead to the adoption of a zero IT
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strategy in companies and what the influencing factors will be. However, while the market
for cloud computing is further evolving, firms are well-advised to start thinking about
formulating their cloud-based strategy for unique competitive benefits and researchers are
encouraged to assist in the identification of the necessary capabilities. Iyer and Henderson
(2010) outlined seven capabilities of cloud computing firms can use to develop their cloud
strategies based on their study of the cloud industry ecosystem. What may be even more
interesting is the customer view on capabilities or factors that influence their possibility to
use a cloud service offering.
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