
Introduction

According to Europe's Energy Portal website, all oil
reserves in the world will be used up on 22 October 2047,
at 20:58 hours. According to the calculations of experts of
this portal, which monitors the trends of European energy
requirements, based on currently known reserves and cur-
rent world consumption, the reserves of some fossil fuels
will be depleted very quickly [1].

European Union countries with more than half a billion
inhabitants and a consumption of 13.7 million barrels of oil
per day account for 6.8% of total world oil consumption.
Claude Mandil, former executive director of the
International Energy Agency in the proposals for the French
government before its EU presidency in the first half of

2008 wrote: “Any energy policy, whether national or
European, must pursue three principal goals simultaneously:
security, combating climate change, and economic growth.
There can be no question of choosing any measure that
favours one of these goals to the detriment of another” [2].

“Black gold” is one of the most important strategic
products in the world today. Oil-producing countries have
great power in geopolitical relations, and the control over
oil sources is one of the most significant causes of crises in
the world. The world market oil price has risen by 600%
since 2000. The assumption is that oil production will reach
its peak in the very near future, and by 2050 all of the
reserves will be exhausted [3].

EU member states have a large discrepancy in terms of
their production capacities and demand for oil. Of the
world's 20 largest importers of crude oil, 12 are EU mem-
ber states. It is clear that these countries rely considerably
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on imports of crude oil and petroleum products, and they
depend on oil producers to a great extent, which signifi-
cantly affects economic, geopolitical, and environmental
factors in the EU, as well as the whole world.

Energy dependence is an operational objective of one of
the sustainable development indicators, namely the indica-
tor “Climate change and energy.” The topic of this paper is
the analysis of energy dependence of EU member states
from petroleum products by using FMEA to determine the
degree of dependency and the consideration of the negative
effects that the cessation of the supply of petroleum prod-
ucts can have on each individual member state, as well as
the EU as a whole. The FMEA method is an inductive ana-
lytical tool for the evaluation of modes and effects of poten-
tial failures in subsystems, assemblies, components, or
functions. Its main purpose is to identify, quantify, priori-
tize, and assess risk. Taking into account the population of
the countries, a conjoint indicator of their dependence on
imported oil and petroleum products, and the annual rate of
growth in consumption of petroleum products, it is possi-
ble, using the FMEA method, to evaluate the risks to which
the EU member states are exposed from the cessation of
imports of crude oil and its derivatives.

FMEA Method

The failure mode and effect analysis (FMEA) method is
based on a session of systematic brainstorming aimed at
uncovering the failures that might occur in a system or
process [4].

FMEA methodology pursues a multitude of aims. It
attempts to identify what possible failures may occur in a
process and at the same time it pinpoints its sources [5, 6].

The main idea of FMEA is to generate a risk priority
number (RPN) for each failure mode. The higher the risk
number, the more serious the failure could be, and the more
important it is that this failure mode be addressed. Some of
the basic FMEA terms: 
• Occurrence rating. The occurrence rating of a risk is the

frequency with which a given risk occurs. Occurrence
rating refers to the average likelihood or probability that
the risk cause will occur. 

• Detection ratings. The detection rating is a measure of
the capability of current controls. A detection rating
indicates the ability to detect or predict the risk before
causing effect. 

• Severity ratings. The severity rating is the importance of
the risk on end-user requirements. Severity rating is dri-
ven by risk effects and criticality and applies only to the
effect. Severity rating should be the same each time the
same risk effect occurs [7-10]. 
The ratings of O, S, and D can have values ranging from

one to 10 based on the universal scales or scales that are for-
mulated for the specific system being analyzed. In our
research specific scales were formulated and used.
• Risk priority number (RPN). The risk priority number

can be defined as a weighted assessment number used
for prioritizing the highest risk items. The RPN focuses

efforts on factors that provide opportunities to make the
greatest improvement. The RPNs are sorted and actions
are recommended for the top issues. Risk assessment
should be performed to determine when a corrective
action is required. The Risk Priority Number is a math-
ematical product of the numerical Occurrence (O),
Detection (D), and Severity (S) ratings, as shown by
Equation 1:

RPN = O×D×S (1)

A rule of thumb is to take a serious look at RPNs greater
than 125 [8]. 

When the critical components have been identified and
ranked, a concerted effort can be placed on reducing the
criticality of the most critical components in the system.
Corrective actions should first be directed at the highest
ranking concerns and critical items where causes are not
well understood. The purpose is to reduce the RPN by
applying two types of corrective actions [11]: eliminate or
control the cause of the failure; or reduce the ratings of
severity, occurrence, and detection. 

Those corrective actions will, in many cases, result in
changes in the criticality of individual components. For this
reason, a FMEA must be accomplished each time a compo-
nent or subsystem change is executed. The critically ranking
list is to be correspondingly revised to reflect changes in
component criticality [12]. Therefore, FMEA can be
observed as a two-stage technique; the first phase is to iden-
tify the potential risks, decide the values for severity, occur-
rence, and detection, and calculate RPN. In the second
phase, recommendations for correct actions should be made,
and the RPN needs to be re-calculated after correct actions.

In addition, it should be mentioned that FMEA has been
widely applied for risk analysis in the oil and gas industry.
For instance, over 80 percent of experts in operator compa-
nies, engineering companies, and consultancies in the
Norwegian oil and gas industry declared that FMEA was
used by their company [13]. However, most of the applica-
tions referred to the risk analysis on micro level, such as
risk assessment in production and processing of oil [14-18],
equipment maintenance [19-21], or safety analysis [22].

Methodology

The two global oil crises of the 1970s put energy secu-
rity at the top of the political agenda [23]. Most of the EU
countries are very dependent on imports of oil and gas
(between 80 % and 100 %) [24]. Major energy suppliers –
from Russia and Iran to Venezuela – have been increasing-
ly able and willing to use their energy resources to pursue
their strategic and political objectives [25-27]. There for the
issue of energy dependency is an issue of political influence
as well. Energy security policies are often seen as a part of
the strategy for combating climate change [28, 29]. The
global demand for oil and gas, rising instability in many
producer countries, the rise of state-owned energy champi-
ons, and the nearing of the “peak-oil” situation or at least
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the end of “cheap oil” have begun to change the overall bal-
ance of power in the relationship between energy producer
and consumer states in a way that strengthens the latter [30,
31].

In the following table, a review of EU countries (with-
out the Republic of Croatia as the newest EU member, data
are still not fully available) is given by their population
numbers and their average oil import dependency. The oil
import dependency indicator (OIDI) is calculated as a quo-
tient of net oil import and a sum of total domestic con-
sumption and quantity of oil that each country indepen-
dently has in its known reserves [32-34]. The same calcula-
tion is done for EU as a whole. Values that are indicated
represent the average for the period from 1998 to 2010.
Equation (2) shows how OIDI is being calculated.

(2)

...where: 
NI – net oil import
C – current level of oil consumption
R – known oil reserves

This data represents EU countries population numbers
and their oil import dependency indicators. This indicator
combines data of net oil imports, the quantity of known oil
reserves, and the degree to which each country relies on its
own oil resources when meeting its oil demand. Data given
in Table 1 is the data that was taken into consideration for
evaluating severity and occurrence of the failure effect.

For calculating the severity of failure effect (“S” col-
umn in Table 3), the number of residing citizens in each
county was taken into account. This is due to the fact that
the bigger the number of people that are left without oil, the
more severe the failure is. For example, Germany will get
the highest rank in this category (10), and Malta will get the
lowest (1), corresponding to these countries’ populations.
Fig. 1 depicts the differences in population sizes of these
member states.

For evaluating the occurrence of failure effect (“O” col-
umn in Table 3), the oil import dependency indicator was
taken into account. The higher the value indicator, the high-
er the dependency on imported oil of the country, and vice
versa. The only two countries that have negative value of
this indicator are Denmark and the United Kingdom, so we
can conclude that their oil demand is heavily covered out of
domestic oil reserves. This is why these countries get the
lowest rank in this category (3 and 5, respectively), while
countries such as Spain, Cyprus, and Malta, with indicator
values going over 100, get the highest rank (10).

For gaining detection of the failure effect (“D” column
in Table 3), oil consumption per capita was taken into
account. The assumption is that the higher consumption per
capita is, the more difficult for the country to detect that it
is running out of oil. This criterion corresponds to a coun-
try’s yearly oil consumption growth. Higher detection rat-
ing (D) means that it is more probable that a specific coun-
try will not detect an oil supply problem in time, hence such
a country is more risk prone.

Oil consumption per capita is the total oil consumed in
barrels per day per every 1,000 people (bbl/day per 1,000
people). The discrepancy between the amount of oil pro-
duced and/or imported and the amount consumed and/or
exported is due to the omission of stock changes, refinery
gains, and other complicating factors.

Table 2 shows rating criteria that are used for creating
the marks for severity, occurrence, and detection scales.
When dealing with energy supply risk, we can note that

RC
NIOIDI
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Table 1. Population and oil import dependency indicator of EU
member states [23].

Country 
member

Population 
(in millions,
January 2014 

estimate)

Oil import dependency
indicator 

(net import/
(consumption + known

resources))

Malta 0.42 100.63

Cyprus 0.8 100.49

Spain 47.19 100.18

Luxemburg 0.51 99.99

Ireland 4.48 99.95

Sweden 9.42 99.92

Slovenia 2.05 99.79

Greece 11.33 99.69

Belgium 10.95 99.23

Portugal 10.64 99.23

Bulgaria 7.5 98.51

France 65.08 98.22

Latvia 2.23 97.98

Poland 38.2 97.31

Czech Republic 10.53 96.25

Finland 5.38 96.25

Germany 81.76 95.63

Netherlands 16.66 94.54

Italy 60.63 93.05

Slovakia 5.44 92.00

Austria 8.4 91.90

Lithuania 3.24 90.16

Hungary 9.99 78.03

Europe Union 502.52 73.74

Estonia 1.34 72.43

Romania 21.42 42.97

United Kingdom 62.44 -21.98

Denmark 5.56 -72.19
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similar scales were formulated in [35], when FMEA was
used to evaluate the risk associated with wind turbines, in
[36] for risk associated with geothermal power plants, and
in [37] when FMEA risk analysis of biomass combustion
was done. 

Results and Discussion

Results gained after conducting the analysis on the
above-given data and after assigning ranks for all three cat-
egories are shown in Table 3, sorted by risk priority num-
bers (RPN) and presents the central results of our study. The
third column shows values of the severity ratings based on
population size. The forth column shows values of the
occurrence ratings.  The fifth column provides values of
detection ratings based on oil consumption per capita.
Finally, values of the risk priority number (RPN) are dis-
played in the last column.

From the results that are acquired it can be concluded
that the Netherlands, with a calculated RPN value of 378, is
the most subjected to crises in the potential case of oil
import disruption. Such a high value of the Netherlands
RPN is mostly based on the high value of its occurrence rat-
ing (9) because of its high OIDI. The fact that the
Netherlands is Europe’s second biggest oil importer and is
ranked as a No. 6 in the World underpins the argument.

Germany, with its RPN value of 360, and Belgium, with
270, are quite jeopardized on the same criterion. Germany
otherwise is Europe’s biggest crude oil importer, and is
ranked as the world’s fifth oil importer. Another factor con-
tributing to Germany’s RPN score is its large population
(S=10), while Belgium’s additional contributing factor is its
high rate of oil consumption per capita, which makes a
potential oil shortage hard to detect (D=6). It will be inter-
esting to see how German oil consumption will change in
upcoming years based on the German Renewable Act
(EEG) and how a stronger shift to renewable sources of
energy motivated by newly adopted European and German
energy policies [38] will develop, regarding that these poli-
cies demand abolishment of traditional energy sources and
a strong shift toward renewable ones. 

The European Union as a whole is ranked at an alarm-
ingly high 6th place, with RPN value of 240. On the other
hand this is not surprising because within its borders the EU
has just two countries with significant oil production and
with its own oil sources: Denmark and the United
Kingdom. More than 50% of oil that the EU imports comes
from Norway and Russia, which makes these countries
quite influential on Europe’s economic and political
streams. 

On the other side we have Denmark, Cyprus, and Latvia
with RPN values, respectively, of 27, 30, and 36. Denmark
is basically completely independent from the rest of the EU
when it comes to oil and when we take into account the fact
that it has its own oil resources in the North Sea that satisfy
this country’s population needs. This is why Denmark and
the Netherlands, although similar countries (population,
size, position), are so different in rankings. Additionally, we
can note that Denmark and the Netherlands have different

Table 2. Rating criteria for severity, occurrence, and detection.

Rating
Severity 
(million 
citizens)

Occurrence 
(oil import
dependency
indicator)

Detection
(bbl/day per

1.000 people)

1 0 – 1 -125 – -100 0 – 10

2 1 – 4 -100 – -75 10 – 20

3 4 – 7 -75 – -50 20 – 30

4 7 – 10 -50 – -25 30 – 40

5 10 – 15 -25 – 0 40 – 50

6 15 – 25 0 – 25 50 – 60

7 25 – 40 25 – 50 60 – 70

8 40 – 55 50 – 75 70 – 80

9 55 – 80 75 – 100 80 – 90

10 over 80 100 – 125 90 – 100

Fig. 1. EU 27 member states by their population size.
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approaches to alternative energy sources [39, 40]. Cyprus,
with its modest population of 800,000 people (S=1), comes
with the second lowest rank with RPI value of 30, followed
by Latvia, mostly due to its low consumption per capita and
small population size (D=2, S=2). Additionally, Cyprus
made a commitment toward sustainable development and
on the use of renewable energy sources (RES) as well as
toward UN Agenda 21 in 1992. Agenda 21 is a comprehen-
sive plan of action to be taken globally, nationally, and local-
ly by organizations of the United Nations, governments, and
major groups in areas in which humans affect the environ-
ment. Cyprus has launched strategies and initiatives in order
to increase the RES share in the energy mix beyond the
spectacular utilization of solar thermal energy [41]. 

Fig. 2 shows the comparison of countries’ ranking by
using just the oil import dependency indicator to more
encompassing ranking gained by the FMEA method.
Future analysis in the field should include other factors
alongside the ones used in this paper as more data become
available. This figure demonstrates how relying on just one
of the factors can be misleading and misrepresent the poten-
tial risks of EU oil security.

Conclusions

The FMEA method has shown itself to be a possibly
useful approach for determining energy dependency of EU
countries. Primarily, a further step would be analysis of the
Republic of Croatia, the newest EU member and analysis of
the oil dependency factors of all other potential EU candi-
dates. Such data would give even more thorough insight
into what the future holds.  

The analysis pointed to some general facts that are
known on the basis of available data: the high energy inde-
pendence of Denmark and Great Britain, which have their
sources of crude oil; the heavy dependency on imported
petroleum products of Benelux countries, Spain and
Poland; but also the somewhat surprising 6th place (out of
28 on the list) of the European Union as a whole. More than
50 percent of petroleum products that the EU imports
comes from Norway and the Russian Federation which,
although European countries, are not members of the EU-
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1. Netherlands 6 9 7 378

2. Germany 10 9 4 360

3. Belgium 5 9 6 270

4. France 9 9 3 243

5. Italy 9 9 3 243

6. EU 10 8 3 240

7. Spain 8 10 3 240

8. Greece 5 9 4 180

9. Austria 4 9 4 144

10. Sweden 4 9 4 144

11. Portugal 5 9 3 135

12. Poland 7 9 2 126

13. Finland 3 9 4 96

14. UK 9 5 2 90

15. Czech republic 5 9 2 90

16. Ireland 3 9 3 81

17. Luxemburg 1 9 9 81

18. Bulgaria 4 9 2 72

19. Hungary 4 9 2 72

20. Slovakia 3 9 2 54

21. Slovenia 2 9 3 54

22. Malta 1 10 5 50

23. Estonia 2 8 3 48

24. Romania 6 7 1 42

25. Lithuania 2 9 2 36

26. Latvia 2 9 2 36

27. Cyprus 1 10 3 30

28. Denmark 3 3 3 27

Table 3. Oil dependency of EU counties according to the
FMEA method, sorted by RPN.

Fig. 2. OIDI and FMEA ranking comparison.
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28, and thus have a major impact on the economic and
political developments in the European Union.

Energy dependence on oil is a reality for the European
Union and as well for a large part of the rest of the world,
and will probably remain so until the last reserves of “black
gold” are consumed. This means that EU oil dependency
will become an even more significant issue in the upcom-
ing years. One of the potential remedies to the problem
could be implementation of practices similar to the ones
implemented by other countries highly dependant on oil,
such as China, Japan, and the USA. These countries have
implemented oil import diversification strategies that have
reduced the risk of potential oil shortages [42-44].

As regards limitation of the study, it can be viewed
through limitations of the FMEA method. Some of the
more obvious ones as the fact that relative importance
among O, S, and D is not taken into consideration or that
different combinations of O, S, and D may produce exactly
the same value of RPN, but their hidden risk implications
may be totally different and that the RPN considers only
three risk factors, mainly in terms of safety, that should be
addressed in the future [45]. 

As always, when oil is in question a solution to the
problem should be searched in alternatives. Currently
humanity is facing a crossroads in it further development.
For the last 150 years increases in oil production were
always followed by the increase in oil consumption. This
period can be called the “oil era,” but inevitably EU coun-
tries will have to shift their energy dependency to other
energy resources. 
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