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Abstract Cloud computing is a model for enabling conve-
nient, on-demand network access to a shared pool of config-
urable computing resources. To ensure large-scale adoption
of cloud computing by businesses, several challenges in-
cluding security, privacy, trust, performance and other qual-
ity attributes need to be addressed. Also, as with other utility
services, adequate selection of service models and pricing
schemes by service providers plays a pivotal role in market
expansion. This paper investigates optimal pricing schemes
for cloud services. In particular, this paper analyzes two
pricing schemes: subscription and pay-per-use pricing mod-
els from a provider’s standpoint. Using a theoretical analysis
of a simple economic model this paper analyzes the opti-
mal choices of providers and discusses implications on con-
sumer surplus and social welfare.

Keywords Cloud computing · Service models · Pricing
scheme · Subscription pricing · Pay-per-use pricing

1 Introduction

Cloud computing is a significant step towards realizing the
mission of utility computing, where computing services are
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commoditized and delivered in a manner similar to tra-
ditional utilities such as water, electricity, gas, and tele-
phony [1]. It can be defined as a model for enabling conve-
nient, on-demand network access to a shared pool of config-
urable computing resources (for example, networks, servers,
storage, applications, and services) that can be rapidly pro-
visioned and released with minimal management effort or
service provider interaction [2]. The characteristics of cloud
computing include on-demand access, elasticity, resource
pooling, abstracted infrastructure, and no commitment [3].

The expected advantages that cloud computing can pro-
vide to users are numerous. First, the economies of scale of
delivering computing from a centralized, shared infrastruc-
ture have set the expectation among customers that cloud
computing costs will be significantly lower than those in-
curred from providing their own computing [3, 4]. An anal-
ysis based on a simulation reveals that over a 13-year life
cycle, the total cost of implementing and sustaining a cloud
environment may be as much as two-thirds lower than main-
taining a traditional, non-virtualized IT data center [5]. Sec-
ondly, cloud computing allows users to focus on their main
businesses by relieving them of the task of managing data
centers [6, 7]. Businesses may start their operations imme-
diately without the need to invest in software and hardware
upfront. Thirdly, cloud computing has made it possible to
analyze very large data sets in scalable and cost-effective
ways [8].

However, to ensure large-scale adoption of cloud com-
puting by businesses, several challenges including security,
privacy, trust, performance and other quality attributes need
to be addressed. Also, as with other utility services, ade-
quate selection of service models and pricing schemes from
a provider’s standpoint play a pivotal role in market ex-
pansion [9, 10]. While different criteria such as availabil-
ity, capability and reliability also influence the selection
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of services and providers, cost is the most important fac-
tor [9, 11, 12].

Although recently much research has been undertaken
regarding cloud computing, most of the research focuses
on the technical aspect. Literature on the managerial aspect
of cloud computing is far from sufficient. The implemen-
tation of adequate service models and pricing schemes for
cloud services are critical challenges because user demand,
provider’s profit, and social welfare vary with the service
models and pricing schemes [9, 10]. In addition, the cost
structure of cloud services is another critical issue because
some critics have claimed that revenue from cloud services
is not able to support the costs of providing the services [3].
The costs of providers, as well as those of users, are impor-
tant for diffusion of cloud computing. The costs of providing
cloud computing services is a topic that seems to have even
less coverage than pricing.

This paper investigates optimal pricing schemes for cloud
services from the perspective of cost structure. The paper
analyzes two pricing schemes: subscription and pay-per-use
pricing models, from a provider’s standpoint. The study dif-
ferentiates itself from previous ones in several ways. First, it
uses a theoretical analysis of a simple economic model un-
like earlier studies that analyzed the pricing issues of cloud
providers using simulation [9, 12]. Economic analysis can
better teach us the rationale of providers’ choices. Secondly,
Song’s [18] model was extended to explicitly consider the
cost structure of service providers. Thirdly, the study com-
pares pricing schemes from a social point of view. Analysis
was undertaken on the optimal choices of providers and the
implications on consumer surplus and social welfare are dis-
cussed.

This paper is organized as follows: Sect. 2 discusses ser-
vice models and price schemes in cloud computing; Sect. 3
investigates two pricing schemes for cloud services using
a theoretical analysis and discusses implications; Sect. 4
presents conclusions and potential future work.

2 Service models and pricing schemes in Cloud
computing

2.1 Cloud service models

Cloud computing consists of three layers analogous to the
technical layers in most cloud realizations: infrastructure,
platform, and application. The corresponding service mod-
els are infrastructure as a service (IaaS), platform as a ser-
vice (PaaS), and software as a service (SaaS) [2, 3, 13].

In IaaS, the capability provided to users is to provision
processing, storage, networks, and other fundamental com-
puting resources, where the consumer is able to deploy and
run arbitrary software including operating systems and ap-
plications. The infrastructure layer focuses on enabling tech-
nologies. Amazon, for example, offers services based on its

infrastructure as a computing service (EC2) and a storage
service (S3).

In PaaS, the capability provided to users is to deploy ap-
plications acquired or created using programming languages
and tools supported by the provider. The platform layer rep-
resents solutions on top of a cloud infrastructure that provide
value-added services from both a technical and a business
perspective [14]. Platform as a service does provide users a
convenient environment for developing applications [7]. Ex-
amples would be application stacks such as Google’s App
Engine and business platforms such as SalesForce.com.

In SaaS, the capability provided to users is to use the
provider’s applications running on a cloud infrastructure.
The applications are accessible from various client devices
through a thin client interface such as a web browser. Net-
Suite, SalesForce.com, and SAP are some examples.

2.2 Cloud pricing schemes

As more providers are starting to offer cloud services, how
to determine the right price for users is now becoming in-
creasingly critical for cloud providers. This is because pric-
ing is able to regulate the supply and demand of computing
services and thus affects both providers (who supply the ser-
vices) and users (who demand the services) respectively [9].

There are many different potential pricing policies avail-
able to cloud content providers. These pricing strategies can
be categorized as fixed and dynamic prices. Fixed pricing
includes subscription pricing and pay-per-use pricing [15].
With subscription pricing, users pay on a recurring basis to
access software as an online service [9]. The customer sub-
scribes to use a preselected combination of service units for
a fixed price and a longer time frame, usually monthly or
yearly [14]. With pay-per-use pricing, users only have to pay
for what they use. While pay-per-use pricing could achieve
social efficiency, it is not easily acceptable for users who
want to control their budgets [10].

With dynamic pricing, a target service price is established
as a result of dynamic supply and demand, for example by
means of auctions. Amazon Web Services has introduced
‘Amazon Spot Instances’ to allow customers to bid for their
unused capacity. Amazon runs the customer’s instances as
long as the bid price is higher than the spot price, which is
set by Amazon based on their data center utilization [15].
While dynamic pricing policies could achieve more eco-
nomically efficient allocations and prices for high-value ser-
vices [9, 14, 16], fixed prices are simpler to understand and
more straightforward for users, as compared to dynamic
ones. In reality, fixed prices, including subscription pricing
and pay-per-use pricing, are typical.

An example of IaaS is Amazon S3, which is an online
storage web service offered by Amazon Web Services. The
pricing structure of several Amazon S3 services is shown

http://SalesForce.com


Cluster Comput (2014) 17:529–535 531

Table 1 Amazon S3 pricing

Source: Amazon website

Standard storage Reduced redundancy storage

First 1 TB/month $0.095/GB $0.076/GB

Next 49 TB/month $0.080/GB $0.064/GB

Next 450 TB/month $0.070/GB $0.056/GB

Next 500 TB/month $0.065/GB $0.052/GB

Next 4000 TB/month $0.060/GB $0.048/GB

Over 5000 TB/month $0.055/GB $0.037/GB

Table 2 Google AppEngine
pricing

Source: Google developers’
website

Resource Unit Unit cost

Outgoing Bandwidth Gigabytes $0.12

Frontend Instances Instance hours $0.08/$0.16/$0.32/$0.48

Discounted Instances Instance hours $0.05

Backend Instances Hourly per instance $0.08/$0.16/$0.32/$0.48/$0.64

Stored Data Gigabytes per month $0.18/$0.24

Channel Channel opened $0.0001

Table 3 Sales Cloud of
Salesforce.com pricing

Source: Salesforce.com website

Product Description Price (per user per month)

Contact Manager Contact management for up to 5 users $5

Group Basic sales & marketing for up to 5 users $25

Professional Complete CRM for any size team $65

Enterprise Customize CRM for entire business $125

Unlimited Premier + Success Plan optimizes CRM $250

in Table 1. Basically, it uses pay-per-use pricing and offers
volume discounts.

An example of PaaS is Google AppEngine, which is
a platform for developing and hosting web applications
in Google-managed data centers. The pricing structure of
Google AppEngine is shown in Table 2. As in Amazon S3,
it uses pay-per-use pricing. To develop and host web appli-
cations, users typically purchase several resources.

An example of SaaS is Sales Cloud by Salesforce.com,
which is CRM. For example, it provides sales represen-
tatives with a complete customer profile and account his-
tory, allows the user to manage marketing campaign spend-
ing and performance, tracks all opportunity-related data in-
cluding milestones, decision makers, customer communica-
tions, and any other information unique to the company’s
sales process. The pricing structure of Sales Cloud by Sales-
force.com is shown in Table 3. It charges a subscription rate,
which is determined per user, per month. It does not depend
on the amount of usage.

2.3 Cost structure of providers

The costs of providing cloud computing services are a less
frequently covered topic than pricing. One widely used

method to outline the cost structure of an IT service is
found in The Information Technology Infrastructure Library
(ITIL), version 2 Service Delivery book [15]. The ITIL’s
framework suggests six different cost types for formulating
an IT cost model. In the ITIL, cost type is the highest level
of category to which costs are assigned in budgeting and ac-
counting. Within each high level input cost type there will
be a number of defined cost elements. As shown in Table 4,
cloud computing includes both fixed cost elements and vari-
able cost elements.

Li et al. [17] argue that elastic resource utilization and
virtualization in cloud computing paradigms challenge ex-
isting cost analysis methods and therefore they have devel-
oped a new cost analysis method. They argue that two cost
elements are required because only part of the resource pool,
or the cloud, is used at a time according to users’ dynamic
demands. The first element is cloud total cost of ownership
(TCO) and it represents the foundational costs such as the
investment to cloud infrastructure, which does not change
much with the utilization of cloud by users. In other words,
cloud TCO is the cost to build and operate the cloud. The
second element is cloud utilization cost that refers to the dy-
namic cost incurred by the users. Cloud utilization cost is

http://Salesforce.com
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Table 4 Cost types and cost
elements according to ITIL Cost type Cost elements (examples)

Hardware Central processing units, LANs, disk storage, peripherals, wide area network, PCs,
portables, local servers

Software Operating systems, scheduling tools, applications, databases, personal productivity
tools, monitoring tools, analysis packages

People Payroll costs, benefit cars, re-location costs, expenses, overtime, consultancy

Accommodation Offices, storage, secure areas, utilities

External service Security services, disaster recovery services, outsourcing services, HR overhead

Transfer Internal charges from other cost centers within the organization

the cost of the used part of cloud resources directly asso-
ciated with the real resources locked up or committed to a
particular user or application.

Different service models entail different cost structures.
While cloud total costs of ownership are common for all ser-
vice models, cloud utilization costs, or marginal costs, are
high for IaaS and PaaS. For example, additional usage of
storage requires the purchase of additional disk drive. How-
ever, the marginal cost of adding users to a centralized soft-
ware application can be nearly zero when deployed in a dy-
namically scalable infrastructure, such as the one cloud pro-
vides. This study proposes that different cost structures tend
to be associated with different price schemes.

3 Theoretical analysis of two pricing schemes

To analyze the social welfare effects of pricing schemes of
cloud computing, an economic model was set up, which
includes the cost structure of cloud providers. Song’s [18]
model has limitations in that his subscription model over-
valued users’ utility. For simplicity, this report assumes that
there is a monopoly provider of cloud computing services.
The cost of providing the services includes both fixed cost
elements and variable cost elements and is shown as cQ+f ,
where c and f are the marginal cost and fixed cost of pro-
viding cloud computing services respectively.

The report’s main focus is public cloud services such as
IaaS (for example, Amazon S3), PaaS (for example, Google
AppEngine), and SaaS (for example, Salesforce.com). For
public cloud services, the users are more likely to be busi-
ness users rather than individual consumers. However, indi-
vidual consumers do not have to be excluded. The report as-
sumes that consumers’ reservation prices are uniformly dis-
tributed along [0,V ] with unit height, i.e., v ∈ [0,V ]. Thus,
V can also represent the potential market share of the prod-
uct. Consequently, given the provider’s unit price (p), a con-
sumer of type v ∈ [0,V ] will obtain the following surplus in
consuming one unit of the product:

U(v) = v − p

An individual consumer’s demand function is downward
sloping and is expressed as qi = vi −p, where vi is the max-
imum willingness to pay for the services. Thus, a consumer
vi purchases the service when vi ≥ p. It was assumed that
maximum cloud services are limited to sV , where a con-
sumer can buy s units of the service under a subscription
pricing scheme and s consumer can buy one unit of the ser-
vice under a pay-per-use pricing scheme.

3.1 Subscription pricing

Under subscription pricing, a consumer vi uses s units of
services and obtains the total benefit of

√
svi since it was as-

sumed a law of diminishing marginal utility. If the provider
offers the subscription price P per consumer, the consumer,
vi purchases s units of the service when

√
svi ≥ P or vi ≥

P/
√

s. Thus, the number of consumer (or business users) is
V −P/

√
s. In addition, the actual quantity of service used is

s(V −P/
√

s) when each vi buys s units of the service.1 Un-
der the subscription pricing strategy, the provider has trans-
actions of quantity of demand, (V −P/

√
s). Although actual

usage is s(V − P/
√

s), the provider incurs providing costs
according to a transaction based concept and lower provid-
ing costs than pay-per-use pricing. Thus, the profit function
of the provider is given as follows.

ΠS = (P − c) · Q − f

= (P − c) · [V − P/
√

s] − f.

From the first order condition (dΠs/dP = 0), we obtain the
optimal subscription price

P ∗ = (V
√

s + c)/2.

Also the profit is derived as given by

Π∗
S = (

c2 − 2
√

sV c − 4f
√

s + V 2s
)
/4

√
s.

1A consumer with higher vi may use more units of service, thus s can
be a function of vi . However, it is simply assumed that each consumer
uses s units of the service.
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Table 5 Welfare analysis of
Heavy User V Firm Subscription

pricing (S)
Pay per use
pricing (P)

Difference (S − P)

Total utility V
√

s V s ≤0

Total payment (V
√

s + c)/2 s(V + c)/2

Net utility (total utility-total payment) (V
√

s − c)/2 s(V − c)/2 ≥0 if c ≥
√

s√
s+1

V

3.2 Pay-per-use pricing

With pay-per-use pricing, if the provider offers the price p

per each unit of service, a consumer vi purchases s units of
the service when vi ≥ p. Thus, the number of consumers (or
the quantity of service used) and the profit of the provider
are given as follows.

Q = s(V − p),

ΠP = (p − c)Q − f

= (p − c) · s(V − p) − f.

From the first order condition (dΠP /dp = 0), the optimal
price under a pay-per-use pricing scheme was obtained

p∗ = (V + c)/2.

In addition, the profit of the provider can be derived as fol-
lows;

ΠP = (
sc2 − 2sV c − 4f + sV 2)/4.

3.3 Result of study

Below is an examination of which pricing scheme is de-
sirable from a provider’s point of view. By comparing the
provider’s profits in the cases of subscription pricing (Π∗

S )
and pay-per-use pricing (Π∗

P ), the following proposition is
obtained.

Proposition 1 (i) The monopoly provider prefers subscrip-
tion pricing to pay-per-use pricing when the providing cost
is higher, while the monopoly prefers pay-per-use pricing to
subscription pricing when the cost is lower. (ii) As the level
of usage increases, the possibility of providing a subscrip-
tion increases.

Proof (i) Comparing two profits under different pricing

strategies, the result shows Π∗
S

≥
<

Π∗
P when c

≥
<

c∗ =
s
√

s(2s−s
√

s−1)

s
√

s−1
V .

(ii) ∂c∗
∂s

< 0.
Proposition 1(i) shows that the monopoly provider prefers

subscription pricing to pay-per-use pricing if the providing
cost is higher. This implies that if the providing cost is very
low, the provider prefers pay-per-use pricing because the

pay-per-use strategy incurs higher transaction or providing
costs. Proposition 1(ii) says that as the level of usage in-
creases, the possibility of providing a subscription increases.
As shown in Table 5, some heavy business users may prefer
a subscription scheme according to cost type. This will be
discussed later in Proposition 2.

Looking at which pricing scheme is desirable from busi-
ness users’ and a social point of view, a social welfare con-
cept is used, which can be represented by the sum of con-
sumer and producer surpluses (or a business’ profits). Thus,
by comparing the consumer surplus and social welfare in the
cases of subscription pricing (CSS ) and pay-per-use pricing
(CSP ), the following proposition is obtained. �

Proposition 2 (i) CSS < CSP and (ii) SWS < SWP .

Proof Omitted because of a simple calculation using c < V .
�

Proposition 2 says that pay-per-use pricing (CSP ) is al-
ways desirable from the viewpoint of consumer surplus and
from a social welfare perspective. This is because pay-per-
use pricing provides additional utility without reducing for
some users who want to buy minimal services while sub-
scription pricing can provide more services to consumers
who cannot predict the exact level of services that they
would use. Thus, some heavy business users may want
to choose subscription pricing. Looking at heavy business
users with a maximum willingness to pay, V , the amount of
utility, price, and net utility for the business user is summa-
rized in Table 5.

As shown in Table 5 when c is large, the heavy busi-
ness user prefers subscription pricing. However, when c is
low businesses prefer pay-per-use pricing. In reality, there
are additional considerations besides user benefits and cost
structure. For example, the providers need to resolve the is-
sue of metering to implement pay-per-use pricing. Business
users who want to gain control over their IT budget might
choose pay-per-use pricing.

In summary, the cloud service provider may choose a
subscription pricing strategy when the providing cost is rel-
atively large, while consumers and providers prefer pay-
per-use pricing, which is socially desirable. However, if
the marginal cost of providing the service is smaller, the
provider and consumers all prefer pay-per-use pricing and,
in addition, even the heavy business users do.
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Table 6 Cloud service models and pricing schemes

Ontology concept Service type Pricing model Company/product

Applications Business process management Pay per use Appian Anywhere

Pay per use process Maker Live

Storage Pay per use Box.net

Pay per use Nirvanix

Subscription Xdrive

Free MS Skydrive

Storage, email Free/pay per use Gmail drive

Billing Subscription OpSource

Data processing (video); Amazon EC2 Pay per use MuxCloud

Data sharing (photo) Subscription SmugMug

Web services Subscription/pay per use StrikeIron

Marketplace Dynamic pricing Zimory.com

Applications/Platform platform Pay per use Salesforce.com

Platform/Infrastructure Computing, storage,
database, payment, billing

Pay per use Amazon EC2 and S3, SimpleDB,
SQS, FPS, DevPay

Infrastructure Pay per use Network.com

Infrastructure Infrastructure, Web applications Pay per use Google App Engine

Infrastructure Pay per use FlexiScale

Subscription XCalibre

3.4 Discussion

Our predictions are that the cloud service models with siz-
able marginal costs such as IaaS and PaaS tend to be cou-
pled with pay-per-use pricing, and the others with subscrip-
tion pricing. Table 6 shows service models and the pricing
schemes of some real-world examples.

As shown in the table, pay-per-use pricing is general
among IaaS and PaaS and subscription pricing is often used
for SaaS and IaaS offerings. The examples, though not a
perfect match, conform to the predictions of this study. The
cost structure of service providers cannot fully explain the
reality, but it is one of the important determinants of pric-
ing schemes. The rationale behind providers’ choices is
that subscription pricing generates fewer transactions, con-
sequently saving marginal costs compared to pay-per-use
pricing.

4 Conclusion

This paper examined current various pricing models and in-
vestigated correct pricing strategies for cloud services. In
particular, the paper examined service models and their pric-
ing schemes according to cost structures. The main focus of
this paper was to compare two widely used pricing schemes:
subscription pricing and pay-per-use pricing, and to exam-
ine the right pricing strategies for cloud services. Initial dis-
cussion centered on cloud ontology and cloud service types.

Next a review of various pricing schemes available to ser-
vice providers and cost structures of IT systems was dis-
played and finally a theoretical model to analyze cloud ser-
vice providers’ profits, as well as social welfare.

The main results were first, service providers prefer pay-
per-use pricing when the providing cost is lower, which is
desirable from the viewpoint of business users and social
welfare. However, when the cost is higher, service providers
prefer subscription pricing. Also, providers favor subscrip-
tion pricing when users want greater levels of service at a
time. Secondly, business users may differ in their prefer-
ence for pricing schemes. Heavy business users may like
subscription pricing while light business users prefer pay-
per-use pricing, depending on the cost structure. Thirdly, if
the marginal cost of providing a service is low and negligi-
ble, all providers and consumers favor pay-per-use pricing,
which is socially desirable. Thus, cost structure can be a crit-
ical component in determining correct pricing schemes for
the providers.

This paper has studied pay-per-use and subscription-
based pricing separately. However, another pricing scheme
that a service provider may want to consider in order to im-
prove its profits is to offer options, pay-per-use and subscrip-
tion, for a consumer to self-select. The possibility for a con-
sumer to self-select among multiple pricing schemes might
change the providers’ optimal choices of pricing levels. The
situation should be dealt with the more complex model of
providers and consumers. It would be a promising topic for
future research.
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