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s simple, the concept of Business Model seems, as much confusion it generates. Any
experiment or attempt of surveying the opinions of quite well-educated people (bu -
siness school students – for example) gets mixed results: a sizable range from simple

financial calculations of the profit to complex business plans. Where then the truth lies?
The failure to correctly define, understand, design and/or decipher business models

leads to serious communication errors as well as significant business consequences; ac -
tu ally, it really means the difference between business success and bankruptcy.

The major obstacle in the way the business models are defined is the variety of the
model types themselves. The model’s typology largely varies from iconic ones (yet almost
impossible to build for abstract concepts as a business) to explanatory, descriptive models
and, ultimately, to symbolic models (graphical and mathematical models among them).
As the business people are practical people by definition, and entrepreneurs are not ne -
ces sar ily the highest educated, the graphical representations have priority over math e mat -
i cal models. We found – as result of decades of business education teaching as well as
bu siness consulting experience – that extremely concentrated symbolic models (such as
linguistic metaphorical constructions) have a particular value for business education and
even research.

A prestigious reference – the Oxford Dictionary of Economics namely, edited by the re -
spected Emeritus Professor John Black – inclines in fa -
vour of the mathematical models of the economic-fi nan -
cial side of the business as it defines an [economic] model
as „a simplified system used to simulate some aspects of
the real economy”. However, it admits that „the real world
is so large and complicated that it cannot be fully de -
scribed infinite time or space”. Therefore, „a good model
concentrates on the point it is studying and leaves out
anything not essential to this” and, consequently, „models
vary between the very simple … and large econometric
models with thousands of equations”. 

Business models, as economic models by definition,
observe the above definition (and favour the quantitative
advantages of equations). In this respect, the equation
defining the break-even-point is a good example of such
a simplified (but limited) business model.
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„Breaking an 
old business model 
is always going to
require leaders to 
follow their instinct.”

Clayton 
Christensen
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On the other side, the business models (as real phenomena of elevated complexity)
have to be descriptive. Yet a certain degree of formalism is required. A largely accepted
descriptive still standardized business model is the business canvas. The canvas of the bu -
siness model is built of nine blocks – namely: key partners, key activities, key resources,
value propositions, customer relationship, customer segments, [customer distribution] chan -
nels, cost structure, revenue streams – as described by Alexander Osterwalder. 

For practical reasons, case by case, mixes (combinations) of types of models are suit-
able for properly describing businesses. And here is room for innovativeness – because
each type of business is unique in its own way; in addition, even similar businesses, of
similar size, active in the same industry (even the copycats) get and may report different
result – understandable at least for one reason: they have different people as decision mak -
ers (business owners and managers).

In terms of innovativeness, in spite of explosive development of new technologies (in -
formation technology, communication technology and social networks, new materials and
forms of renewable energy, biotechnologies etc.), it is neatly recommended to avoid the

risky confusion to consider a certain innovative technol -
ogy as having an innovative business model just because
technology is innovative. In other words: a business based
on a certain innovative technology does not necessarily
have an associated innovative business model.

One more word about the business plan: why it is not
a business model. At max, it may be accepted that a bu -
siness plan is developed based on its corresponding bu -
siness model. The supporting argument has, roundly, the
same source of business knowledge: the Oxford Dic tion -
ary of Business states that a business plan is „a detailed
plan setting out the objectives of a business over a stated
period, often three, five, or ten years”. 

Cezar Scarlat
Senior Editor

„Unless commitment 
is made, there are 
only promises and
hopes; but no plans.”
Peter F. Drucker



Volume 7, Issue 1 – March 2019    5

Business Models in Online Industry
Valentin-Andrei Manescu (1), Ramona-Alexandra Neghina (1), 
Gheorghe Militaru (2), Andrei Niculescu (2)
(1) WEBECOM S.R.L., Bucharest, Romania, (2) University POLITEHNICA of Bucharest, Romania

Entrepreneurship is currently one of the core aspects of the global economy. The
current study analyses how online business models are classified by specialists and
also identifies the particularities of each online business model presented. Starting
from the online entrepreneur’s characteristics and the Internet penetration rate all
over the world we discovered that there are many ways to group similar business
types. Our results have identified that online business topics, such as virtual reality,
artificial intelligence marketplace, online advertising, cloud, financial technology,
are actually used to discuss about businesses and also to observe how the public
attention evolved in the last 5 years and last 12 months buy interrogating the Google
public databases and extracting the relevant results.

Keywords: business model, online industry, online entrepreneur, development 
of online business, online business models

Introduction
In the past decade, online business

mod els have been developing constantly
and are characterized by complexity, dy na -
mism and the use of technology. The pur -
pose of the research is exploratory because
it aims to identify information about online
entrepreneurs and the current trends of the
online business models.

The research theme analyzed includes
a qualitative research of online business
models trends, due to the need of identi-
fying the key factors involved in the exist -
ent trends of the online industry. At the
same time, the research theme proposed
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„I started 
the business with 
a simple idea: 

sell computers directly 
to the end customer.”

Michael Dell



was analyzed by using qualitative research
method in order to demonstrate the added
value brought and also the contribution of
identifying the current trends in the on -
line world.

Online Entrepreneur’s
Characteristics

Online also known as digital entrepre-
neurship generally refers to the pursuit of
opportunities based on the use of digital
media and other information technologies
(IT).

Moreover, an online or digital entrepre -
neur uses technology in order to develop
and improve his/her business because it
raises a higher level of efficiency and helps
to promote services or products because,
in the online environment the competition
is fierce. Still an uncommon characteristic
of digital entrepreneurs is the perception
that their business can create in the minds
of customers. A company based in an a -
part ment can have a similar website as a
company that produces millions of dollars.
Some of the most famous tech entrepre-
neurs, like Steve Jobs or Mark Zuckerberg,
are the most relevant examples of entre-
preneurs who started their businesses in a
garage or in a dorm room.

In recent years, the emergence and ex -
pansion of ICT is focusing on entrepre-
neurial characteristics such as individual-
ity, innovative ideas, flexibility and speed.
Easy and quick access to information cre-
ate new opportunities arising for online en -
trepreneurs, for small firms and decrease
the entry barriers in markets. As informa-
tion barriers and transaction costs fall, there
are new opportunities for small firms to
grow as well as increasing pressure for ex -
isting companies (OECD, 2001).

It is necessary to define the online en -
tre preneur as a person who establishes
and conducts a venture on the Internet.
An online entrepreneur encompasses ac -
tiv ities of a regular entrepreneur, but the
mode of operation and the processes are
more technologically based. Online entre -
preneurship has particular characteristics
that lead to different and complex prob-
lems faced by online entrepreneurs. For
example, the security issue within an on -
line transaction is very different form a
regular brick-to-mortar retail operation
(Prakash, 2009). When it comes to online
entrepreneurs, they’re typology is different
from the brick-to-mortar entrepreneurs.
A conceptual framework for analyzing on -
line entrepreneurs has yet to be developed
formally in the field of online entre pre -
neur ship. An online entrepreneur needs
to take more security aspects into consid-
eration, given the fact than an online bu -
siness deals with sensitive data such as per -
sonal information and credit card informa -
tion. Moreover, the concept of „test drive”
of a product might me completely absent
when dealing with an online website, un -
less the website is a „demo” version of a
certain software that can be easily tested
(Prakash, 2009).

The characteristics of a regular entre-
preneur have been extremely studied in

6 FAIMA Business & Management Journal
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traditional entrepreneurship literature.
These characteristics typically apply to a
regular entrepreneur, a „brick-to-mortar”
entrepreneur, defined as the individual
who starts a business in t he real world, as
opposed to an entrepreneur who starts a
business in the online world.

For an online business, an entrepreneur
needs to possess specific skills. The skill
of being a team player, may not be rele-
vant for a one-man-based online business
that is selling items on eBay, for example.
Other characteristics, such as previous
work experience, age, risk taking may not
be relevant for an online entrepreneur
(Daniel & Anwar, 2014). A good knowl-
edge of the basics in HTML, CSS, PHP, Ja -
vaScript or any other web programming
language, or even electronic payment, or
shopping cart software are of use for an
entrepreneur who has an online venture.
Some of the technical knowledge men-
tioned above may not be so relevant now -
adays considering an entrepreneur could
simply buy the software solutions. The de -
sire to use technology can be an important
variable that influences the success of an
online business.

The behavior and processes for online
entrepreneurs and brick-to-mortar entre-
preneurs have common aspects but some
of the key process are different. Summar -
iz ing Gartner’s steps for traditional or
brick-to-mortar entrepreneurs, he identi-
fied six common behaviors: deciding on
a location, accumulation of resources, pro -
duction activities, setting up an organiza-
tion, marketing and products, responding
to the government and society (Gartner,
1985). Many of the behaviors and process
are applicable for online entrepreneurs as
well, more exactly (accumulation of re sour -
ces, marketing, organizing and re spond ing
to external environment). However, online

entrepreneurs have developed new be-
hav ior, different and unique from the reg -
ular and traditional behaviors, such as: pro -
tecting user’s privacy, search engine opti-
mization for their online business, because
search engines are an important source for
potential clients, protecting online assets
(Prakash, 2009). The processes and be hav -
iors of online entrepreneurship are closely
linked to software and hardware used in
the venture because these tools are key
com ponents for improving and maintain-
ing an online business. 

Online Industry
By June 2018, the number of Internet

users reached 4,208,571,287 worldwide
(Ta ble 1). The penetration rate has exceed -
ed 55% worldwide (Miniwatts Marketing
Group, 2018), compared to last year’s pe -
netration rate of 51.5%, which has enabled
the rapid development of online business
models due to the rapid development of
technology. 

Business Models in Online Industry
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Table 1 – World Internet usage and population statistics

Source: Miniwatts Marketing Group, 2018

The result of fast Internet adoption in
the first decade of the 20th century has fa cil -
itated the development of online business
models. For example, new e-commerce bu -
siness models have derived from classic bu -
siness models using new marketing models
and exploiting new distribution channels.
These channels have helped many busi -
nes ses to access new markets (Nambisan,
2016).These features have attracted cus-
tomers and investors around the world,
simulating growth in national economies
and leading the way to a single world mar -
ket, a phenomenon that continues to grow
at an accelerated pace. Additionally, these
changes have led to the transformation of
the local distribution chain into a global
dis tribution chain. This has created a value
chain that includes procurement process-
es, manufacturing processes and logistics
activities involving companies, customers
and logistics providers. All of them provide
specific added value that customers in their
purchased products and services, all of
which are embedded in the eCommerce

online business model. This model was
pre ferred to a local value chain because the
global economy offers the opportunity to
better capitalize assets (Sheriff, 2018, p. 76).

In the digital economy, Information
Technology (IT) and new media have be -
come sources of innovation in business
processes and models. Bits of information
rather than material goods are processed
(Davidson & Vaast, 2010).

The business model is the methods by
which the company generates revenue to
support itself and how it is positioned in
the value chain. In the development of e-
commerce, new online business models
will emerge and will reinvent themselves
in the online environment (Rappa, 2010).
A comprehensive and persuasive taxonomy
of business models on the web was de -
veloped by Michael Rappa. The identi fied
core categories can fit business models
into: brokerage, advertising, information,
marketing, production, affiliation, com mu -
nity, subscription, utility. These models
are very varied, moreover, a company can



combine several business models as part
of the Internet business strategy. For ex -
ample, it is not uncommon for a business
to combine subscription services with ad -
vertising delivery. Online business mod-
els now attach great importance to any
form of intellectual property that can be
protected by a patent (Rappa, 2010).

Simon Kingsnorth believes that the bu -
siness model must match the desired strat -
egy. For example, making an aggressive
e-commerce strategy does not match a
suitable B2B relationship. It is also the
case of using aggressive Social Media con -
tent which is not a suitable strategy for a
retailer and it is very likely that it will not
success in selling the desired products. It
is vital that the strategy chosen matches
the existing online business model (Kings -
north, 2016). An efficient use of the suit-
able online business model enables com-
panies to increase their profits by reducing
the cost of doing business. In many ways,
an online business model is the most im -
portant catalyst for making international
business effective and generating effective
added value (Sheriff, 2018).

At the beginning of the development of
online business models, the term of digital
economy also emerged. The term was e -
nun ciated by Don Tapscott in 1995 and it
was among the first researches that con-
sidered that the Internet will change the
way business is done. It defines the digital
economy through a network that connects
individuals and organizations that trans-
port dominant structures to networks. The
concept of collective intelligence is used to
change innovation, production, procure-
ment and communication in a profound
way (Tapscott, 1997).

According to Thomas L. Merseburg,
there are three main components of the di -
gital economy that can be identified: e-bu -
siness infrastructure (hardware, software,
telecom services, networks, human capital)
e-business processes (processes the or gan -
ization conducts over computer mediated
networks) and e-commerce (transfer of
goods via the Internet) (Mesenbourg, 2001).

Applegate introduces the 6 e-business
models: distributor focus, portals and ma -
nufacturers, infrastructure distributors, in -
fra structure portals, and infrastructure

Business Models in Online Industry
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manufacturers (Applegate, 2001). The main
dimensions for classifying an online busi-
ness model: the role of the user, the in ter -
action, the nature of the offer, the pricing
system, the level of personalization and
the economic control (Dubosson, Pigneur,
& Osterwalder, 2002). All these ap proaches
have the common aim of describing and
organizing businesses around excess ty -
pol ogies and taxonomies of new business
archetypes, mostly available through In -
ternet-based technologies (Zott, Amit &
Massa, 2011).

The term of online business or e-busi-
ness can be used to define any type of bu -
siness that performs a commercial trans -
action which includes the transfer of in -
formation via Internet. E-commerce or any
other business in the digital environment
includes the use of information technol-
ogy to facilitate external activities to indi-

viduals, groups or other businesses via
the Internet (Beynon-Davis, 2012).

The term of e-business was first pro-
posed by the IBM marketing and Internet
team in 1996 (Gerstner, 2003). In ordered
to be able to define the online business
model, firstly we need to identify how the
business generates value and how it gen-
erates revenue. Thus, the definition of the
revenue model, which is in fact a struc-
ture that helps to identify the source of
in come. The revenue generation model
tracks the value offered, how it can be va -
lued and who pays for value (Afuah, 2004).
This revenue model is a key component
of the business model (Wagner, 2013). Eric
Wagner identified 5 important components
that can drive the evolution of the online
entrepreneur presented in the table be low
(Table 2). 

Valentin-Andrei Manescu, Ramona-Alexandra Neghina, Gheorghe Militaru, Andrei Niculescu

Table 2 – Five components for the development of an online business

Source: Adapted after Wagner, 2013

There are several ways to begin de -
sign ing an online business model which
implies identifying more revenue gener-
ating models and how these models can
make direct or indirect contribution to an
online business. Direct beneficiaries are

those who use the value directly from the
available resources or example, using ar -
ticles, interacting with digital and online
content or accessing web applications. The
funding model based on the direct bene-
ficiaries assumes that they will be willing
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to pay for the resources made available.
Indirect beneficiaries are those who gen-
erate added value through indirect ways,
such as sponsors and advertisers using ad -
vertainments directly to user, founders or
donors (Maron, 2015). Furthermore, the
two groups of beneficiaries that pay direct-
ly or indirectly for online products or ser -
vices are the following: direct beneficiaries
who pay for subscriptions or each time
they use the service, publishing or hosting
and indirect beneficiaries who pay for ad -
vertiser, content licensing.

Another approach was defined by Raym
Crow, who mentions the value-for-value
framework for online businesses as similar
to classical business framework, plus some
new items. This framework is organized
as an answer to various question such as:
How does the business create value and
in which ways it will be valuable, namely
for who. Every online business has some
potential sources of added value and the
content and tools used to develop a valua -
ble source, the audience and devoted users
are linked to each other (Crow, 2009). Re -
focusing this value questions and syste -
mat ically re-evaluating assets in all ways,
online business owners can more easily
identify areas they have not considered in
the past.

All of these definitions and classifica-
tions of online business models denote the
difficulty of defining exactly what a busi-
ness is in an online environment, and es -
pecially what is the threshold in which a
business uses technology or becomes a
digital or online business. At this time, a
lot of businesses embed technology into
one or more key tasks, starting from the
touchscreen phone and color screen, and

reaching systems that use artificial intelli-
gence and augmented reality algorithms.
Current times require increasing produc-
tivity, faster information flow, and auto -
mation of processes to withstand the mar -
ket economy.

Given that an exact and generally valid
definition cannot be given, it will be at -
tempted to identify a specific definition,
geared to the functions of each type of on -
line business, so that more functional bu -
siness types can be identified with com -
mon or at least close objectives. If on the
basis of the criteria stated in the following
research, it is desired to analyses an online
business model and allocate it to the ap -
propriate category, it should be noted that
from the outset that each online business is
unique and the categories may not fit per -
fectly, an online business type can be clas -
sified into several categories. For ex ample,
the Amazon brand can be considered a re -
nowned marketplace, but also a cloud com -
pany. The same can apply for Airbnb,
which can be considered an online book-
ing system or a market for tourist of fers.

Michael Rappa identified in 2010 cate-
gories of online business models divided
into the categories to be presented. This
cat egories are the following: online busi-
nesses based on brokerage, online busi -
nes ses based on advertising, online busi-
nesses based on an info-mediator model,
online manufacturer model, ecommerce
model, online business based on the af fil -
iate model, online community businesses,
subscription based online businesses and
utility based online businesses. In Table 3
each online business mod el is shortly de -
scribed, in order to understand the busi-
ness model and implications. 

Business Models in Online Industry
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Table 3 – Online business models

Source: Adapted after Rappa, 2010



Trending Business Models
Given the development of online bu -

si ness models, the emergence of new op -
portunities and the evolution of technol-
ogy, at this stage of the research we will
conduct more case studies of expanding
business models and which have been
suc cessfully validated from an economic
point of view. For this analysis an ex plor -
atory research will be carried out with the
main objective of identifying the key ele-
ments that define the competitive advan-
tage of these new businesses that have
been developed.

In this research, we will identify key
elements that have underpinned the suc-
cess of these business models, including
positioning the business in the context of
the global economy, technology used to
become leaders in their market segment,
a promotional model used to attract new
customers, type of sales approach used,
automation used to be competitive, and
even artificial intelligence models, where
appropriate. All of these elements will look
at how the business produces value and
how it is translated to the customer for rev -
enue.

Another aspect that will be pursued will
be the fact that each company charges its
customers to earn revenue. The particu-
larities analyzed through the exploratory
research will be needed in order to iden-
tify the change of paradigm generated by
new technologies and the way in which
new businesses undertake disruptive in no -
vation, sometimes replacing classical busi -
ness models. The fields of activity in which
these exploratory researches will be con-
ducted will be relatively varied but inter-
connected in an information ecosystem
system as follows:

Cloud Technology – is the area of   ac tiv -
ity where software and hardware are being
put up for sale, often combined to provide
B2B customers with the information in -
frastructure needed to develop a particular
type of business. Cloud technology may
include one or more elements, including
servers, software licenses, interconnected
networks with Internet access, artificial in -
telligence systems, and the advice / guid-
ance needed to use these systems.
Online advertising – the online adver-

tising segment includes software solutions
that a most often use cloud infrastructure
to bring together potential users, product
and service providers. Cloud technology
is often used to facilitate the processing of
a large amount of data. The more re fined
customer data, the more information sys-
tems can deliver a better delivery of pro-
motional messages and a better success
rate of online advertising campaigns.
Marketplace – Marketplace combines

product and service offerings from multi-
ple vendors, supported by both infrastruc -
ture and advertising systems, such as affil -
i ation, social network advertising, search
engine advertising, or visual advertising.
These marketplace systems are likely to be
the first to turn classic online commerce into
mass, facilitating the movement of physical
assets and even their virtualization, as in
the case of Amazon that is truly successful
in selling books in electronic format.
Transport – Transport is an essential

component of any economy, which facil-
itates the movement of goods and people.
Digitalizing this segment is an important
step in reducing costs or achieving profits.
With the emergence of cost/route optimi za -
tion systems and introducing the concept

Business Models in Online Industry
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of sharing a race, transport is currently
be ing enhanced by technology and the
availability of geolocation systems for al -
most everyone.
Tourism – Tourism has also been rad-

ically improved, being supported by cloud
technology, promotion systems, market
place and transport systems. Thanks to
these systems, booking a hotel room be -
comes very easy and increases the user’s
confidence in the room they are going to
reserve. Reservation/rental systems main-
tain and develop their business on the
basis of their reputation and guarantees.
Fintech – It is a new industry, based on

technological progress. The term „finance”
is jointed to the term „technology”. Im prov -
ing these two terms creates added value
for a quick cash flow and sometimes it is
safer. In the fintech segment we find on -
line payment processors, auction systems
for shares, and newer virtual currency pay -
ment systems.
Augmented Reality and Artificial Intel -

ligence – Probably the newest segment in
which technology-based businesses are
developing. Although many devices and
experiments have been carried out over
the years, this field is still in its early stages
and a huge growth is expected. All tech-
nology companies consistently invest in
these types of devices and software, with
already launched applications.

Evolution of Business Models
After identifying the business types

which are mentioned in the literature re -
view, we have analyzed which are the
most trending ones. Our research was
based on the Google Trends Database,
tool which can be used for identifying
the evolution of a topic, a keyword or a
phrase.

Google Trends adjusts data in order to
compare the search terms used in the
queries more easily. The search results of
Google Trends are proportionate to the
time and location of a query by using the
following process: each data is divided
by the total searches of the geography and
time range it represents to compare rela-
tive popularity. Otherwise, places with
the most search volume would always be
ranked highest, the resulting numbers are
then scaled on a range of 0 to 100 based
on a topic’s proportion to all searches on
all topics, different regions that show the
same search interest for a term don’t al -
ways have the same total search volumes
(Google LLC, 2018).

Google Trends data is an unbiased sam-
ple of Google search data. Only a per cen -
tage of searches are used to compile Trends

Valentin-Andrei Manescu, Ramona-Alexandra Neghina, Gheorghe Militaru, Andrei Niculescu



data. The 2 types of Google Trends data
are: real-time data which is a random sam -
ple of search queries from the last 7 days
and non-real-time data in a random sample
of Google search data that can be re trieved

from as far back as 2004 and up to 36
hours before the search. After search data
is collected, it is categorized, connected to
the topic and all the personal information
is removed. Some of the data is excluded,
such as searches made by very few people
(Google trends eliminates repeated search-
es from the same person over a short pe -
riod of time), duplicate searched (Google
Trends eliminates repeated searches from
the same person over a short period of
time) and special characters (Google Trends
filter out queries with apostrophes and
other special characters).

For having a relevant result, we used
for the first searches in the database the
name we used in the current research and
follow the recommendation to search for
the whole topic. Because of someone cat -
e gories of researched business models are
new, searched topics with less than 10
points from 100 points popularity, were
analyzed separately.

Cloud, marketplace, virtual reality and
ar tificial intelligence topics are the most
pop ular by the popularity score, we can
observe how the trends evolved in the last
5 years in figure 1.
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Figure 1 – Evolution of cloud, marketplace, virtual reality 
and artificial intelligence topics in the last 5 years

(Source: Google Trends, 2018)
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In the last 12 months, we analyzed just
the less popular topics in Google trends,
like Carpool, Online advertising, online ho -
tel reservation and financial technology.
In the next figure we can observe the

evolution of keyword searches related to
our topics and also that the popularity
and evolution is not linear from month to
month.

Valentin-Andrei Manescu, Ramona-Alexandra Neghina, Gheorghe Militaru, Andrei Niculescu

Figure 2 – Evolution of carpool, online advertising, online hotel reservations 
and financial technology in the past 12 months

(Source: Google Trends, 2018)

For determining the evolution of
every searched topic, we used a formula
which can indicate the trending level of
a topic in the past 5 years, compared to

last 12 months. In this case, the first for-
mula determined how much the topic
evolved in the last year compared with
the previous four years.

Table 4 – Trending categories for online business models

Data source: Google Trends, 2018



Discussion And Conclusions
To conclude, online entrepreneurs play

a pivotal role in having a successful online
business model because they seek busi-
ness opportunities in order to further de -
velop their business. Given the fact that
the research is based on analyzing exclu-
sively online business models, the Google
Trends analysis demonstrated that the
top ics are shifting toward online business
mod els.

The theoretical aspects presented in the
first part of the research define the online
entrepreneurs as a person who presents
the same traits as a brick-to-mortar entre-
preneurs, but he/she conducts a venture
solely on the internet and therefore he/she
has different needs and they have to take
in consideration different problems, such
as protecting user’s privacy, search engine
optimization and so on. The processes and
behaviors of entrepreneurs are closely
linked to software and hardware because
these are the tools that maintain their on -
line business.

Given the extent of the Internet pene-
tration rate nowadays, more exactly 55%
compared to 51.5% in 2017. The growth
of the Internet penetration provides online
entrepreneurs with a favorable environ-
ment for developing their online business
models and finding new trends. 

After obtaining the results we discov-
ered that the most trending topic is Arti -
fi cial intelligence, which also Google in -
cludes as field of study. Probably the ev -
o lution obtained of 675% is influenced by
the researchers and specialist from various
domains. On the second place, the most im -
portant topic is about virtual reality, which
increased the popularity with 130.13% in
the last year, compared to the average from
2013-2017.

Online hotel reservation, marketplace
and cloud we consider that have a good
trend evolution, in the range of 47-71%.
For online advertising and financial tech -
nol ogy, we obtained irrelevant results,
prob ably because the Google database has
not enough information. Carpool topic is
not trending anymore, it’s the only topic
which has a decrease. In online industry
and the entrepreneur communities things
are moving fast, because the increase of
Internet penetration and business compe -
tition for gaining loyal customers. The cur -
rent research is made to identify trends of
new business but every business model
can include more than one trending tech-
nology, depending of the creativity and
innovation of every entrepreneurs. There
are many factors which help a business
model to be successful and probably one
of them is to follow a trend when it’s start -
ing. Successful entrepreneurs are moving
fast and also identify the trends from the
beginning to be prepared for making a
change in theirs’s niche.

As for the limitations of the research, the
qualitative analysis is an analysis of per-
ception and by being a perceptual analysis
is not as accurate compared to a quantita-
tive research. The research was used be -
cause the main focus was identifying the
current online business models trends from
the Google trends point of view, such as
visibility and key interest factors.

Further research should focus more on
the online entrepreneurs characteristics as
well on the online business model trends
and how this trends can improve the pro -
cesses and technologies of online business
models.

Business Models in Online Industry
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Unconventional Shale Energy resources have become an increasingly significant source
of oil and natural gas in the United States, Canada and China over the last decade.
This rapid growth could not be achieved without research and development activities
in this field. Moreover, revolution in unconventional hydrocarbon industries has trig-
gered many research questions from highly engineering aspects to highly political issues
in this area. In the current paper, we have attempted to shed a light on the frontier
research of this growing knowledge domain. A number of 2489 papers were collected
from Science Citation Index-Expanded (SCI-E) and the Social Sciences Citation Index
(SSCI) databases. We applied bibliometric methods on collected publications and with
the help of CiteSpace III software; co-citation networks of publications were mapped
which revealed valuable information on research trends and knowledge gaps existing
in this field. Three clusters of intellectual structure identified and analysed and future
research opportunities recommended. 

Keywords: unconventional energies, bibliometrics, emerging technologies, characterizing
knowledge domain, citespace

Introduction
The Unconventional hydrocarbon ener -

gies, more prominently shale gas and oil,
have been getting extracted in United States
for decades. Continues advancement in es -
sential related technologies, such as hy -
draul ic fracturing (fracking), horizontal
dril ling, and 3D seismic exploration has
made these resources supplied more effi-
cient and cost effective manner. The trend
of shale gas and oil development continued
until these resources became econom ically
competitive in the energy market, early 21st

century. In the year 2012, averaged of
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„Good fortune 
is what happens 
when opportunity

meets with planning.”
Thomas Edison



25.7 billion cubic feet per day (Bcf/d) of
shale gas were producing in the U.S.,
which was about 39% of total natural gas
production in United States. Rapid growth
in unconventional hydrocarbon energy in
the United States, not only have reduced
dependency of that country on its oil im -
ports, but also can make United States a
major liquefied natural gas (LNG) exporter
in the global energy market (EIA 2013).

Due to widespread existence of proven
shale gas and oil reserves throughout the
earth, it is not far-fetched to predict these
resources will be developing in many en -
er gy importing countries in the coming dec -
ades. However, shale gas and oil technol -
ogies are evolving and maturing fast, but
currently only in United States, Canada, and
China, shale gas and oil resources are ex -
tracted at commercial scale, and Brazil, and
Estonia produces shale oil as well while
these resources are abundant in many other
countries as well (EIA 2015).

Advancement in unconventional hy dro -
carbon technologies owes a great depth to

extensive U.S. federal funding on research
and developing activities and disseminating
the results into the unconventional hydro -
carbon related industries. 

Along of rapid development of uncon-
ventional gas and oil industry over the last
decade, research activities have also been
drastically growing in the related aspects of
these technologies over the last five years.
Figure 1 presents growth of publications in
unconventional shale gas and oil research
field, in ISI Web of Science. Due to the im -
portance of these technologies for energy
importing countries, and on the other side,
controversial environmental impacts of
un conventional shale energies extraction
which can have destructive to the commu -
nities and environment, many multidisci-
plinary research questions has been raised
with various focuses such as engineering,
geological, public policy, and environmen-
tal aspects of these technologies (Yuan et
al. 2014).
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Aside from shale gas and oil, unconven -
tional hydrocarbon energies consist of tight
sands, clathrates (gas hydrates), and coal
bed methane (CBM). However, due to rap -
id growth in shale gas and oil extraction,
and their abundant proven reserves, in the
current paper we have attempted to ana-
lyze the growing research domain of un -
con ventional shale gas and oil through bi -
bli o metric methods. Bibliometric methods
are known as a set of quantitative methods
for analyzing and characterizing research
domains (Keiser, Utzinger, 2002). Biblio -
met rics studies are highly valuable when
they are conducted on growing research
do mains, since it can interpret research
trends, hot topics, main research areas and
much other useful information which can
provide a comprehensive perspective of
the targeted field for enhancing efficiency
of later research activities on that research
domain. Moreover, analyzing the footprints
of research activities in other nations can
reveal capability of future development of
unconventional energies in those countries.

Publishing the results of a research is a
critical part of any scientific activity. Con -
sidering the fact that publications of a re -
search domain can shape its related body
of knowledge, in bibliometric studies, a

large group of publications which are rep -
resenting a specific knowledge domain are
being collected and analyzed. In this study,
we collected 2489 refereed publications in
unconventional hydrocarbon energies re -
search field (more specifically shale gas
and shale oil) from Science Citation In -
dex-Expanded (SCI-E) and the Social Sci -
ences Citation Index (SSCI) databases which
are the most credible databases developed
by the Institute for Scientific Information
(ISI).

Bibliometric methods have been widely
applied in many disciplines as well as en -
ergy related knowledge domains. Since
reading a map is much more informative
for researchers than words or data, pro-
viding visualized networks of references
in bibliometric studies can help, in depth
analysis of a research domain (Feng et al.,
2015). Kiriyama and Kajikawa, analyzed the
status and research trends in energy secu-
rity topic using citation analysis (Kiriyama,
E. & Kajikawa, 2014). Xu and Boeing map -
ped bio fuel field using bibliometric re -
search (Yaoyang, Boeing, 2013). Li et al.
proposed a framework for integrating bi -
bli ometric method with technology road -
mapping to plan future development of a
new solar technology-based industries in
China (Li et al., 2014). 

However, It should be mentioned there
has not been any bibliometric conducted
on shale gas and oil research domain. In
this paper, we have mapped network of
references in order to illustrate a compre-
hensive perspective on the intellectual struc -
ture of sale gas and oil research field using
a visual mapping software called Cite space
III. Three clusters of research trends iden -
tified and analysed and future research
opportunities were analysed based on the
existing gaps and intellectual structure of
the field.

Nima Shahriari, Adrian V. Gheorghe



Research Methodology
Bibliometrics methods were initially in -

troduced in 1969 through application of
statistical and mathematical methods to
bibliographical data of books, articles, or
other publications (Wei, 2014). 

Citation analysis is one of the most
wide ly used bibliometric techniques. Initial
citation analysis technique was based on
the rationale that the more cited papers are
the ones which have more likely influenced
their knowledge domain and contain core
literature. However, citation analysis indi-
vidually cannot offer a transparent per -
spec  tive of a field and it can be argued that
there may exist some papers that have not
highly cited but has high influence on the
literature, especially the ones which have
been published recently (Leong, 1989).

Co-citation analysis is defined as the
frequency with which two or more earlier
documents are cited simultaneously by
the later documents (Small, H.). Co-citation
analysis is based on the rationale that, the
more a pair of papers cited simultaneously
by a later paper(s), the more semantic re -

lation exist between them which represent
an indicator of subject similarity between
co-cited publications (Raghuram, Tuertscher,
Garud, 2010). Thus, analysis of co-citation
networks of a knowledge domain can re -
veal intellectual connection within the field.

In the present study, we examined in -
tellectual structure of unconventional shale
energies research domain by adopting
co-citation analysis through visualized pro -
cedures. Mapping knowledge domain can
be defined as the visualization of the top o -
logy of relationships between science com -
ponents of a disciplines, fields, or special-
ties (Cozzens et al., 1988).

Corresponding to the increasing rec -
og nition of the Citespace software as a
practical tool for co-citation analysis, we
used Citespace III for our co-citation anal -
ysis and mapping citation networks. Cite -
space is a java-based software that can vi -
sually show relationships among most fre -
quently cited authors, institutes, keywords
and many other bibliographical informa-
tion. It can explain evolutionary trends of
certain research fields using co-citation
analysis (Zhang et al., 2015).

Trends in Shale Energy Production
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Bibliometric studies are conducted by
analysis of academic publications related
to the targeted knowledge domain which
has been published through a period of
time. Those publications are actually the
input data for bibliometrics studies and all
later assessments will be conducted on the
established dataset of publications. Thus,
data collection is the initial step and the
most critical part of bibliometric studies
while there is no common way to deal
with it. In the present study, we searched
on ISI Web of Science, particularly Science
Citation Index-Expanded (SCI-E) and the
Social Sciences Citation Index (SSCI) data -
bases, which provides high quality peer
reviewed publications and commonly used
as the database for variety of bibliometric
studies due to its credibility (Wei, 2014).

Needless to say searching on databases
should be done through specific queries
which lead to the comprehensive publi-
cations of the targeted research field. We

searched on the related queries such as
„shale gas”, „shale oil”, and „fracking” on
the TOPIC field tag which includes title,
abstract and keywords of each publica-
tions. Specifically here is our search query:
TS = („shale gas” OR „shale oil” OR „frack -
ing” OR „unconventional hydrocarbon e -
nerg*”) OR TS = ([„hydraulic fracturing” OR
„unconventional energ*”] AND shale) OR
TS = („horizontal drilling” AND Shale) OR
TS = („3D seismic exploration” AND shale).
This search was conducted on May 15th

2015 without any restriction on the pub-
lishing time of results. We collected 2489
publications, among which 1,827 were ar -
ticles, 200 meeting abstract, 150 editorial
material, 128 review, 113 news item, 91
pro ceeding papers and 77 other types of
publications. We downloaded full record
information of all 2489 collected publica-
tions and processed with the Citespace
III software. In the following session we
discuss on the results. 



Research Results
Analysis of countrie. Unconventional

hydrocarbon energies have changed the
landscape of energy in United States. Due
the promising advancement in related in -
dustries, many developing and developed
countries started research activities in order
to assess these resources for their future
energy demands. Among those, China is
projecting ambitious plans for dramatic
increase of its shale gas productions.

Affiliations of authors in each publica-
tion can show the country in which that
research have took place. Altogether, 72
countries were recognized while the top
10 countries have conducted more than
73% of researches on this area. With the

help of Citespace III, we could map the re -
lationship between research focus and col -
laborations in shale gas and shale oil re -
search domain. Figure 2 presents a map of
collaboration relationship between re search -
ers in unconventional shale energies re -
search domain in 1996-2014-time interval.

Looking at the Figure 2, we can intui tive -
ly see the United States as the core of col -
laborations in this research domain. The
bigger the node is, the country is more pro -
ductive. United States is the most productive
country in unconventional hydro carbon
research domain with 1090 publications fol -
lowed by China (351 publications), Canada
(130 publications), Austria (96 publica-
tions), and England (92 publications). 
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Centrality is a concept defined in Cite -
space as an indicator for measuring the
ability of each node to link with other
nodes. The Freeman’s (1979) betweenness
centrality metric which is a graph-theoret -
ical property is used and illustrated by
purple ring around each node in Cite space
III (Chen, 2006). As it is depicted in Figure
2, United States and Canada has much high -
er centrality which represents collabora-
tions compare to China. It doesn’t mean
that there has not been any collaboration
among Chinese research institutes and
American ones in this field, but calculat-
ing the Freeman’s betweenness centrality
have located China in topologically distin -
guished position in the map.

Although currently China is producing
six times smaller amount of shale gas com -
pare to the United States, it is planning to
develop its shale gas production dramat-
ically, while China is dealing with inade-
quate access to technology, water and land.

The U.S. National Science Foundation
(NSF) and Department of Energy (DoE)

are the two main organizations provided
funding resources on shale gas and shale
oil research domain within United States.
University of Texas Austin has the most
productive research group in this field with
73 publications, followed by Penn State
University (44 publications), Colorado
School of Mines (36 publications), Car -
negie Mellon University (35 publications),
University of Pittsburgh (35 publications),
Stanford University (32 publications), and
Texas A&M University (30 publications).
The universities located in Texas State of
United Sates have the most prominent re -
search groups among other productive
schools in the world which can be seen
as the result of considerable production
of unconventional hydrocarbon energies
in that state.

While research in shale gas and oil in
U.S. is widespread among more than 50
universities and research institute, in China
this area is highly focused in a few univer -
sities. China University of Petroleum is the
most productive university in China as well
as the entire world with 81 publications in
unconventional shale gas and oil research
domain, followed by China Academy of
Science (42 publications), China University
of Geoscience (41 publications), and South -
west Petroleum University (35 publications).
However, it should be mentioned that China
Academy of Science (CAS) is a national
academy for the natural science in China,
working with 124 research institutes and
universities in that country (CAS, 2015). 

As it is depicted in the map of Figure 2,
among European countries, England with
92 publications, Germany with 87 publi-
cations, and Estonia with 69 publications
are the most productive ones. Due to more
environmental conservative policies among
European countries compare to the U.S.,
these resources has not get high attentions
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among research institutes. Tallinn Univer -
sity of Technology in Estonia is the most
productive university in Europe with 44
publications in shale gas and shale oil
research field in Europe while in England
and Germany this topic is being addressed
by different universities. It is should be
mentioned that Estonia is the first coun-
try in the world that has met all of its power
needs from shale resources and even ex -
ports shale oil (Energy overview, 2015). 

Intellectual structure of the uncon-
ventional shale energies research do -
main. According the ISI Web of Science
classifications, more than 90 research areas
has covered by the 2489 collected publi-
cations. Among those, the top five classi-
fications cover more than 82% of collected
publications while each publication can
be categorized in more than one research
area. The engineering (1187 publications),
energy fuels (916 publications), chemistry
(435 publications), geology (372 publica-
tions), and environmental science (352
publications) are considered as the main
research areas. However, this analysis is
not practical since these classifications are
defined too general and have overlaps.
For instance, energy fuel category covers
publications related to all aspects of de -
vel opment, production, use, application,
conversion, and management of all sour -
ces of energies except nuclear technolo-
gies (SCIE, 2015). In other words, any
publication which talks about any energy
source can be classified in this topic except
nuclear energy. 

In order to gain a better understanding
of the intellectual structure of unconven-
tional shale energies research domain, we
have mapped co-citation network of refer -
ences with the help of Citespace III soft ware.

CiteSpace III uses a time-slicing mech-
anism in order to maps synthesized pan o -

ramic networks across consecutive years.
The duration of time intervals for each slice
is defined two years in this study. Nodes
represent the publications and links rep-
resent co-citation relationship between
pub lications. We can understand the re -
cent or old co-citation relationships through
the colour of links which are represented
in the bar above each map produced by
Citespace III. The initial publications re -
lated to shale gas and shale oil in ISI Web
of Science started from 1996 (while refer-
ences can be older), the trend of publish-
ing on these topics poorly continued until
the year 2009, and boomed dramatically
from the year 2010 (Figure 1).

Considering the large number of refer-
ences, we selected the top 200 higher cited
papers in each time unit for analysis in
this study. Altogether 1732 references got
connected through 1817 co-citation links
as it is depicted in Figure 3 where it is pres -
ented co-citation network of references ci -
ted in 1996–2014 time interval in uncon-
ventional shale energies research domain.

Trends in Shale Energy Production



At a glimpse on the co-citation map of
references, we can intuitively classify this
network into three topologically distin -
guish ed clusters. As the co-citation networks
represent semantic relationship between
references, it can be perceived the intellec -
tual structure of unconventional shale en -
ergies research field has three poles. 

The first cluster has widespread struc-
ture with dominancy of purple and blue
colours. This cluster in consist of smaller
nodes compare the two other clusters which
represent lower frequency of those refer-
ences in the literature. As it is indicated in
the above bar of the Figure 3, blue and
purple colours represent 1996-1999 time
period which were the beginning of our
targeted research domain. It means this

cluster contains the first intellectual basis
of our targeted research domain while
there has not been any recent prominent
research trend moving in this cluster since
we cannot see orange colour in this clus-
ter. However, it doesn’t mean there has
not been any publication over the last 4
years related to content of this cluster, but
it indicates that if there has been any pu -
blication related to concept of this clus-
ter, have not coupled in co-citation rela-
tionship of older publications in this clus -
ter. In other words, recent publications of
this cluster have not got attentions of re -
sent research trends in unconventional
shale energies research field. 

After the intuitive analysis of the map of
Figure 4, we reviewed prominent papers
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of each cluster in order to understand the
content those clusters and do in depth
analysis of intellectual structure for each
one. Number of 16 most prominent ref-
erences of first cluster was identified by
Citespace III as it is depicted by the name
of first author and the year in which that
document was published as it is shown
in Figure 4.

Reviewing the first cluster reveals the
dominancy of publications addressing shale
oil engineering issues. Paul T. Williams and

Nasir Ahmad from University of Leeds con -
ducted a research which published in the
year 1999 in the Fuel journal. Their paper
is considered as the most effective paper in
this cluster. They conducted an experi -
mental research for analyzing thermo gra -
vi metric of oil shale in relation to heating
rate and final pyrolysis temperature and
reached to interesting results about weight
lost in different temperature level (Williams,
PT. & Ahmad, N., 1999).

Trends in Shale Energy Production

Figure 4 – A zoomed view of the network of the first cluster

Two of X.M. Jiang works which were
published in 2007 got high attention in this
cluster. In one paper he introduces these
fundamental characteristics of oil shale and
its industrial application in combustion.
In another paper he recommended a new

comprehensive utilization system for oil
shale extraction (Jiang, XM., Han, XX. & Cui,
ZG., 2007). Analyzing chemical char ac ter -
istic of shale oil is a perdurable research
trend in this cluster. Claudio E. Rovere et
al. conducted a research on this topic in



1983 which resulted into identifying 600
components. About three decades later,
EunJung Bae et al. addressed similar ques -
tion with more advance technique and iden -
tified more than 30000 chemical compo-
nents in the oil extracted from shale for-
mations. 

The second cluster has widespread struc -
ture as well as the first cluster, but it con-
tains bigger nodes in the middle and small-

er ones around its network. Those central
bigger nodes have light and dark orange
colours which represent resent time inter -
vals of 2011-2015. It indicates the existence
of a drastic growth in recent research area
in that cluster which have co-citation re la -
tionships with other older references. It in -
dicates the intellectual relations of research
frontier and older research domain in the
seccond cluster. 

30 FAIMA Business & Management Journal

Nima Shahriari, Adrian V. Gheorghe

Figure 5 – A zoomed view of the network of the second cluster

By reviewing the prominent papers of
second cluster, we can identify the dom-
inancy of geological issues in the second
cluster, mainly related to shale gas. The
American Association of Petroleum Geo -
logist (AAPG) is the most credible organ-
ization which provides publication, con-
ference, and educational opportunities in
geoscience, has been a pillar of the world -
wide scientific community in shale gas
geological aspects research domain. Eval -

uation of shale gas resources in different
shale basins such as Mississippian brunet
shale is a considerable research domain
in this cluster which owes a great depth
to geology science. Daniel J.K. Ross and
R. Marc Bustin conducted a research which
got published in 2009 in the journal of Ma -
rine and Petroleum Geology and has cited
200 times. In that paper, they showed the
significance of shale composition and pore
structure on gas storage potential of shale
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reservoirs (Ross, Marc Bustin, 2009). D.M.
Jarvie et al. estimated the total generation
potential of about 609 bbl of oil equivalent
for Barnett shale reserve (Jarvie et al., 2007).

As it is shown in the map of Figure 5,
two works of Farzan Javadpour got high
attention while they have topologically lo -
cated in distance from the core intellectu-
al focus in this cluster. Farzam Javadpour,
who is a geologist, has worked in shale
gas porosity and permeability concepts. He
used diffusive transport regime with a con -
stant diffusion coefficient and negligible
viscous effects for nanoscale gas flow in
shale gas sediments which was a new ap -
 proach in the field for shale gas evaluation
and production optimization (Javadpour,
2013). Both of his works has been cited
more than 250 times in the shale gas re -
search field. Those papers were not his

only innovative introduced approaches by
applying different methods into permea -
bility of gas in shale rocks; for instant one
of his latest work published in 2015 suggest
stochastic modelling approach for perme -
ability analysing of shale gas systems. As
it is depicted in the map of Figure 5, alto-
gether 16 prominent publications of this
cluster were identified by Citespace III.

Third cluster has the most focused net -
work of unconventional shale energies re -
search domain with the dominancy of light
and dark orange colours. The drastic growth
of this cluster over the last four years and
low intellectual relationship to the older
references, indicate that the content of this
cluster is the hottest topic in the field which
has emerged mainly during the last four
years.

Trends in Shale Energy Production

Figure 6 – A zoomed view of the network of the third cluster
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Reviewing the papers of this cluster re -
veals a high relevance to the environmen-
tal aspects of unconventional shale ener-
gies; mainly the effects of hydraulic frac-
turing (fracking) of shale gas reserves were
studied. Concepts related to the regulation,
public policy and risk governance are also
the most related concepts concerning en -
vironmental impacts of unconventional
shale energies (mainly shale gas) develop -
ment in this cluster. 

Despite the rapid growth of unconven -
tional hydrocarbon energies and their pos -
itive effects on energy independence and
job creation in the United States, fracking
of shale layer has been highly controversial
due to its possible environmental im pacts.
Fugitive methane emissions, ground water
pollution, and increased seismicity are sug -
gested as fracking potential environmental
impacts (Osborn, SG.)

A very important result of our co-citation
analysis of the unconventional shale ener -
gies research domain is the exposure of
the low co-citation relationship between
third cluster and the two others. It means
low intellectual relationship between the
third cluster which is aimed to address
en vironmental impacts of unconventional
shale energies, and the two other clusters
which are addressing geological and engi -
neering issues and contain the main sci-
entific basis of this field as well.

This low co-citation relationship reveals
the lack of scientific basis for assessing en -
vironmental risks of unconventional shale
energies. In other words, instead of doing
experimental research on the environmen-
tal impacts through scientific methods, other
softer methods such as asking opinions
of experts were implemented in this area
while we are facing the considerable lack
of data and knowledge regarding uncon-
ventional shale energies environmental

impacts which means experts are not ex -
perts enough.

In this situation, not scientifically mea -
sured assumptions are highly referenced
for further assessment in the literature. For
example, many experts claim that although
shale gas extraction may contaminants
ground water resources, from climate
change perspective it is much cleaner than
coal due to less carbon dioxide emission.
The point which is missing in this claim
is the amount of fugitive methane (which
is a greenhouse gas) emission through the
upper streams of shale gas production and
transmission while only at combustion point
it is cleaner. Anthony Ingraffea who is re -
searcher in fracture mechanics and two
of his colleagues from Coronel University
conducted a research on the greenhouse
gas footprint of shale gas production which
got published in 2011in the Climate Change
journal. They calculated the amount of
greenhouse gas emission impact of shale
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gas and compared it with coal (which is
known as a very harmful energy resource
on the climate change). Surprisingly result
of their scientific approach revoked the
claim that shale gas has lower greenhouse
gas emission compare to the coal. They
dem onstrated shale gas has 20% more
greenhouse gas emission impact compare
to the coal and considered more harmful
resource for global warming (Howarth et
al., 2011). 

Recomendations 
for Future Research

Existing gap between third cluster and
the two other clusters has caused the two
opposite discourse in the unconventional
shale energies (more specifically shale gas)
literature which are arguing for and against
development of these resources. From one
side, many environmental activist believe
shale gas boom is doing more harm than
positive effects on the societies, they claim

this revolution was so fast compare to the
maturity of technologies and our knowl-
edge on their side effects. From the other
side, many people believe shale gas is a
strategic asset for oil importing countries
which can pave a way for their energy in -
dependence.

However, complexities of the context
of such a problem, and on the other hand
lack of data and knowledge, provoke the
researchers for providing more science
based decision support system through
bridging the existing gaps of clusters and
integrating different aspects of unconven -
tional shale energies infrastructures for reg -
ulation process.

From this point of view, we can classify
our recommendations into two groups of
problems at the state regulations levels and
national energy policy formation. Research -
ers who are aimed addressing state level
regulations are more recommended to
bridge current environmental discourse into
scientific bases through systems engineer -
ing approach as well as reviewing state of
the art regulation and governance experi -
ences. On the higher level side, research ers
who are interested working on public pol-
icy aspects of these resources are recom-
mended to see unconventional shale ener -
gies as national infrastructure, which is crit -
ical for energy security and job creation.
In the higher level analysis, providing a sys -
tem of systems approach toward these so -
cio economic interdependent systems can
provide a better framework dealing with
these resources which are grappling to be
resilient on current global energy market
dealing with resent global oil price collapse.
However, state regulations and national pol -
icy formation obviously have high interre -
lations which provide a range of interesting
research questions to be addressed within
two recommended approaches. 

Trends in Shale Energy Production



Conclusion
Unconventional shale energies

research domain is rapidly growing on
the geology, engineering, and environ-
mental knowledge bases. However, this
area of research is still not mature and
dealing with lack of data and knowledge
which resulted into two contradicts dis-
course arguing against and in favour of
these controversial resources. In the cur-
rent study, with the help of Citespace III
software, we mapped and analyzed this
growing research domain through biblio-
metric methods. After identifying main
universities, research institutes and fund-
ing resources, we mapped network of
co-citations relations for the references of
2489 publications ever published in this
area. Our results indicate existence of
three clusters which indicates the polar

structure of unconventional shale ener-
gies research domain. The first cluster
which is the oldest one refers to mainly
engineering aspects of shale oil. The sec-
ond cluster was mainly about geological
aspects of shale gas and the third cluster
was the newest and most intellectually
concentrated research trend, addressing
environmental impacts of these contro-
versial resources. Main concepts, core
publications, and research trends of
those clusters identified and discussed in
the paper. Our analyses reveal the lack
of geological and engineering basis for
environmental assessment of these
resources. However, a range research
approaches were recommended based
on the identified research gaps, resulted
from our bibliometric study in unconven-
tional shale energies research domain. 
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are nothing; 
planning 

is everything.”
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The future implications for the implementation of the Maritime Spatial Planning
(MSP) project in the Black Sea coastal area require identifying the changes and
the effects. This paper aims to analyze the political, economic, social, technological,
legal and ecological components, as well as the limitations of adopting a vision
and the strategic objectives relevant to the Black Sea area. At present, Romania,
in partnership with Bulgaria, is implementing the Black Sea Cross-border Maritime
Spatial Planning (MSP) project and the authors are part of the teamwork. The aim
of the project is to create a methodological framework for the development of the
cross-border maritime plan. Thus, the findings of the PESTEL multi-criteria analysis
will be relevant to the MSP project, on the one hand, and to all stakeholders – ex -
perts, researchers, academics and relevant Maritime Policy institutions. PESTEL, a
complementary SWOT tool, extends to the analysis of the external-internal context
and it is usually applied by firms for stra -
tegic diagnosis / strategic planning ana-
lysis. The idea of applying this diagnostic
method to MSP will lead to identifying cer -
tain types of issues that often have an im -
pact on the implementation of the project.

Keywords: PESTEL analysis, MSP, Black Sea

Introduction
The European Union has recognized the

need for a more comprehensive approach
of the maritime spatial planning and man -
agement in order to establish the sustai-
nable development of its seas and oceans
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„Someone’s sitting 
in the shade today
because someone 

planted a tree a long
time ago.”
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(Calado, 2010), which is why Directive
2014/89 / EU – establishing a framework
for the development of the seas Maritime
space – was adopted. In accordance with
article 3(2) maritime spatial planning means
„a process by which the authorities of the
Member State concerned analyze and or -
ganize human activities in marine areas in
order to achieve the ecological, economic
and social objectives”.

The Black Sea is the eastern gate of the
European Union, a junction between Eu -
rope, Central Asia and the Middle East, an
important transport and energy hub, an in -
tersection of different cultures, a region with
political, social and economic fragmenta-
tion, and at the same time a more threat -
ened area in Europe due to the continental
pressures and contradictory coastal and
ma ritime activities. There are six Black Sea
coast al states that include two EU Member
States, namely Bulgaria and Romania and
four non-member states: Georgia, the
Rus sian Federation, Turkey and Ukraine
(Pe tri ºor, 2014). Romania has a coastal
area that extends about 240 km along the
north-western part of the Black Sea, an
area that is affected both by natural factors

and by anthropogenic factors and still pos -
sesses an exceptional potential, numerous
untapped resources.

Currently, Romania and Bulgaria are im -
plementing the MARSPLAN Black Sea pro -
ject in order to make progress in suppor-
ting the implementation of the Directive
and expanding the cooperation framework
with all the Black Sea basin states. The
Black Sea coastal area is an extremely com -
plex social-ecological system, which varies
according to the environmental, socio-
eco nomic, cultural and governance factors
(Go lumbeanu, 2015).

The concern for the field of maritime
spatial planning in recent years is reflected
in the literature by various definitions given
to the concept. Thus, Marine Spatial Plan -
ning is „a process of public analysis and
allocation of spatial and temporal distri-
bution of human activities to marine areas
to achieve the ecological, economic and
social goals”. MSP is defined as „creating
and establishing a more rational organiza -
tion of the use of marine space and inter-
actions between its uses to balance de -
vel opment requests with the need to pro-
tect the environment and to achieve the
social and economic objectives in an open
and planned manner” (Douvere, 2008).
At the same time, it is recognized that Mar -
i time Spatial Planning (MSP) is an exten-
sion of land-use planning policies and in -
stru ments, first to the coastal area, de fined
as the land-to-sea area, for sustainable
coast al management, and, currently ap -
plied to the activities taking place at sea.

PESTEL Analysis
Traditionally, the PESTEL analysis is

used as a tool in the external analysis when
conducting a strategic analysis or under-
taking market research for businesses but
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it can also be used by organizations to stra -
tegically manage different projects. PESTEL
is an important tool used for market and
environmental analysis and to support stra -
tegic decision-making (Narayanan, 2001).

The PESTEL framework is an analytical
tool used to identify the key factors of
change in the strategic environment and
in cludes political, economic, social, tech -
nological, legal and environmental factors,
but other variants include PEST, PESTLIED
(including international and demographic
factors), STEEPLE (including ethical factors)
and STEEPLED (including educational and
demographic factors) (Johnson, 2008).

PESTEL analysis has different definitions
in the literature, such as PEST (Dare, 2006)
and STEPE (Richardson, 2006). The initial
form of PESTEL was first conceived by
Aguilar as ETPS (economic, technical, po -
litical and social). It was subsequently re -

organized as STEP for the Arnold Brown
Life Insurance Institute to be used in the
Strategic Trend Evaluation, which was later
modified to address the macro analysis
of the external environment or scan for
environmental change and it was defined
like STEPE. In the 1980s, the legal dimen -
sion was added to this approach (Richard -
son, 2006). In addition to a strategic ana-
lysis technique, PESTEL analysis has begun
to be used in various fields (Yüksel, 2012).

PESTEL, a complementary tool for SWOT,
extends the analysis of the external con-
text, analyzing in detail certain types of is -
sues that often have an impact on the im -
plementation of the project/initiatives. PES-
TEL is an acronym for six sources/change
factors/domains (Figure 1) that it takes into
account: Political, Economic, Social, Tech -
nological, Ecological and Legal (UNICEF
KE Toolbox).

Maritime Spatial Planning in The Black Sea

Figure 1 – PESTEL factors
(Source: Professional Academy 2017)
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•• PPolitical Factors: These factors determine
the extent to which a government can
influence the economy or a particular
field of activity. Political factors include
government regulations, such as envi -
ron mental laws and regulations, employ -
ment, fiscal policy, trade restrictions, po -
litical stability, democracy and the level
of corruption.

•• EEconomic Factors: These factors are de -
termined by the performance of an econ -
omy that has a direct impact on society
and produces long-term effects and in -
clusive economic growth, interest rates,
inflation and exchange rates.

•• SSocial Factors: These are factors that take
into account all the events that affect the
community or the area in which the pro -
ject is being conducted. These factors
analyze the social environment and in -
clude cultural exigencies/trends, norms,
dynamics and population demographics,
population health status, and so on.

•• TTechnological Factors: These factors
re late to technological innovations and
con cern the level of automation, re -
search and development, technological
awareness, etc.

•• EEnvironmental Factors: These factors in -
clude all factors that influence or are de -
termined by the environment, such as
climate, geographical location, natural
disasters, soil and subsoil characteris-
tics, renewable energies, soil pollution,
water sources, the atmosphere, global
climate change, etc.

•• LLegal Factors: These factors take into ac -
count all internal and external legal is -
sues in activity areas that affect project
implementation, such as employment,
taxation, resources, the environment, im -
ports and exports, etc.

In this paper, the PESTEL framework
will be used in a slightly different context,

namely, the main purpose of the analysis
will be to identify the factors that repre-
sent challenges or opportunities through
the implementation of the Maritime Space
Planning (MSP) project for the Black Sea
coastal area. In order to allow the creation
of a framework for the development of the
Black Sea Maritime Spatial Planning Plan,
which has a steering and regulatory nature,
the spatial and temporal distribution of cur -
rent and future activities and uses in ma -
rine waters should be taken into account.
The usage necessities for the various uses
of the maritime space (such as fishing, aqua -
culture, renewable energy, oil and gas ex -
ploration and exploitation, other energy,
minerals and aggregates, ecosystems con -
servation and Biodiversity, raw materials
extraction, maritime navigation, tourism,
un derwater cultural heritage, and so on)
(Di rective 2014/89/EU), as well as in creased
competition for the use of resources in ac -
cordance with development requirements
must be achieved with environmental pro -
tection and in accordance with national
legislation and policies.

The analysis of the PESTEL framework
for the maritime spatial planning project
in the Black Sea coastal area is presented
in the following section.

Pestel Analysis for MSP
Therefore, the PESTEL analysis is used

in this research to identify the changes
and effects produced by the multitude of
activities that must be harmonized at spa-
tial and planned sea level, to maximize the
benefits and opportunities and to minimize
the threats for the implementation of the
MARSPLAN project in the Black Sea.

PESTEL involves identifying the factors
in each of the six relevant areas for the
MARSPLAN Black Sea project (Table 1)
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Results and Discussion
Given the fact that maritime spatial plan -

ning is thought to be a cross-sectorial pol-
icy instrument that allows public authori -
ties and stakeholders to use a coordinat-
ed, integrated and cross-border approach

(Directive 2014/89/EU), the authors con-
sidered it necessary to carry out a PESTEL
analysis for key factors, namely political,
economic, social, technological, ecological
and legal components for the MARSPLAN
Black Sea project.
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The maritime development process,
which results in the development of a mar -
i time spatial plan or plans, is a process that
has to take into account the land-to-sea in -
teractions (Directive 2014/89/EU). De vel -
oping the Black Sea Maritime Spatial Plan -
ning is designed to plan the use of land and
coastal areas to promote the sustainable
growth of maritime economies, the sus tain -
able development of maritime areas and
the sustainable use of marine resources.

PESTEL’s analysis of the political, eco -
no mic, social, technological, environmen -
tal, and legal components of the MARS-
PLAN Black Sea project identified certain
types of issues that may impact on the im -
plementation of the project. A first result
of the analysis shows that there are inter-
dependence and interaction between the
analyzed domains. Combining multiple uses
of the marine area should, therefore, take
into account the opportunities and barriers
that prevent multiple uses in different con -
texts. Combining marine activities should
be done in such a way as to minimize local
impact and contribute to reducing global
human pressures on marine ecosystems.

Another identified outcome would be
that users need to show responsibility for
the society and the environment, and de -
cision-makers and policymakers, coastal
communities, NGOs, scientists and mari -
time businesses must make cost-effective

efficiency improvements of the marine re -
sources that are used.

As specified in some specialist studies,
planning recommendations addressed to
authorities focus on economic, social and
environmental issues in an integrated ap -
proach, giving them equal priorities, in sus -
tainable development of the area (Petriºor,
2016). Sustainability is a key factor, there-
fore, the sustainable development of the
Black Sea coastal area must be seen as a
multifaceted concept with four pillars (ec -
onomic, social, environmental and cultu -
ral) and several dimensions, including a
territorial one (Petriºor, 2014). Therefore,
in the context of sustainable development
of activities in the Black Sea and coastal
areas, local authorities need to encourage
investment, ensuring predictability, trans-
parency, easy regulation and clear en force -
ment rules. 

Identifying the changes and effects of
the multiplicity of activities to be harmo-
nized at spatial and sea level by imple ment -
ing MARSPLAN for the Black Sea will con -
tribute to the efficient management of mar -
i time activities and the sustainable use of
marine and coastal resources by creating a
coherent, transparent, sustainable and evi -
dence-based decision-making framework.

Conclusions
The first conclusion identified is that

com bining multiple uses of marine areas
will deliver significant benefits in terms
of economic, spatial and environmental ef -
ficiency.

The second conclusion is that both de -
cision-makers and coastal investors are
faced with the challenge of finding a bal-
ance between the benefit of economic
growth and the mitigation of the pressure
exerted by the activities developed on the
coastal environment.
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The findings from the PESTEL multi-cri -
teria analysis will be relevant to the MARS -
PLAN project regarding the creation of the
methodological framework for the elabo-
ration of the Black Sea Maritime Spatial
Planning Plan. On the other hand, the re -
sults will be useful to all stakeholders – ex -
perts, researchers, academics and institu-
tions relevant to maritime policy. The Les -
sons learned as well as the actions pro-
posed to implement any improvements
identified will provide recommendations
for future projector managers.

The authors intend to continue their
research work through a more in-depth
study of the impact of urbanization in the
Romanian Black Sea coast, its results being
able to respond to the way in which the
sustainable development of the area must
be addressed.
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The main research objective of this paper is to justify the benefits for the parties
involved in syndicated loans and to clarify the competitive advantages of this type
of financing. The question concerning the benefits and rewards of syndicated
loans is further developed in two directions: advantages for the companies and
benefits for banks participating in the distribution of financial resources. The
achievement of this objective requires a thorough analysis of the factors from the
point of view of demand and supply that determine the attractiveness of the choice
of syndicated lending. The analysis and results of the study are addressed to the
specialized academic community, practitioners, banking experts and market
analysts. The publication of the results of the analysis can help to achieve practical
benefits and realize the added value by reducing costs, penetration of new market
segments, attracting new clientele, realizing income from the provision of addi-
tional services and portfolio diversification. The key contribution of the paper is to
clarify the factors that make syndicated loans attractive. The review of the literature
on the studied issues and the analysis of secondary data from the Thomson Reuters
data bases provide an opportunity to out-
line current trends and describe the es sen -
tial challenges facing their development
in the post-crisis period. The analyses of
the sectoral and regional profile of syndi-
cated loans can provide valuable infor-
mation that can serve as an indication
or reference to rethink some imposed
stereotypes on the global market of syndi-
cated loans.
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of syndicated loans, banks,
bank loans
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Introduction
Unlike the traditional bilateral bank

loans, a syndicated loan is provided by a
group of creditors united in the so called
bank syndicate and is managed by one
or several banks-leaders of the syndicate.
The main terms and conditions for the
provision of the loan are negotiated bet-
ween the borrower and the bank leader
chosen by the borrower, also called a Man -
dated Arranger. Upon completion of the
negotiations, the Bank receives a mandate
to provide financial resource and invites
other banks to participate in the financing.
It is believed that the syndicated loans ori -
ginated and developed in the London City
in the 1960s by relatively few commercial
banks with limited balance indicators, but
serving large and important clients. In view
of their limited capabilities, these banks
have not been able to provide the neces-
sary borrowing resources to the customers
entirely at their own expense. However, this
did not represent a significant barrier to their
customer relationships as they pro vided the
resource by attracting other banks that a -
greed to participate in the financing after
the main parameters of the loan have al -
ready been negotiated by the bank-initia-
tor (Fight, 2004). The provision of large
leverage-buyout (LBO) loans in the mid-
1980s turned the syndicated loan market
into a dominant channel for companies to
access banks and other institutional pro-
viders of financial resources. The reason is
simple – syndicated loans are both cheaper
and more efficient for administration than
bilateral loans and credit lines (Miller, 2011).

The argument for the attractiveness of
syndicated loans could develop in two di -
rections – demand-side benefits (i.e. for
the borrowing companies) and benefits
for the participants in resource placement.

Undoubtedly syndicated loans represent
an alternative to public funding for large
corporations. They provide banks with the
opportunity to compete with public debt
markets in the placement of large resour -
ces to borrowers. In this respect, Coffey
(2009) defines the syndicated loans as a
convenient external financing tool that al -
lows relatively quick and flexible access to
resources in exchange for or complement -
ing the traditional sources of capital – stocks
and bonds. The factors that determine the
attractiveness of syndicated loans and the
reasons for the borrowers’ preferences for
them are multilayered. 

One of the possible reasons for choos -
ing the syndicated format is related to the
cross-border nature of funding, which al -
lows to overcome the existing restrictions
in the local financial legislation, especially
in cases of concluded deals with borrowers
form the third-world. The borrower’s ability
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to attract cross-border resources gives him
an exceptionally favorable opportunity to
be independent from the local market fi -
nancing conditions and to attract financial
resources on more favorable terms. An -
oth er legitimate reason can be rooted in
the technology of provision and in the ser-
vicing mechanisms of the syndicated loans.
It is well known that they are unified in
terms of granting of resource and payment
of loan instalments, which are usually made
through a Agent bank. This saves transac-
tion costs for borrowers related to servicing
the instalments as compared to the option
to use several bilateral loans from different
banks. In addition, operating costs reduc-
tion is achieved because the terms and con -
ditions of the loan are negotiated with the
arranger bank and no rounds of negotia-
tion are required with each individual par -
ticipant in the financing.

From the borrower’s point of view, the
syndicated loan can be considered as a for -
mal substitution of the processes of nego -
tiation and signing of a series of separate
agreements with multiple creditors. In this
line of reasoning, the main advantages for
the borrowers are related to the reduction
of the administrative procedures, the faster
finalizing of the deal and simultaneously
obtaining the total necessary resource com -
pared to bilateral crediting. Given the ad -
vantages of syndicated loans to the tradi-
tional for the banks bilateral loans, it can
be summarized that they lead to a reduc-
tion in transaction and administrative costs
due to the fact that the borrower does not
have to enter into credit relationships with
many banks. On the other hand, however,
the borrowers have the opportunity to es -
tablish new useful contacts with individual
participants in the syndicate, which could
offer additional services in areas where
they have competitive advantages. It seems
paradoxical, but the syndicated loans sim -
ultaneously save costs from establishing
re lationships with a limited number of cre -
dit institutions, while at the same time the
borrowers are not deprived of the oppor-
tunity to realize added value from poten-
tial new contacts and use of additional ser -
vices by the syndicate members.

Discussion
The traditionally discussed and the most

frequently mentioned advantage of the
syndicated crediting is that it provides an
opportunity for the mandated arrangers to
share the risk with the other participants
in the bank syndicate. Such risk sharing,
however, is valuable if the banks them-
selves are funded by imperfect financial
markets and have to use expensive exter-
nal resources (Froot, Stein, 1998).

Business Through the Syndicated Loan
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For credit institutions that can be proud
with realizing deals with relatively high in -
terest rate spreads, it can be assumed that
they will not be particularly intrigued by
participating in a syndicated crediting. In
reality few banks find themselves in such
a situation. Considerably more are those
who have temporary surpluses of large re -
sources or do not generate a sufficiently
high interest spread from their core busi-
ness. They would prefer the syndicated
loans in order to raise their net interest
in come. Particularly with respect to the
banks – regular participants, the syndica-
ted loans favors the achievement of this
objective also through the minimal ope-
rational costs of transaction administration
normally borne by the leading banks. 

The syndicated loans are an alternati-
ve to the traditional bilateral loans when
the banks are targeting growth or looking
for opportunities to dispose of potential
surplus resources. The syndicated loans
are also used to improve the return and the
credit quality of the bank loan portfolio
(Howcroft, Kara, Marques-Ibanez, 2014).
A number of studies highlight the factors

that determine the attractiveness of choos -
ing syndicated loans for banks that ensure
the resource placement. The results of these
studies indicate that the syndicated loans
can be used by the banks-leaders to alle-
viate the regulatory capital constraints
(Hub bard, Kuttner, Palia, 2002). Dennis
and Mullineaux (2000) view the syndica-
ted loans as an effective tool for portfolio
diversification. 

An axiomatic assertion in the financial
theory is that if a bank has a well-balanced
and skillfully diversified portfolio, even tual
losses caused by a separate loan transac-
tion will affect negatively the realized pro-
fit, but will not threaten its solvency. In
return for taking a relatively low risk of
concentration of borrowed resources in
their portfolio, the creditors will be willing
to receive lower returns and will therefore
be prone to provide loans at terms and
con ditions more advantageous to borro-
wers (Mitchell, 2007). Other authors also
share such an argumentation, but at the
same time note that this applies to a greater
extent to the small banks – regular mem -
bers of the bank syndicate (Sufi, 2007; Esty,
Megginson, 2003; Altunbaº, Gadanecz, Kara,
2005). By participating in syndicated loans,
they achieve the so much desired diversi -
fication of their loan portfolio by lending
to large borrowing companies, with which
ceteris paribus these banks would not oth -
erwise have credit relationships. 

In fact, the participation itself of small
banks in syndicated loans facilitates the
development of a new business segment,
respectively for attract new customers. This
would result in a lot of advantages not only
from the point of view of the opportunity
to penetrate into a new market, but also
to offer competitive services to the newly
attracted clientele that will „infuse” addi-
tional profitability from credit activity.
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The individual banks have different
com petitive advantages such as experi-
ence and expertise in specific sectors and
industries. Completely logically, the design
of their portfolio should focus on expo-
sure to those niches, which have the ne -
ces sary knowledge and experience to im -
plement effective risk management, which
in turn guarantees the peace of sharehol-
ders. Such risk-averse behavior, however,
excludes the possibility of the bank pen-
etrating into fields and/or areas, in which
it feels uncomfortable due to lack of ex -
pertise. 

In some of these areas, however, the
mar ket conjuncture may allow for the rea -
li zation of higher spreads, which are not
necessarily connected to taking a higher
risk. Voluntary deprivation of the opportu -
nity for realization of a higher margin puts
the bank in an unfavorable competitive
po sition. The participation in syndicated
loans, however, can successfully overcome
the objective limitation of specialization in
the expertise of most of the banks. They can
acquire such exposures, by which to avoid
the unhealthy concentration of loan port -
folio in individual sectors and industries.
Thus, on the one hand, the syndicated

loans allow for the optimization of the
realized spreads through flexible acquisi-
tions or sales of bank assets, to optimize
spreads and, on the other hand, to achie-
ve the equilibrium by diversifying assets,
which is vital for each investor. In the end,
the chain effect can be described as an at -
tempt to strike not two, but rather three
extremely valuable targets: attracting new
clientele, providing additional services
(resp. increase profitability) and portfolio
diversification.

The close relationships between a bank -
er and a client are very favorable from the
point of view of the efforts of the bank for
risk reduction, more effective competition
with the direct financial markets, value gen -
eration to borrowers and creditors and in -
creasing the net profits. From this position
syndicated loans are very different from
the traditional „client-bank” relationships
of the bilateral loans. However, they have
better competitive advantages with regard
to the direct capital raising from the fi nan -
cial market (Howcroft, Kara, Marques-Iba -
nez, 2014). 

Another major advantage of syndica-
ted loans compared to the bilateral bank
loans is the possibility of a secondary trade.

Business Through the Syndicated Loan
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The secondary market provides an option
for banks to place syndicated loans in their
portfolios or parts of them to other inves-
tors. The condition for secondary trading
is the existence of a clause in the credit a -
greement that allows the transfer of claims
to other creditors. The standardization of
documentation is a primary factor in faci-
litating the secondary sale of syndicated
loans. Particularly useful for improving the
liquidity of this specific market are trading
standards introduced by specialized pro-
fessional bodies such as the Loan Market
Association (for Europe) and the Asia Pa -
cific Loan Market Association (for the USA,
Asia and the Pacific region).

The syndicated loans expand borrowing
by allowing institutional investors to partic -
ipate directly in financing loans that banks
create instead of indirectly financing the
banks (Ivashina, Scharfstein, 2010). The
demand by the large holders for liquid re -
sources provides a relatively high degree
of liquidity for this type of assets. Although
the shares in syndicated loans held by the
banks are not comparable in terms of li -
quidity to the treasury bills, for example,
they are certainly much more liquid than
standard bilateral loans. The banks are in -
creasingly utilizing the option of secondary
placement, resulting in a significant increase

in the volume of secondarily traded syndi -
cated loans during the first decade of the
new century (Howcroft, Kara. Marques-Iba -
nez, 2014).

The analysis of the advantages and gains
of banks, involved in the providing of syn -
dicated loans, should be considered in the
light of the specific roles assigned to banks
in the syndicate hierarchy – bank – leaders
of the syndicate and banks – regular partic -
ipants or lower level managers (Gadanecz,
2004). In particular, the leading motives for
the participation of the bank – leaders in
the syndicate can be summarized as fol-
lows:
•• allocation of credit and liquidity risk a -
mong a larger number of participants in
the financing;

•• avoid the overexposure of a borrowed
resource in a separate credit transaction,
in accordance with the criteria for ac -
ceptable internal or regulatory norms
and limits for risk concentration;

•• the realized revenues from management
fees for syndicated loans contribute to
increasing the profitability of the bank ing
activities and for diversifying the sour ces
of revenues;

•• for most banks – leaders, which uphold
their market-maker reputation, syndi-
cated loan management is a matter of
paramount importance for the corpo-
rate image.
The role of banks – regular participants

in the syndicate composition is quite differ -
ent from that of the arrangers. Their bene-
fits are also of a different nature, given their
participation primarily as resource provi-
ders. Participants from the second level
in the hierarchy typically have a different
regional affiliation and they comprise of
smaller credit institutions with relatively
modest international lending experience
(Gadanecz, Kara, Molyneux, 2012). From
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the point of view of the banks – regular
par ticipants, their participation in the bank
syndicates is provoked by:
•• their limited capabilities to expose sig-
nificant resources in a single loan tran-
saction;

•• the ability to penetrate new market ni -
ches, industries or geographic regions;

•• the ability to avoid or reduce operatio-
nal and transaction costs;

•• opportunities for increasing the profit a -
bil ity of additional services provided to
the borrower such as cash management,
investment consulting, currency trade
transactions, trust management, etc.
The one-sided focusing of the analysis

on the benefits of syndicated loans would
be incorrect and incomplete unless some
critical factors influencing their attractive-
ness are marked. It is widely known that
large high-ranking companies usually have
the „luxury” of a direct access to financial
market investors and the „privilege” to
re ceive cheap resources on the provided
standard bank loans (their so called
„plain-vanilla” loans). This is not the case
with the so-called „Leveraged issuers” (bor -
rowers with a relatively higher risk rating).
Banks’ estimates of the assumed risk are
influenced by the complexity of the tran-
saction, the current market conditions, and
whether the loan is underwritten. Loans
for mergers and acquisitions (M&A), re -
capitalization, restructuring and exit loans
are probably among those with the highest
risk status. 

In the course of the formation of the
syn dicate, the mandate bank examines the
market carefully, analyzes the attitudes of
pre-selected investors, while at the same
time tries to make a delicate, but highly
accurate measurement of their „appetite”
for resource supply. Based on the results of
such a survey, the arranger strives to ne go -
tiate the loan with corresponding spreads

and fees, which are in a price balance with
the demand and the supply on the market.
However, the Russian debt crisis in 1998
imposed some changes in the conduct of
the arrangers. They began to adopt a more
flexible market approach, which allows
them to make ongoing changes in pricing
of the loan depending on the investor de -
mand or to transfer resources between dif -
ferent tranches. The flexible conditions
made loans look more attractive – espe-
cially with respect to changes in pricing,
which are connected with market moods
and investor reactions (Miller, 2011). 

There are also a number of other cir -
cum stances, which require the adoption of
restrictive measures on the leverage loans.
For example, if the loan is unsecured, prob -
ably a restrictive measure will be imposed
on the ability to provide collateral for other
loans (the so called „negative pledge”).
Moreover, the borrower is usually depri-
ved of the right to change their business
area or to transfer activities to their own
subsidiaries that are separate legal entities
without the written consent of the creditors.
Different types of financial restrictions can
be imposed and they can be included as
covenants in the credit agreement. The
cov enants serve as an instrument for guar -
anteeing the interests of the banks. 

Business Through the Syndicated Loan
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They impose clearly defined limits, pro -
hibitions and different types of restrictions,
which the borrowers are obliged to ob -
serve until full repayment of the loan (Dass,
Vikram, Wang, 2011). The financial re stric -
 tions may affect different indicators, reflect -
ing the net value, the total indebtedness,
the sum of the short-term assets and the
short-term liabilities, the pre-tax profit and
the dividend payments to the shareholders.
A survey of the US syndicated loan market
in the period 1996-2010 ascertains the pres -
ence of more than 80 different covenants in
the credit agreements (Freudenberg et al.,
2012). Restrictions can also be envisaged
with regard to the possibilities for attracting
additional loan financing.

Post-Crisis Projections 
The evolution of syndicated loans is

marked by peaks and falls, but is gene-
rally characterized by a „mirror image” of
the economic reality and the market con-
juncture (Chui et al., 2010). The global
crisis has hit the most the export-oriented
companies, which have suffered order can -

cellation, and their current financial status
has been heavily affected by late payments
for deliveries made (Malouche, 2009). More -
over, not only the reduced demand, but also
the falling commodity prices, which is a
com mon phenomenon during an econom-
ic downturn, led to significantly lower lev -
els of necessity for cash resources for com -
panies to finance a unit trade volume. This
affected the credit demand, which in turn
has led to a dramatic decline in the volume
of syndicated loans that are mainly used
for short-term financial needs of resources
by commercial companies (Chui et al.,
2010). The collapse in the global trade has
led to a decline in the gross capital flows,
a reverse movement of capital flows bet-
ween the developed and the emerging
mar kets and a decline in the international
bank lending (Cetorelli, Goldberg, 2011).
In many countries, the banks sharply res-
tricted the credit supply (Aisen, Franken,
2010). This prompted companies with cre-
dit constraints to reduce the investments
(Duchin, Ozbas, Sensoy, 2010), which in
turn helped spread the crisis from the fi -
nancial to the real sector of the economy.
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The post-crisis period started with the
lowest volume of syndicated loans granted
registered in the past decade – a little over
$ 1.8 trillion USD in 2009 (for comparison
in the pre-crisis 2007 the sum reached up
to $ 4.8 trillion USD – record-breaking
then). The trend towards a smooth reco-
very was undermined by a marked decline
in 2012 and a pronounced new downward
tendency in both the volumes and the
num ber of transactions concluded over
the last two years of the survey period (Fi -
gure 1). In this figure primary axis is Pro -
ceeds USD billion and secondary axis is
Number of Deals. At the same time, varia -
ble values of the indicator „average amount
of disposed resources in a single transac-

tion” were observed – from 336 million
USD in 2009 to 441 million USD in 2015
and 365 million USD in 2016.

Analyzing the chronology of changes
in the volumes of the syndicated loans
granted in a regional cross-section, it can
be clearly observed that the post-crisis
recovery does not happen in the same sce -
nario on the different markets. Although
in 2009 Europe and the United States start -
ed with almost equal positions (even with
slight predominance of Europe), only two
years later the syndicated loans across the
Atlantic doubled as a relative share of those
on the Old Continent (Figure 2) (Pro ceeds
US$ billion).
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Figure 2 – Global Syndicated Loans by Regions)
(Source: Thomson Reuters Global Syndicated Loans Review, 2009–2016)

Table 1 presents current data on the
re gional profile of the global syndicated
crediting in 2016 by number of conclud-
ed transactions, volume of resources pro-
vided and market share of regions and
individual countries. This data shows that
the America, and the USA in particular,
play the role of a hegemon with the lar-
gest market share of deals concluded and
resources provided. Europe ranks second

in market share in 2016, but falls signifi-
cantly behind both in the number of deals
concluded and in the volume of resources
provided to the global leader – the USA.
The resource attraction in the Eastern Eu -
ropean countries can be estimated as very
weak. The registered differences in the in -
dicator „average amount of resource sold
in a single credit transaction” (in the last
column of Table 1) are impressive. 
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Results with considerable amplitudes
bet ween regions are observed, while the
average value of this indicator for the glo -
bal syndicated loans amounts to 441 mil-
lion USA. There is more than a 6.8-fold dif -
ference between the lowest and the highest
value of this indicator. The average amount
of the transactions in the region of Africa,

Eastern and Central Asia is the largest, while
the lowest amount of resources provided
are the syndicated loans in Japan with an
average value of 117 million USD. At the
same time, however, the activity of a given
market can be judged by the indicator
„number of concluded deals”, according
to which Japan is ahead of Europe.
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Table 1 – Regional Comparative Profile 
of the Global Syndicated Loans in 2016

The data on the intended purpose of
the syndicated loans and their sector pro-
file can provide valuable information for
the analysis of the post-crisis projections
on the European syndicated loan market.
Table 2 show Syndicated Loans by Use of
Proceeds and by Industries in Europe, Mid -
dle East and Africa (EMEA Region). The syn -
dicated loans are provided not only for in -
vest ments in real assets but also for high ly

cyclical restructuring activities such as le -
verage buyouts, merger and acquisitions
and stock repurchases. The demand for
such type of loans is weaker during fi nan -
cial crises. Less cyclical loans are consid-
ered those that are designated for invest-
ment in real assets – for example, for gen -
eral corporate purposes or working capital
(Giannetti, Laeven, 2011).
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A comparison of the sectoral profile of
the syndicated loans between Europe and
the significantly more dynamic American
market shows that there are some diffe-
rences. On the American market in 2016,
the loans in the fields of „Healthcare” and
„High Technology” have significantly hig-
her relative shares than those in Europe –
8% and 11%, respectively. The loans for
„Materials” and „Consumer Staples”, which
in Europe together make up 26% of the
volume in 2016, in North America are twice
smaller a relative share – only 13%. Such
differences in the relative shares of the
fund ed industries are indicative of the
great er progress in the providing of reso-
urces to priority and high-technology sec -
tors over the Atlantic.

Conclusions
The syndicated loan market is consid -

ered an important component of the in -
tegration of the financial markets. Over the
last decade, the multinational banks used
syndicated loans as a tool for expanding
their international business. This has turned
the global syndicated loans into an im por -
tant factor for stimulating the economic
activity and the global economic develop -
ment. The syndicated loans differ from tra -
ditional bank loans with atypical „lender-
borrower” relationships. The syndicated
loans provide a number of advantages for
both the users and the banks, providing
the financial resource. The companies-bor -
rowers consider the syndicated loans as a

Business Through the Syndicated Loan
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Table 2 – Syndicated Loans in EMEA Region
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good opportunity to secure favorable fi -
nancing as an alternative to public fi nanc -
ing. The attractiveness of the syndicated
loans to the borrowers is complemented
by such key factors as reducing the admi-
nistrative and the transaction costs, greater
operational efficiency and overcoming of
possible financial restrictions at national
level. The benefits for the participants in
the bank syndicate can be systematized as
follows: risk sharing, overcoming regulato-
ry capital restrictions, an ability to pene -
trate new market niches and segments, bet -
ter structured and diversified loan portfolio
and an opportunity to realize additional re -
turns. At the same time, it should be noted
that, especially in the case of leveraged
loans, the banks are striving to compen-
sate the increased risk status by applying
different types of restrictive measures and
covenants in the loan agreements.

The analysis of the volume of the grant -
ed syndicated loans in a regional cross-
section ascertains that the post-crisis re -
covery does not follow the same scena-

rio on the different markets. It was found
that in the period 2009-2016 the syndicated
loans across the Atlantic were considerably
higher than the relative share of those on
the Old Continent. The results of the ana-
lysis of the target profile of the syndicated
loans and the sectoral affiliation of the bor -
rowers reveal the relative share of the loans
designated for financing of pro-cyclical ac -
tivities and the share of those used to fi -
nance industries and activities with less pro -
nounced cyclicality of the demand. The sec -
toral analysis of the syndicated loans in
Europe showed that there are differences
in the relative shares of the loans for the
different industries compared to those on
the American continent, where more re -
sources are provided to priority and tech -
nological sectors than to pro-cyclical areas.
It could be summed up that the post-crisis
projections of the syndicated loan market
outline symptoms, which do not renounce
the possibility that the global financial sys -
tem enters a new spiral of recession.
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Optimization is the fact of enhancing a running system without the need to inter-
rupt the real-system. Improvement of a concurrent complex industrial system such
as healthcare should be highly considered in order to increase the satisfaction of
three factors: patient, management and resource. A new reward system is defined
in this work as part of optimization. Using simulation, a close optimal solution can
be achieved. The reward system is generic and can be applied to any industrial
system with queueing theory. A new optimization algorithm, MRA, is also proposed
for the first time in order to define best resource allocation.

Keywords: disaster events, healthcare, optimization, reward system, satisfaction factors.

Introduction
Satisfaction in healthcare is an important measure but hard to be defined. Xesfingi

and Vozikis defined satisfaction to be the provider’s success at meeting clients’ ex -
pec tations (Xesfingi, Vozikis, 2016). In any
industry, customer’s satisfaction is related
to the quality assessment and delivery of
service. Customers tend to express inten-
tions in positive ways such as praising and
preferring the company over others (Zeit -
haml and Bitner, 2000). For example, in
healthcare systems, patient satisfaction is
fun damental for enhancing hospital’s image,
which in turn translates into increased ser -
vice use and market share (Andaleeb, 1988)
and therefore leads to management satis-
faction. Another dimension can be consid -
ered an important level of satisfaction, em -
ployee satisfaction. Well treating customers
and delivering the service with the expected

„All too often, 
a successful new 
business model 

becomes the business
model for companies 

not creative.”
Gary Hamel
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level of care leads to customer’s satisfaction.
System overall satisfaction can be achieved
only if the employee is also highly satisfied
(Naidu, 2009).

Optimization is the fact of enhancing a
running system without the need to inter -
rupt the real-system (Cabrera et al., 2012).
In this work, the improvement of complex
industrial systems is based on the satisfac -
tion of three factors: customer, manage-
ment and staff. A new generic maximum
reward system, ℜ, is defined in this paper
in order to improve any industrial work-
flow with a queueing system such as
banks, theatres, etc., including healthcare
during disaster events. All equations are
original and defined for the first time.

The reward system is defined by

(1)

Where, 

•• F1 = customer satisfaction factor
•• F2 = management satisfaction factor
•• F3 = staff satisfaction factor

•• W1 = the weight of importance of cus-
tomer

•• W2 = the weight of importance of man -
agement

•• W3 = the weight of importance of staff

The weight of importance reflects which
satisfaction factor is mostly affecting the
reward system defined. The factor with the
highest weight is the one of high priority
and should be first considered while en -
hancing the system. The percentage of sat -
isfaction can be improved by changing,
re-allocating or adding resources. Re sour -
ces are referred to as the employees serv-
ing customers. The system number out
should be also increased in order to in -
crease revenue and thus increase manage -
ment satisfaction. Usually, customer satis-
faction is a factor of total waiting time or
Length of Stay (LoS) and the level of care
received. The less the average waiting time
the customer spends in the system, and the
higher the level of care received, the hi -
gher F1 can be. As for management satis-
faction, F2, it is a factor of profit/revenue.
Employee satisfaction, F3, is a factor of util -
ization rates and workload. Weights can be
assumed or predicted from observations
and site visits and exact values can be cal -
culated based on management decisions.
The weight of factors is based on the com -
pany’s preferences. 

This work is organized as follows: In
Section 1, the reward system is defined. In
Section 2, related work is presented. Cus -
tomer, management and employee satisfac -
tion are illustrated in Sections 3, 4 and 5
res pectively. The application of this re ward
system to healthcare is illustrated in Sec -
tion 6. Workflow optimization algorithm is
presented in Section 7. Finally, conclusion
and future work are presented in Section 8.
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Related Work
Emergency Departments (ED) being

com plex and 24/7 busy units invade the
literature with the need for simulation in
order to study its flow of operations. Ne -
ver theless, previous studies include normal
flow and few only covered the disaster
con ditions. ED simulations during catas-
trophe events are very limited. Xiao pre-
sented a workflow optimization during a
disaster event (Xiao, et al., 2012). Another
study was presented during a terrorism
case where different arrivals to the ED were
analyzed using DES modelling (Joshi, Rys,
2008). Patvivatsiri studied the patient flow
and resource utilization rates during a bio -
terrorist attack; an appropriate resource al -
location was determined accordingly (Pat -
vi vatsiri, 2006). Another study focused on
examining the advantages and efficiency
of suggesting different scenarios during the
triage stage and evaluating their effects on
saving lives during an earthquake disaster
case (Cao, Huang, 2012). The study of the
ED operations during catastrophe condi-
tions was also modeled using different other
scenarios (Al-Kattan, 2009). Gul and Guneri
showed in their work the importance of
sim ulation for disaster preparedness of EDs
(Gul, Guneri, 2015). From these bunch of
studied performed earlier in the literature,
simulation modeling was the best way to
improve the ED performance during un -
ex pected and disaster cases. Therefore, the
new contribution of this paper is presented
in the coming sections where simulation is
used to prove the efficiency and effective -
ness of the work.

Customer Satisfaction
The customer satisfaction, F1, as de fined

earlier, is a factor of the average waiting
time in the system from the time a customer
arrives until the customer exits the system

along with the level of care received. Cus -
tomer satisfaction is represented by: 

(2)

Where,
•• x = the average level of customer’s LoS
in the system

••

•• η1 + η2 = 1

•• η1 = 1 – η2
•• η2 = customer-employee medical rela -
tion ship

•• η2 is affected by the culture and utiliza-
tion rate of employees. In some cultures,
employees treat customers in a very
good way regardless of their utilization
rates; other employees are negatively
affected by their high workload and
therefore badly affect the way they treat
customers

•• Actual LoS is the current LoS customers
experience in the real system

•• Expected LoS is the maximum length of
stay a customer spends in a normal sys-
tem flow

Healthcare Satisfaction in Catastrophic Conditions
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Management Satisfaction 
The management satisfaction, F2, repre -

sents how much revenue is the company
making out of this business. Increasing
man agement satisfaction means an in crease
in the net profit. It is depicted in the equa -
tion below:

(3)

Where,
•• Revenue is system gain from each cus-
tomer regardless of the cost paid

•• Revenue = k * Payment
•• Payment = money the customer spends
in the system

•• k = number of customers arriving at the
system 

•• Profit is the net profit the system achieved
after paying all expenses for human re -
sources, equipment, material, etc.

•• Profit = Revenue – Total Expenses
•• Total Expenses = salaries, material, equip -
ment maintenance/replacement

In order to reveal these values, meetings
with management are necessary where
exact figures can be deducted. Thus, the
proposed model under study can be ap -
plied by decision makers in case the net
profit is attractive and simulation outputs
can be relied on for enhancement of the
real-life functioning system.

Employee Satisfaction
Employee satisfaction reflects how much

employees are happy with their daily jobs.
This includes the pay and workload. In
order to increase employee satisfaction,
utilization rate should be decreased, and
wage should be increased. Employee sat-
isfaction, F3, is represented by the equation
below:

(4)

Where m = a number of different cate -
gories of employees

Each industrial system has different cat -
e gories of employees in order to deliver a
certain service (such as receptionist, actual
workers, transporters, etc.). The satisfaction
of each category is defined by fn, where fn
is defined by:

Where, 
•• ∆n = a certain category of employees

•• k = number of employees in the same
category ∆

•• X = the balance between pay and work -
load for an employee belonging to the
same category ∆

•• Xi = (W1 * pay) – (W2 * workload) 
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•• W1 + W2 = 1
•• pay = (actual pay) / (maximum pay)
•• Workload = (actual workload) / (maxi -
mum workload)

Since each category of employees can
include several workers responsible for the
same role then,

Application to Healthcare
In healthcare, systems are very complex

and suffer from high bottleneck especially
the emergency department (Liu, Z. et al.,
2015). This bottleneck imposes the need
to review ED operations and try to find a
way to improve the flow without the need
to interrupt the real system. As per literature
on EDs, resource re-allocation/scheduling
and adding extra resources is one way to
alleviate the bottleneck, improve the system
and optimize the workflow (Yang, K.K.
et al., 2016). Applying the reward system,
ℜ, suggested in previous sections, will lead
to a study of three important factors in or -
der to measure the level of satisfaction in
the ED: Patient satisfaction, Management
satisfaction and Medical human resource
satisfaction.

For this studied ED there are different
types of human resources operating in the
system and serving patients. The non-hu -
man resources referred to as „facilities” are
implicitly taken into consideration when
changing the level of resources available.
For example, suggesting an addition of
doc tors in the ED in order to improve the
flow indirectly means increasing the num -
ber of „facilities” used by these doctors
needed to deliver the task. The resource

type „facilities” is everything needed to de -
liver care to an arriving patient such as
beds with all its accessories, medication,
medical devices, cotton, syringe, etc. Hu -
man resources fall under eight different
categories: Doctor, Registered Nurse (RN),
Nurse, Transporter, Receptionist, Tech ni -
cian, Accountant, and Physician. As per ta -
ble 1, each category type includes a differ-
ent number of resources allocated.

This reward system is applied to an
emergency department in Lebanon during
catastrophe events. The hospital is a med-
ical legacy based on more than half a cen -
tury of experience and is considered a
non-profit health institution recognized
as a public utility foundation since 1952.
It contains almost 200 beds, distributed in
different units and covers most of the med -
ical and surgical specialities. Its emergency
department is open 24 hours a day and
serves more than 40,000 patients a year.
Arrivals are modeled with an average ar -
rival rate estimated based on a database of
48 weeks from August 2015 to August 2016.
Catastrophe events are disaster con ditions
such as an earthquake, an epidemic sea-
son, a terrorist attack, etc. It is de fined from
equation (1) by:

ℜc = W1c * F1c + W2c * F2c + W3c * F3c



68 FAIMA Business & Management Journal

From interviews with management, the
weight Wic of each Fic during catastrophe
events is found to be: 

W1c = 0.85 W2c = 0.12 W3c = 0.03

This means that the main priority in ca -
tastrophe cases is to save as many lives as
possible and make sure patients exit the
system in order to leave the room for other
victims. Thus, the weight of patient satis -
fac tion factor, W1c, is 85%. Still, management
satisfaction should be considered otherwise
decision makers will not be interested in
enhancing their systems in order to coop
with such disaster events. Thus, the weight
of management satisfaction factor, W2c, is
12%. Which leads to 3% for the weight of
resource satisfaction, W3c, since W1c + W2c +
+W3c = 1. The utilization rate of medical re -
sources is definitely very high during such
conditions due to the high patient surge
and decreasing their workload is not a pri -
ority here.

Patient Satisfaction Factor: F1c is a
factor of system number out. Therefore,

the system number out must be maximized
in order to guarantee that the maximum
number of patients is staying alive and ex -
iting the system. The proposed equation
for F1c is: 

F1c = the rate of departure/rate of arrival

Where,
•• the rate of departure = number of pa -
tients leaving/interval of time 

•• the rate of arrival = number of arriving
patients/interval of time

•• number of patients leaving = system
num ber out

•• number of arriving patients = system
num ber in

Using the outputs resulted from Arena
simulation of this studied ED during ca tas -
trophe events (refer to table 2), patient sa -
tisfaction factor is found to be: F1c = 2.43%.
This is a disaster measure and needs high
consideration during optimization. The
high surge of patients during catastrophe
events explain this low satisfaction factor.

Soraia Oueida, Yehia Kotb, Sorin Ionescu
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Management Satisfaction Factor: To
calculate management satisfaction, total ex -
penses and revenue should be calculated:
•• Total Expenses = Salary Expenses + Fa -
cility Expenses (refer to table 6)

•• Revenue = consultation fee * number of
system out

•• The value of η varies from a hospital to
another. The more medical resources
are appointed for a service, the more
facilities are needed to accomplish a cer -
tain task; thus, the correlation between
the Expenses (resulting from human re -
sources) and the Facility Expenses (re -
sult ing from the resource type „facili-
ties”). After several observations and in -
terviews with medical resources in the
ED, the values are found to be: η2 = 0.3
and thus η1 = 0.7 since η1 + η2 = 1.

•• Consultation fees = $35

As per Arena simulation, system num-
ber out before optimization is found to be
489 patients (refer to table 2). Therefore,
F2c = 32.37%. This is also a low satisfaction
measure and needs to be considered du -
ring future optimization.

Resource Satisfaction Factor: „Ac -
tual load” are values resulted from the
simulation with Arena and are used to cal -
culate the resource satisfaction factors of
the eight different resources in the system
during catastrophe conditions. The „maxi -
mum load” is considered 80% as per in -
terviews with the hospital’s resources and
management observations. The values of
the eight satisfaction factors are depicted
in table 3 using the equations already de -
fined before.

Healthcare Satisfaction in Catastrophic Conditions

Table 3 – Resource satisfaction factors

After calculating the eight measures of
the resource satisfaction factor, F3, it is ob -
vious that during catastrophe events, doc -
tors, RNs, nurses and transporters are the
highest affected resources (very low satis -
faction measures) and thus need to be en -
hanced accordingly for a better perform -
ance of the system. It is normal that phy -
sicians, technicians (responsible for the
extra facilities, such as imaging) and re cep -
tionist and accountants (responsible for

billing) are not highly affected since pa -
tients are not reaching those stages and are
stuck in previous stages such as triage,
di ag nosis, treatment, etc.

Therefore, F3c = 37.81%.

Also, F3c is a low satisfaction measure

and should be taken into consideration
for future improvement; keeping in mind
that the lowest satisfaction factor was F1c
and needs to be highly prioritized.
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Calculating the Reward System.
Using the calculated satisfaction factors
from the previous sub-sections, the reward
system for catastrophe case is equal to:
ℜc = 7.08%. Based on management per-
spectives, this low value of the reward sys -
tem is undesirable and thus the system re -
quires urgent improvement. This is due to
the surge of patients arriving at the ED dur -
ing catastrophe events. The current ED sys -
tem is extremely unprepared for such e -
vents. In Section 7, a new optimization al -
gorithm is suggested in order to suggest
better resource allocations and prepare the
ED to such events.

Optimization Algorithm: MRA
The Maximum Reward Algorithm (MRA)

is an original optimization algorithm pro-

posed for the first time in order to en -
hance any industrial system. It is a new
way to target the satisfaction of three fac-
tors: Customers, Management and Em ploy -
ees. This algorithm was previously applied
by the authors to the same emergency de -
partment during normal flow (Oueida, et
al., 2018). This algorithm is generic for any
type of systems with queuing behaviour
and it is a reward system-based in which a
reward is calculated before and after op ti -
mization. MRA is applied to our studied ED
in order to enhance the flow of operation
and maximize the reward system, ℜ, during
disaster conditions. The MRA flowchart for
the normal flow of operations is repre-
sented in figure 1 where all steps to be fol -
lowed in order to reach the final result and
the near-optimal solution are presented.
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Figure 1 – MRA Flowchart
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Some variables used for the algorithm
are:
•• The first type of resource to start the al -
gorithm with is the one causing the bot -
tleneck in the ED

•• The next type of resource is the one
with the less wage

•• The threshold is the accepted value 
•• The algorithm is stopped when no more
changes are occurring to the system

•• The performance is the simulation re -
sults using the MID (medium) value of
a resource; it includes the performance
of resource utilization rates, patients
LoS and Queues waiting number

•• The threshold value is a range between
two numbers. The optimal value should
be lower than the high threshold and
greater than the low threshold

•• The threshold for patients LoS: LoS
should be less than 2 hours and not
ex ceeding 4 hours

•• The threshold for resource utilization:
resource utilization rates should not be
less than 20% in order to avoid wastes
and not exceeding 80%

•• The threshold for queues waiting
num ber: the waiting number in queues
should not exceed 20 and cannot be 0
in order to avoid wastes

•• The threshold values, low and high, for
each metric, are based on ED ob ser va -
tions and the hospital’s management de -
cisions

The emergency department operations
are expected to dramatically change dur-
ing disaster conditions; thus, new policies
should be suggested, different from the
nor mal flow periods. The optimization al -
gorithm MRA is slightly updated during
catastrophe events. When talking about di -
saster events, the bottleneck may occur on
several stages of the system where a high
number of patients will be waiting on cor -
responding queues. Therefore, the high
value here should be considered the max -
imum number of resources that can be ad -
ded to the system as per management con -
straints. The performance, V, includes only
the system number out since in catastrophe
case the most important part of a daily op -
eration of the ED is to save as many lives
as possible. If the performance of this bot -
tleneck and dependencies is not accepted
than an interview with management is
need ed again to convince them to in crease
the high values. The updated optimization
algorithm is presented in figure 2.

Healthcare Satisfaction in Catastrophic Conditions
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To start with the algorithm, three steps
should be followed:
•• Define bottlenecks
•• Define dependencies
•• Conduct interviews with hospital man-
agement to realize the high values for re -
sources, Rmax (Table 6)
Once the bottleneck stages are defined,

dependencies among the corresponding
resources are studied. The first model sim -
ulation starts with the highest values of
these resources. As per Arena simulation,
the bottleneck occurs in the transporter,
nurse, RN and doctor queues; where a high
number of patients is waiting to receive
care. Note that, nurses are responsible for
data collection, RN responsible for triage
and doctors for treatment. Moreover, the
resource type „facilities” is a dependent re -
source among the four bottlenecks. There -
fore, the model will be simulated after

changing the number of doctors, nurses,
RNs and transporters to 20 and the num-
ber of facilities to 20. Simulation re sults
show that the system number out is equal
to 6,222 which is an acceptable per form -
ance of the system. Also, the LoS is de -
creased from 78 hours to 15 hours. In case
more improvement is needed and wastes
are available, then MRA (Figure 1) should
be applied to the rest of resources (Ac -
coun tant, Receptionist, Technician and
Phy sician).

The new resources capacities in the
model are depicted in table 6 along with
their actual pay. Now that the number of
resources is optimized, a new reward sys -
tem, ℜoc, is calculated for the catastrophe
case using equations of Section 1 and the
simulation outputs from Arena after ap -
plying the new resource allocation (Table
4). The values are presented in Table 5.
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Patient, management and resource sat-
isfaction factors are found to be: F1o = 31%,
F2o = 92.01% and F3o = 30.89% respectively.

Note here that the satisfaction factors for
the resource types: Accountant, Physician,
Technician and Receptionist, are decreased
after applying the optimization in catastro -
phe. This is normal since decision makers
are concerned to add resources for the
bottleneck stages only. This leads to a lim -
itation where no additional resource is
grant ed for these four types of resources.
Therefore, future improvements can be
achieved by applying the algorithm again

taking into consideration an additional
num ber of accountants, physicians, tech-
nicians and receptionist.

The reward system for catastrophe after
optimization is: ℜoc = 38.32%. The system
satisfaction measure is increased from 7.08%
before optimization to 38.32% after ap ply -
ing MRA for catastrophe. This increase in
the reward system proves that the sug gest -
ed reward system, ℜ, and the optimization
algorithm, MRA, are efficient and reliable
for catastrophe events. Note that there is al -
ways room for additional improvement, but
limitations may arise based on budget con -
straints and management observations.

Healthcare Satisfaction in Catastrophic Conditions

Table 6 – MRA resource allocation for catastrophe

Table 4 – Arena simulation outputs 
after optimization

Table 5 – Resource satisfaction 
factors
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Conclusion 
Table 7 below summarizes all satisfac-

tion factors and the reward system calcu-
lated in previous sections before and after
MRA for catastrophe along with the satis-
factory level. It is obvious that almost all
satisfaction values are increased and there -
fore the reward system value is increased
except for F3o. This is due to some limita-
tions from the hospital’s management,
where they granted additional resources
for the bottleneck stages only. Therefore,

accountants, receptionists, physicians and
technicians were not optimized and there -
fore future improvements can be achieved
by applying the MRA to these resources.
Nevertheless, the reward system was in -
creased from 7.08% to 38.32% for catastro -
phe events and thus proving the reliability
and efficiency of the MRA and reward sys -
tem suggested, ℜ.

As a future work, more enhancements
will be suggested by applying the reward
system defined in this work to other units
of the hospital. 
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Table 7 – Satisfaction factors and reward system for catastrophe
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