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Abstract: 
Cloud computing has been a big IT trend as it offers a solution to the challenges companies 
face for a long time—rising IT costs, the constant need for capital investments, and increas-
ing energy consumption. Businesses, educational institutions, governments, and individuals 
are looking at cloud offerings to be able to manage information instead of infrastructure. In 
this review we look at the phenomenon of cloud computing from the business prospective; 
we discuss how cloud computing affects industries and enables new business models, what 
legal issues are yet to be resolved for cloud computing to reach its full potential and how 
to address possible barriers. Moreover, we present the state-of-the-art in the area of cloud 
integration in business, and discuss some cutting-edge issues such as energy consumption 
and carbon emission in energy-efficient load balancing clouds. We conclude with discus-
sion of possible paths the cloud computing will take in years to come. 
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INTRODUCTION

Cloud computing is a technology where computing is 
delivered as a service over the Internet, meaning that data 
and applications do not need to be located on the user’s 
machine or even on the company’s local servers. Instead, 
data and applications are located on a cloud computing 
vendor’s servers and delivered to the enterprise as re-
quired. Also, any sta�  member is able to access organiza-
tion’s data and applications from any Internet-connected 
computer. � ere are numerous bene� ts of this computing 
model that include cost e�  ciency, energy e�  ciency [15], 
smaller initial investment, reduced IT resources (hard-
ware, so� ware, human labor), pay-per-use, and focus on 
business.

Cloud computing has recently received considerable 
attention in industrial community, driven by idea that 
users in industry can access cloud computing resources 
anytime, anywhere, on-demand. It remains a big IT trend, 
keeping the professional interest high since its beginnings. 
As a leading part of the information and communication 
technology, it now has the opportunity to make further 
signi� cant productivity improvements, helping us trans-
form the world to a more sustainable and more resource-
e�  cient future. Development of cloud technology also 

calls for regulatory frameworks covering issues such as 
ownership of personal data, open standards, intellectual 
property rights, and competitiveness in the market.

For many companies, the cloud computing technology 
is taking on a new role – as a driver of revenue and enabler 
of new business models. Inevitably, mobile devices, so-
cial networking, cloud computing, and other progressive 
technologies are profoundly transforming the relation-
ships between businesses and their customers. Industrial 
society of the past two centuries is shaping into an infor-
mation society.

� e paper is organized as follows. Section II summa-
rizes possible models of implementations of cloud services 
in business. Section III describes state-of-the-art in the 
area of cloud integration in business. Section IV is devot-
ed to energy-e�  ciency of cloud systems. � e � nal section 
gives some conclusions.

CLOUD BUSINESS MODELS 

Nowadays, cloud computing mainly provides three 
types of services to clients: So� ware as a Service (SaaS), 
Platform as a Service (PaaS), and Infrastructure as a Ser-
vice (IaaS). At the moment, SaaS is the most popular 
model [1].
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So� ware as a Service (SaaS) refers to on-demand use of 
the so� ware over the Internet. Applications are provided 
as a service from the cloud, with end-user licenses pro-
cured or “released” in line with changing demand. Busi-
nesses are moving steadily towards this model, shi� ing 
from licensing so� ware to subscribing to services, typical-
ly on per-user, per-month basis. Typically, so� ware that 
performs a simple task without much need to interact with 
other systems makes them ideal candidates for SaaS mod-
el. Customers who are not inclined to perform so� ware 
development, but have need of high-powered applications 
can also bene� t from SaaS. Some of typical business ap-
plications suitable for SaaS model are: customer resource 
management, video conferencing, IT service manage-
ment, accounting, Web analytics, Web content manage-
ment. SaaS so� ware is natively Web based and aimed at 
using web tools, like the browser. It was also built with 
a multitenant back end in mind, which enables multiple 
customers to use single application. SaaS is not the most 
appropriate approach in applications where extremely 
fast processing of real time data is required, applications 
where legislation or other regulation does not permit data 
being hosted externally and applications where an existing 
on-premise solution ful� lls all of the organization’s needs.

Platform as a Service (PaaS) refers to the tools and en-
vironments to build and manage cloud applications and 
services. PaaS includes platform so� ware services (such as 
web, application, database servers, enterprise service buses 
and other middleware, with associated security mecha-
nisms) on which web service-based applications can be 
built. In PaaS model, the cloud serves as a platform for 
the creation of so� ware, delivered over the web. PaaS 
supplies all the resources required to build applications 
and services completely from the Internet, without hav-
ing to download or install so� ware. PaaS services include 
application design, development, testing, deployment, 
and hosting. PaaS is especially useful in situations where 
multiple developers are working on a development pro-
ject or where other external parties need to interact with 
the development process. Also, it has proven invaluable 
when companies with existing data sources, for example 
sales information from a customer relationship manage-
ment tool, want to create applications which leverage that 
data. Finally, PaaS is useful for automating testing and 
deployment services. PaaS may not be ideal in applica-
tion that must be highly portable in terms of hosting, in 
cases where proprietary languages or approaches would 
impact the development process, when proprietary lan-
guage would hinder later moves to another provider.

Infrastructure as a Service (IaaS) refers to the stor-
age and computing resources as a service, implemented 
as virtual machine services accessed over the network. 
It is sometimes also referred to as hardware as a service 
(HaaS). IaaS cloud model allows renting resources such as 
server space, network equipment, memory, CPU cycles, 
and storage space. Conceptually, this model provides a 
standardized virtual server. � e consumer takes respon-
sibility for con� guration and operations of the guest op-
erating system, so� ware, and database. IaaS makes sense 
in the following situations: where demand is very vola-

tile, for new organizations without the capital to invest 
in hardware, where the organization is growing rapidly 
and scaling hardware would be problematic, where there 
is pressure on the organization to limit capital expendi-
ture and to move to operating expenditure, for speci� c 
line of business, trial or temporary infrastructural needs. 
Examples of situations where caution with regards IaaS is 
advised include: when regulatory compliance makes the 
o� shoring or outsourcing of data storage and processing 
di�  cult, when the highest levels of performance are re-
quired, and on premise or dedicated hosted infrastructure 
has the capacity to meet the business needs.

Cloud computing represents a set of approaches that 
enable organizations to engage quickly and e� ectively, 
and free up resources in real-time. While cloud comput-
ing makes sense for some areas of company business, it 
usually cannot be applied across all of company IT in-
frastructure. Managers and IT executives need to take a 
closer look at their speci� c business needs, coupled with 
their existing IT infrastructure and make an assessment 
about what makes sense for the company. For each appli-
cation or business service, it is always necessary to create 
a business case that evaluates and justi� es migration to the 
cloud, and then to review it throughout the lifetime of the 
service. Taking into account existing cloud services, some 
new business models are proposed such as Cloud Busi-
ness Model Framework (CBMF) and Cloud Cube Model 
(CCM). 

Weihardt et al. proposed a holistic business model 
framework [2]. CBMF is mainly categorized in three lay-
ers, analogously to the technical layers in Cloud services, 
such as the IaaS, PaaS and SaaS application layer on top. 
In CBMF model, the infra structure layer comprehends 
business lifecycle from development to productive pro-
visioning, while the applica tion layer is what most people 
get to know from cloud computing as it represents the 
actual interface for the customer.

CCM proposed by � e Jericho Forum (JF) is used 
to enable secure collaboration in the appropriate cloud 
formations best suited to the business needs [3]. � e JF 
points out that many cloud service providers claim them-
selves to be able to deliver solutions, so cloud custom-
ers need selecting the right formation within CCM suit-
ing their needs. Within CCM, four distinct dimensions 
are identi� ed. � ey are: External and Internal (Internal 
means private clouds, and External means public clouds), 
Proprietary and Open (Proprietary means paid services 
or contractors, and Open stands for open source services 
or solutions), Perimeterized and De-Perimeterized (Pe-
rimeterized means IaaS or Paas, while De-Perimeterized 
means SaaS) and Insourced and Outsourced (Insourced 
means in-house development of clouds, and Outsourced 
refers to letting contractors or service providers handle 
all requests; most of cloud business models fall into this 
category).

CLOUD INTEGRATION IN BUSINESS

Businesses, educational institutions, governments, 
community organizations, and individuals are looking at 
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cloud o� erings to be able to focus on managing informa-
tion instead of infrastructure. � ere are various guides, 
reports and success examples about cloud adoption and 
integration in the business world [4], [5], [6]. Every type 
of business can bene� t from cloud technology; however, 
the usage di� ers depending on respective business mod-
els. In the following, we present insights on some typical 
cases in which cloud hosting platform has been adopted.

Healthcare is in a period of accelerating change that 
requires continual innovation. Healthcare economics, 
emerging care and business models aligned with personal 
values and well-being are signaling a major shi�  in how 
healthcare organizations will compete and operate in the 
years ahead [6]. � e most important advantages of cloud 
computing in healthcare include reduced costs, location 
independence, and better information management. 
Cloud-based billing and consumer-oriented management 
applications provide a better access to healthcare and data, 
especially in the remote areas. Also, the use of electronic 
health records and exchanging information across provid-
ers are notable bene� ts. Many countries are establishing 
cloud health information exchanges, where information 
can be easily shared between hospitals, health systems, 
physicians, and clinics. Although data privacy, security 
and safety policies are still obstacles for embracing cloud 
computing, the cloud healthcare has a potential to make 
healthcare records of people globally available for easy ac-
cess and sharing. According to a report [7], globally 32% 
of the healthcare facilities are already using cloud appli-
cations and close to 75% of the organizations – which are 
not using any cloud applications – are considering adopt-
ing it in the next three to � ve years.

Cloud applications will enable the educational system 
to leverage the e�  ciency across the nations and to create 
a setup where students will be able to attend the classes ir-
respective of the geographical location. Many universities 
have already started to o� er virtual tuitions to students 
located at distant places. As the number of cloud applica-
tions widens, an improved collaboration will be possible 
that will further enhance knowledge sharing, and people 
will be able to access the latest technologies at an a� orda-
ble price. Using the power of cloud computing, Cisco Net-
working Academy now connects a community of 20,000 
ICT educators dedicated to preparing students to become 
skilled professionals [8]. A large e� ect of cloud comput-
ing can be seen in science. As pointed out in [9], in any 
engineering lab today, instead of clumsy equipment spe-
ci� c to the lab’s specialty, one is more likely to � nd racks 
of computers since the complexity of today’s scienti� c 
and engineering problems is far beyond the capabilities 
of traditional tools. Research is based on modeling and 
simulation that require massive amounts of computing 
power, and cloud computing provides ready access to it 
on a highly e�  cient pay-as-you-go basis. Cloud comput-
ing is advancing scienti� c progress in another way. While 
previously only the largest companies could a� ord their 
own massive computer clusters, immense processing 
performance is now within reach for any small research 
team or a group of individuals. In a sense, cloud comput-
ing democratizes computing power, giving researchers 

novel opportunities to “big science”. Typical advantages 
of cloud computing such as scalability and the possibility 
to create easy-to-use platforms are useful also for educa-
tional settings. Innovative teaching tools and reference 
materials allow educators to make the subject matter more 
interesting to the “visual generation” of their students.

Governments around the world are seeking to digi-
tize their economies to connect all members of society 
through access to – and sharing of – digital content via 
the Internet from anyplace at anytime to work, play, con-
sume and learn. Government at all levels is looking for 
ways to improve services and justify budgets. One of the 
prominent aspects generally associated with government 
bureaucracy is large paper trails. Currently there is a trend 
where government establishments are making a fast move 
towards utilizing the cloud technology for safeguarding 
their networks and enabling faster transactions. Using 
the cloud technology, governments can streamline all the 
operations and signi� cantly decrease the infamous huge 
amount of paper trails. � is will not only save the money 
and trees, but will also contribute to the reduction of en-
ergy consumption and enable better transparency and 
collaboration. Upgrading to the cloud technology will 
help the government bodies with providing better ser-
vices to the people and with better handling of the safety 
and privacy regulations. Despite the steadfast progress in 
cloud adoption, cloud security remains a hot topic. Some 
surveys show that up to 70% of government employees 
have concerns about the cloud security and compliance 
[10]. Cloud solutions must o� er customers a peace of 
mind that citizens’ data is safe in the cloud. Perceived se-
curity vulnerability is still the number one concern with 
the cloud and a major impediment to wider and faster 
cloud adoption in governments.

Many large hotels have moved to cloud computing 
to get closer to customers. From reservation systems to 
menus, everything is available across the continents with-
out any extra cost in infrastructure and individual training 
resources at every location. With cloud hosting services 
people will be able to simplify tasks like booking a room, 
apartment, restaurants and motels. With further improvi-
sation in cloud technology, people will also be able to re-
cord these transactions directly to the company’s payment 
systems. Everything would be served through the hand-
held devices in constant sync with the cloud platforms.

With the appearance of Apple and Android technolo-
gies, people have started listening to music through the 
3G networks as well. In the current scenario people can 
easily utilize any music service, select the songs they want 
and listen to them from anywhere in the world; all this is 
possible as a result of cloud computing services. � us, the 
cloud technology is bene� cial for both listeners (as they 
can listen to their favorite songs anywhere at any time) 
and for the musicians as well (as their compositions reach 
out to people through a fast and e�  cient medium). � e 
cloud computing bene� ts are especially timely for the 
broadcast media industry as it embraces the concept of 
‘TV Everywhere’ at the same time as it moves to IP net-
works for transmission. � ese two trends � t well together 
as broadcasting migrates from dedicated (and largely 
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proprietary) infrastructures to IT-based platforms better 
suited to delivering video to a vast array of devices, rather 
than just conventional TV sets. � is, though, brings chal-
lenges: the devices come in all shapes and forms, which in-
creases the complexity of delivering a format at su�  cient 
quality and without consuming an unnecessary amount 
of bandwidth [11]. Various categories of providers are 
interested in the cloud as a vehicle for reaching as many 
people as possible, but there are some con� icts of interest. 
Content owners holding the rights to broadcasts are anx-
ious to avoid the cloud breaking existing agreements. Tra-
ditionally, rights to premium content such as movies and 
sport have been broken down into geographical silos o� en 
de� ned by country or even regions, as has happened in the 
US. � is can inhibit cloud distribution of video content 
but it is also an opportunity – the cloud itself can become 
the ‘place’ where digital rights are negotiated and applied.

Accounting � rms deal with data day in and day out. 
� e volume of numbers that go through an accounting 
o�  ce each day is unimaginable. Taking business to the 
cloud allows accountants to work from anywhere, at any 
time. It is a way to reduce costs, improve e�  ciency and 
make data more accessible. Most customers prefer com-
municating with their accountant via the Internet, and in 
many ways, the new cloud-based dashboards, reporting 
applications and uni� ed communications systems that are 
now available only make this easier. By enabling better 
collaboration and communication among geographically 
diverse sta�  and clients, accounting � rms’ processes and 
work� ows are vastly improved and the work gets done 
much faster – o� en with greatly reduced travel costs [12].

Manufacturing industry may also be a great bene� ciary 
of the cloud computing. For example, the manufacturers 
can implement large internet virtual server farms for fa-
cilitating better management of the business and manu-
facturing setup. Moreover, with the use of SaaS, Paas and 
IaaS, the manufacturers can establish a virtual presence 
from any location around the world. Using cloud com-
puting, they can also connect plants to an IT infrastruc-
ture and more easily � nd new business opportunities.

Tourism is another industry that is increasingly af-
fected by cloud computing. � e “consumerization” of 
computing technology is changing the way travelers in-
teract, obtain information and purchase travel needs. 
� ey are becoming increasingly informed, empowered 
and demanding. � ey are asking for di� erentiated expe-
riences, and, indeed, if companies in this business do not 
take this to heart, they stand to lose share-of-wallet. As 
a result, new nimble business approaches are needed to 
sustain market share. Travelers need to be able to share 
their experiences with their social networks, make new 
arrangements in real time and add new services to their 
itineraries [13]. To support new business approaches and 
seamless travel experiences, a modern, � exible and scal-
able approach to applications and infrastructure must be 
adopted. � e current distribution networks are not agile 
enough to address demands from technology empowered 
travelers. In addition, changing business processes and the 
empowered traveler have driven transaction volumes and 
system loads to new levels never envisioned by the distri-

bution companies. Cloud computing o� ers new and � ex-
ible ways to provision resources, as well as to build and 
deploy new updated and modernized applications.

� e cloud computing service model is a sound business 
model from both provider’s and customer’s perspectives. 
Providers invest in the necessary infrastructure and man-
agement, and in return receive a regular income stream 
from the investment by means of service subscriptions. 
Since at any given time substantial numbers of customers 
are inactive, the provider reaps the bene� ts of the econo-
mies of scale and can charge lower subscription fees. � e 
customers in turn see convenience bene� ts from having 
data and services available from any location, from having 
data backups centrally managed, from the availability of 
increased capacity when needed, and from usage-based 
charging.

Commoditization usually takes some time to develop 
in industries, but in some aspects of cloud it is happening 
rather quickly. Recent IDC research shows that worldwide 
revenue from public IT cloud services exceeded $21.5 bil-
lion in 2010 and will reach $72.9 billion in 2015, repre-
senting a compound annual growth rate of nearly 30% 
[14]. � is rapid growth rate is over four times the project-
ed growth for the worldwide IT market as a whole (6.7%). 
By 2015, one of every seven dollars spent on packaged 
so� ware, server, and storage o� erings will be through the 
public cloud model.

CLOUD AND ENERGY EFFICIENCY

� ere is no consensus on whether cloud computing 
is a more energy-e�  cient choice in general compared to 
running in-house IT operations [15]. Some sources claim 
that among other bene� ts, cloud computing delivers mul-
tiple e�  ciencies and economies of scale, which contribute 
to the reduction of energy consumption per unit of work.

Others however have found that cloud computing is 
not always the most energy e�  cient computing option, 
and under some circumstances can be even more energy 
intensive than traditional in-o�  ce computing. For exam-
ple, one scenario when cloud computing may consume 
more energy than conventional computing is when com-
panies use cloud computing for storing data and when 
the number of downloaded and accessed � les becomes 
larger.

Techniques like load balancing are current areas of 
analysis in order to achieve more “green” computation. 
Namely, load balancing is a technique of distributing the 
dynamic workload across multiple nodes to ensure that 
no single node is overloaded. In essence, load balancing 
techniques help in optimal utilization of resources and 
thus minimize the resource consumption, which further 
reduces energy consumption. Load balancing is done so 
that every virtual machine in the cloud system does the 
same amount of work, therefore increasing the through-
put and minimizing the response time.

In any case, energy consumption of the cloud com-
puters should be controlled in order to optimize the en-
ergy consumption for a speci� c computing e� ort. � is 
requires a good architectural design that could be tailored 
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using e�  cient algorithms to address not only power con-
sumption but also network performance and cost. More 
research e� orts are required to design energy aware rout-
ing algorithms capable of consolidation of workload on 
group of servers. Also, new algorithms empowering the 
energy-aware middleware should be driven by smart heu-
ristics that always take into account the trade-o�  between 
performance and energy savings.

CONCLUSION

Cloud computing has reached maturity and many 
businesses are investing in it. � e business bene� ts of 
cloud computing are extensive and are not limited to the 
IT department, but a� ect the entire enterprise.

Cloud computing cannot be su�  ciently understood as 
a standalone phenomenon in the IT market, but rather 
as a core ingredient of a larger transformation of the IT 
industry - and many other industries using IT to trans-
form themselves. Other ingredients enabled by the cloud 
– and, in turn, accelerating the cloud adoption – include 
the expanding “species” of mobile devices, the explosion 
of mobile apps, the growing availability of wireless broad-
band, and the explosion of big data tools. Cloud comput-
ing now has the opportunity to help transform the world 
to a more sustainable, lower carbon and more resource-
e�  cient future. 

In this paper we have reviewed how notable bene� ts 
of the cloud computing model (reduced costs, economies 
of scale, � exibility, and highly reliable services) can help 
di� erent businesses. � is certainly implies that further 
development of cloud computing will promote economic 
growth, increase productivity, and shi�  the type of jobs 
and skills required by businesses.
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