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Abstract: Failure Modes and Effect Analysis (FMEA) is a proactive approach that has been utilised as a risk
assessment tool by ranking the risks depending on the Risk Priority Numbers (RPN’s) calculations for all
potential risks. The conventional FMEA has many drawbacks accordingly, this paper aims to produce
animproved FMEA methodology that combines one of the Multiple Criteria Decision Making (MCDM) process
which is the AnalyticHierarchy Process (AHP) with the exponential and geometric methods. Where AHP has
been appliedto calculate the weights of the three risk factors (Severity (S), Occurrence (O) and Detection (D))
of the RPN, furthermore, the improved methodologyapplying the exponential approach and the Weighted
Geometric Mean (EWGM) method. Combining the AHP with the EWGM overcomes the repetition of FMEA.
The optimised methodology has been used to assess various non-technical risks in the energy sector using
the scale (1 to 5). The results of the developed methodology reveal that the duplication numbers of the RPN's
have been decreased, the weights of the S, O and D have been calculated and included interestingly, the
developed method is paying attention not only for the high severity values for the risk ranking but also, for
other risk factors (O and D)which helps and supports the top management to set the best rank accordingly, the
evaluation process will be improved.Furthermore, theoptimized methodology provides more reasonable risk
assessment results and helps the decision makers to find the most serious risk in asimple and practical way for
the strategic level. In addition, the RPN’s results from this method can be utilised to construct the comparison
matrix to compare between the risks.A case study example has been explained for one of the largest power
plants in the Middle East to assess 84risks withinnine risk categories.
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INTRODUCTION power plants [3-6] express that FMEA is used for

Success of companies depends on achieving the goal the reliability and safety of complex systems, design,
and objectives through supply chain but, risks and process or service which will inhibit the occurring of
uncertainty in supply chain and the logistics process failures. In addition, providing information for risk
issues will make disruptions and cause a barrier to management decisions process. Furthermore, they claim
achieving the company goals [1]. Therefore, companies that FMEA differs from further risk assessment tools in
have been always trying to keep their availability and concerning preventing the problem instead of finding a
reliability of their products along the supply chain and the solution after the failures have occurred.This supports
only way to accomplish this is by preventing and/or decision makers inadjusting the available plan to eliminate
eliminate risks and failures. the probability of failures. Similarly, [7] considers the

Risk assessment is an important approachthat has FMEA as a method to identify and prevent failures
been appliedfor risk identification and analysis [2]. As a furthermore, he demonstrates that this analytic method
quality management tool, this paper suggests an should be effectively used through product development
improved FMEA for evaluating 84non-technical risks in and process planning where the steps can vary,

identifying and reducing the potential failures to increase
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depending on who describes the process [8] affirm that supply chain risk management. Moreover, this research
FMEA is an effective tool that can be used in high-risk emphasises how the FMEA technique uses to assess the
industries like power plants moreover, they emphasis that risk failures in product and process designs.
the research on using FMEA for non-technical risks is
very little. Thus, this paper try to fill the gap in this area Conventional ANDImproved FMEA: Related to the main
by applying the FMEA as a risk assessment tool for non- benefits of using the risk assessment tools, [7] affirms that
technical risks additionally, overcoming some of the when the supply chain risk assessment decision analysis
drawback for the conventional FMEA by integrating the tools (such as FMEA) are used, operators can increase
AHP and EWGM.[9]explain that FMEA is a well-known the economic value added by 3.8%. Where the capital
methodology that can be used to enhance the quality, cost reduction is 13% and the total annual sales revenue
safety, reliability and reduce the probability of products will increase by 9.8% and a reduction of 1% in the total
risks. Likewise, [10] elucidates the FMEA as a crucial tool operating cost.
to improve the design of manufacturing and process. However, there is no standard for the value of criteria
Moreover, it can improve reliability, reduce life cycle risk ranking. The criteria ranking can take any value. Rating
of organizations and develop a preventive maintenance scales usually range are (1 to 5), (1 to 7) or from (1 to 10),
plan for in-service machinery. In contrast [1] describes it there are two very public rankings that have been utilised
as a method that is used to address the possible failure in all industries. One is the ranking of (1 to 5) scale and
modes, their causes and the effects of each failure on the the second is the (1 to 10) scale, which is used widely,
system, product or process after which, the required where the ranking of (1 to 5) is limited but provides
corrective actions to determine the most serious concerns expediency. However, the higher number representing the
will be taken. higher seriousness or risk. The experience and

In the same context, [5] illustrate the FMEA as a engineering judgment and opinions are required to
structured, bottom-up approach begins by determining determine and calculate the risk priority number, where
the possible failure modes at one level then the effects on each potential problem is rated according to three rating
the next level can be explored, where the analysis of scales S, O and D. In a typical FMEA evaluation, a
FMEA compasses wholly levels in the hierarchy from the number of rating scale are provided for these three
bottom to the top. Moreover [11] demonstrates that factors. The risk priority number is obtained by
FMEA helps in taking risk management decisions through multiplying the values for severity, occurrence and
the provided information, where the FMEA is intended to detectability as seen in equation 1 [15-17].
allocate limited resources to the most significant risk [1]
clarify that the aim of FMEA in logistics processes is to RPN = S* O* D (1)
check of reaching the product to the consumers without
difficulties. In addition, he explains that the studies for where the:
security on supply chain and reliability have been Severity (S): is the seriousness (effects) of the failure;
increasing but, the empirical studies are inadequate to Occurrence (O): is the frequency of the failure;
address issues and problems related to managing the Detection (D): is the ability to detect the failure.
reliability of supply and logistics processes. According to
Liu et al. (2013), FMEA is a more powerful tool for safety Similarly, [18] claim that the evaluation criterion to
and reliability analysis of systems, processes, designs each risk factor is usually based on a “point scale” and
and services in different industries as risks priorities, they describe the 5 points rating system scale for FMEA.
weighting methods and risk factor selection are applicable In the same context, [19] assert that the FMEA is a quality
for the specific risk evaluation problems. Similarly, Braglia tool and a modern risk analysis method uses to specify
(2000) claims that FMEA is considered as the most the potential failures and their priorities by RPN
widespread tool for reliability and failure mode analysis, calculation which comprises of three risk factors (O, S and
although it suffers from several problems [13] find that the D). Engineers and specialists use a point scale to specify
FMEA is a significant element in the international quality these three factors through a subjective judgment
certification system, such as ISO-9000, ISO/TS (Technical according to the experience. After which, the decision
Specification) 16949, CE and QS-9000. In contrast, [14] makers can take suitable decisions based on these
confirm that FMEA is rarely used for supply risk calculations and in the case of equal RPN, the ranking is
assessment although that is a powerful tool for proactive determined  depending  firstly  on the severity then on the
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Table 1: FMEA rating system for non-technical risks in energy sector

detectability. In addition, [20] exhibit that the RPN of estimating the failure modes using it; no enough
technique has been considered as a quantitative method, failures are experiences to justify using it and it is too
although it is depending on qualitative assessments. confusing or complicated.

However, as the scale (1 to 5) is limited in nature, [21] In the energy sector, [8] apply the FMEA to evaluate
use it to quantify the RPN of failure modes for active three factors of project finance risk is in Electric power
magnetic bearings and they develop the guidelines tables company in Serbia, each one of these three risk factors
for severity, occurrence and detection depending on that includes a set of risk indicator (ex. operating revenue and
scale. In this paper, the scale (1 to 5) has been used for expenses risk, technological risk, operatingrisks,
quantifying the RPN for the 84 risks at the strategic level completion risk….etc.). The authors emphasise that
in the energy sector. Depending on [16, 18, 21], the FMEA is effectively method particularly in nuclear power
adjusted rating scale for occurrence, detection and plants. In addition, they show that there are vast studies
severity of this research are revealed in given Table 1. The of technical systems and processes of using FMEA but
changes have been made to the definitions of the criteria there is slight research on applying FMEA to non-
categories to emphasis their effects on the decision- technical risks. Furthermore, they depend on the values of
making process of the strategic partners [22] propose a RPN to determine the critical risk using the rule of thumb
new approach to prioritise failure modes using Risk by taking a serious look at RPNs more  than  125  [25].
Priority Code (RPC) and the results show that if two or Next, they use two scenarios of corrective actions; firstly,
more failure modes have the same RPN, the proposed the scenariodepends on the implementation of the Energy
method has a benefit in design FMEA.In the field of Sector Development Strategy of the Republic of Serbia, on
supply chain risk management, [23] shows that companies contrary, the second scenario based on the outcomes of
that have been implementing FMEA are very limited FMEA. Depending on that and based on the results from
furthermore, he illustrates that FMEA is suitable for these two scenarios, they represent that the strategic
classifying the internal risks to the company or the partnership should look out to estimation risk, price risks,
process. Moreover, the study explains the FMEA steps, investments risk, project activity neglect risk, debt
which starting by addressing the potential failures for collection and quasi-risks.
product, process or design afterwards, makingan According to Chang (2009), FMEA is a preventive
analysisof these failures. Subsequently, recording task that is used to assign specific resources to the
potential failures in the FMEA worksheet and assigning riskiest part. Besides, this method provides information
values to likelihoods of occurrence, the degree of severity for decision making management process for risks. On the
and detection for  each  identified  failure subsequently, other hand, he clarifies that the problems in the
the RPN can be calculated by multiplying all these three conventional FMEA method are the duplication values of
values.  [24]    also,    agree  with   [23];   they   explain   the RPN and varying sensitivity to small change. Compatible
obstacles and the reasons that prevent applying the with that, [26] asserts that the RPN fails to solve problems
FMEA for supply chain risk management. They summed in a hierarchy structure and all the risks factors (S, O and
up as: not enough knowledge of FMEA procedures; there D) are equally weighted. To overcome some of these
is no clear noticeable value; is too time-consuming, it is limitations, many researches have been developed.an RPN
not recognised or required by our industry; the difficulty methodology that combining Ordered WeightedGeometric
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Averaging (OWGA) operator and (DEMATEL) in a film the risk evaluation using the FMEA. They claim that this
transistor liquid crystal product FMEA is developed by enhancement solves some problems in the conventional
[26] where the results show that the proposed FMEA additionally, provides a more precise and
methodology help the decision makers to find the most reasonable risk assessment in FMEA. Conversely, Fuzzy
serious risk. Similarly, [27] clarify that the FMEA provides logic has been suggested in FMEA to improve the above
information for risk management decisions process. As drawbacks [4]. [33]develop a fuzzy if-then rules approach
well, they explain that FMEA is a type of a qualitative to express the relationships between risk factors and the
analysis (or semi-quantitative analysis)  and  is intended risk of failure modes. While [34] present a fuzzy logic
to make systems safer and more reliable through the based FMEA methodology to address interdependencies
evaluation process of the effects of failures on the of several failure modes. [35]use the fuzzy principle by
performance of the system. Subsequently, the most developing a framework for analysing risks using a
critical failures to safety can be identified and depending generic Fuzzy Evidential Reasoning (FER) approach of
on that, an improvement for the safety and the reliability offshore engineering systems, the proposed method is
of the system can be developed. used to overcome the issues related to the conventional

[17] elucidate that the risk analysis techniques fuzzy rule-based methods. In contrast, [17] develop a
are implemented as an essential decision support tool and framework to support prioritisation of components of
identify the potential sources risks where the challenge of offshore engineering systems based on risk levels for
risk analysis approaches for use as a decision support intervention action, leading to inspection, repair and
tool lies in the detail of the related risks. Furthermore, they maintenance. This framework is applicable only to
claim that FMEA is the most widely used method for risk structures in the offshore environment and cannot be
analysis semi-quantitative framework possesses the used out of context. In the same fuzzy area, [29]utilise the
combined advantages of quantitative and qualitative fuzzy weighted geometric to evaluate the risk factors O, S
features. To improve the FMEA, MCDM is combined with and D, where the fuzzy risk priority numbers (FRPNs) are
to overcome some of the related limitations and to proposed for prioritization of failure mode.
facilitate systemic understanding. [36] improve the risk priority number based on a fuzzy

The conventional FMEA technique has been widely measure and fuzzy integral fusion to overcome the
used as aforementioned studies, but as seen, it still problem of the weights of risk factors. The authors claim
suffers from several limitations. These setbacks are that the comprehensive results can reflect the specific risk
explained as follow [4-6, 11-13, 17, 22, 26-32]: level of the failure mode. In addition, Deng and Jiang

The most commonly designated drawbacks of the (2017) propose a novel model for fuzzy risk evaluation in
conventional FMEA is the relative importance of O, FMEA involving fuzzy uncertainty environment.(Oroui
S and D are not considered and they are assumed and Jahan, 2017) assess risks in FMEA using fuzzy
equally important [6] emphasis that 45 papers (60.0%) TOPSIS. Whereas, [39] present a new evidential FMEA
allocate this problem. using the linguistic term; a novel method is used to
Various combinations of O, S and D may generate the transform the experts’ linguistic judgments into basic
same value of RPN (duplicate RPN values).The probability assignments. Moreover, an approach using
different is located in the impact of those risks which fuzzy ordered weighted averaging and DEMATEL is
may lead to hiding the high-risk events and a wasting developed to solve the shortcomings of the conventional
of time and resources. FMEA, the results of the proposed model show that the
For calculating the RPN, the Mathematical formula is duplicated RPNs can be reduced. Furthermore, [35]
very significant part of risk assessment. Differences suggest an innovative framework for analysing and
in ranking may cause different effects on RPN value, synthesising engineering system risks based on a generic
which sequentially depend on the values of other Fuzzy Evidential Reasoning (FER) method which
factors (varying sensitivity to small changes). overcomes the problems of conventional fuzzy rule-based
It is most difficult to evaluate O, S and D. methods in risk analysis and decision making and

Consequently, a more general and efficient procedure Conversely, Liu et al.  (2013)  in  their  literature
is needed to evaluate the risk of failure. For example, [13] review paper clarify that although the fuzzy inference
suggest the exponential risk priority number to enhance technique is broadly applied to improve FMEA

simplifies the inference process.
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methodology and overcome all the aforementioned weights from the decision matrix with no dependence on
limitations  for FMEA, it still has various setbacks such decision maker have been derived using a mathematical
as: model.

The difficulty in defining a suitable membership The risks ranking is affected by the risk factors ( S,D
function for the risk factors and risk priority level. and O) estimation weights which play a significant and
The fuzzy RPN model has an enormous number of crucial role in the criticality risk analysis [6, 40]. Due to the
rules provided by the experts. shortcomings either in the conventional FMEA or the
The structuring of a fuzzy if-then rule base is a hard methods depending on Fuzzy logic, a suitable and simple
task, needs an enormous number of judgments assessment for the weights is required.
making by the experts, moreover, it's highly costly
and time-consuming like conventional FMEA. Improved FMEA Methodology: As aforementioned, the
Different antecedents of the fuzzy if-then rules but conventional FMEA has been criticised due to
with similar consequence are unable to be manylimitations. [13] clarify that the main reason impedes
distinguished from one another additionally, these of using the updated and enchantment methods to
fuzzy rules will be unable to be prioritised or ranked. overcome the drawbacks of FMEA is the complexity of
Difficulty in dealing with complicated calculations for the updated methods comparing with the conventional
producing precise risk results without dropping RPN. In addition, they elucidate that some of the fuzzy
information in fuzzy inference process. proposed methods not only are complicated methods but
Difficulty in designing suitable software packages to also have a similar issue of high duplication rate. For
recognise the instant communication between risk example [27] use the fuzzy rule and the grey theory to
input, output and failure priority ranking. Where the improve the FMEA and in spite of the enhancing in the
conventional FMEA illustrates a systematic prioritisation, the developed method still has the same
procedure which can be set in a computer program duplication issue.
[40]. To overcome some of these drawbacks and to

According to the weighting issue in FMEA, [6] particularly to assess non-technical risks at the strategic
exhibit that the weighting methods have been applied in level; in this paper, the relative importance weights of the
FEMA are classified into three categories; subjective three risk factors are taken into account using one of the
weighting method (direct assessment by experts ex.AHP), subjective weighting methods, which is the AHP. This will
objective weighting method (Ordered weight; Data overcome the weighting issue of (S, O and D), then the
Envelopment Analysis (DEA) and Minimum cut set ) and Exponential Weighted Geometric Mean (EWGM) risk
combination weighting method. In addition, they claim priority number will be calculated where this has reduced
that the subjective weighting and objective weighting the duplication problem. The equation will be updated
methods are employed to stimulate the weights of risk according to the formula of the (WGM):
factors in FMEA, where the subjective weighting is the
widest method used where the AHPis the prevailing
method. On the contrary, there is a little literature use the (2)
integration weighting methods in FMEA. In similar, [17]
assert that the weighting playsa crucial role in alternatives Wi: Assign weights (W , W  and W ) using the AHP
ranking. The interpretation of weight is different for technique where the sum of the weights is (1),
diverse weighting methods. The weighted methods are Pei-Ting et al. (2014) develop an exponential RPN as
classified into subjective (ex. direct rating, ranking equation (3):
method, point allocation, AHP, ratio method, swing
method, graphical weighting, Delphi method, Simple
Multi-Attribute Ranking Technique (SMART), objective (3)
(entropy method, mean weight, standard deviation,
statistical variance procedure) and Hybrid method. In the where:
subjective methods, the weight is related to the decision X: is a positive integer, =2 and it selected as seen in
maker, while in the objective weighting method, the the second equation as 3.

provide a sufficient and reasonable risk assessment,

S O D
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x  Estimated values of (Severity (S), Occurrence (O) Accordingly, (5) is shown the developed RPNi:

and detectability (D) for each risk indicator) (xi: first
risk indicator, x : last risk indicator, where n in thisn

research is the total number of risk indicators are
used = 84), the rating values for S,O and D are
between (1-5) as represented Table 1.
W : Weight of Severity (has been calculated byS

AHP).
W : Weight of Occurrence (has been calculated byO

AHP).
W Weight of Detectability (has been calculated byD:

AHP).

To determine the best value of X, All the potential
values for X=2, X=3, X=4 and X=5 are  calculated to
realise the frequency and the  duplication   of values.
Then, the highest number that can be generated by X is
selected.

The scale (1 to 5) that has been using in this research
for the evaluation process, in the conventional RPN, there
is only 30 unique number for the conventional method
while for the exponential weighted geometric mean
method there is 75 unique number for X=2. At X=2 the
values are very close together but for X=3 there is a
reasonable difference between values which will provide
more accurate results additionally, there is no difference
seen for X more than 3 therefore; X is assigned at 3 as (4):

(4)

Applying the weighted geometric mean (equation 2)
to the ERPN (equation 4) and replacing (xi*ws) by the
weighted geometric mean, the combining between the
weighted geometric mean and the exponential are
explained as equation (5):

(5)

formula and has been used to calculate priority of (84)
non-technical risks and the results have been compared
with the results of the conventional FMEA.

Summarizing all mentioned exhibited figures and
calculations, Table 2 illustrates the differences between
the conventional method and the EWGM methods.

From the results that have been shown above the
benefits of the improvedequation(EWGM) can be noted
as:

The exponential equation also has one of the
drawbacksof the conventional method. The
exponential equation focuses and looks more to the
severity part. However, practicality if a failure has a
moderate severity for example 5 and high occurrence
rate (5) it should have attention comparing with
another failure with S=6 and approximately the
occurrence 1 which means, that the probability of
occurrence is extremely rare, therefore, the updated
equation provides reasonable and more accurate
results (this can be checked from the case study
example at section A in this paper).
Another drawback that is solved by the improved
method (EWGM) is in taking the weights for (S, O
and D) using the AHP.
The duplication rate in this method is  less   than
other methods additionally, the results of this
method are more reasonable and the   RPN   values
are   not   close   together as the conventional
method. Hence, this will serve to see a clear vision of
the risks impact and ranking and later will help the
decision makers to assess and evaluate the risk
correctly.
This method combines between the exponential and
the weighted geometric mean, the calculation results
will satisfy and explain the reasonability and the
accuracy of the updated equation.

Fig. 1: Histogram for the conventional RPN for Scale 1-5 (Maximum Frequency=9, number of unique values=30)
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Fig. 2: Histogram of ERPN for Scale 1-5 (Maximum Frequency=2, number of unique values=75, at X=2).

Fig. 3: Histogram of EWGM-RPN for Scale 1-5 (Maximum Frequency=2, number of unique values=75, at X=2).

Fig. 4: Histogram of ERPN for Scale 1-5 (Maximum Frequency=2, number of unique values=75, at X=3).

Fig. 5: Histogram of EWGM-RPN for Scale 1-5 (Maximum Frequency=2, number of unique values=75, at X=3)

The above figures (Figs. 1-5) represent the histogram charts for the conventional, exponential method and for the
improved method using the exponential and weighted geometric mean at X=2 and X=3 where the factors weights are
calculated by AHP and the results are: (W =0.333, Wo=0.333 and W =0.334).S D
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Table 2: The main differences between the conventional RPN and EWGM-RPN methods.

Table 3: FMEA sheet for all identified non-technical risks.
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Table 3: Continued
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Table 4: RPN of the conventional and the developed methodology for non-technical risks.

From an extensive review of literature in the area of and secondly, depending on the improved RPN using
risk management and assessment, 84 non-technical risk EWGM. Due to limitation, apartof the total results will be
indicators that have an impact on power plants analyzed in this paper.
performanceare identified, These risks should be The risks embrace nine categories; sustainability
understood, reviewed and evaluated then, the rank of risk category that includes four pillars (economic;
indicators have been determined. In this paper, a new environmental; social and technological) where the other
comprehensive and conceptualised risk classification five categories are, internal and operational business
methodology for risk decomposition is adapted and process risk perspective, supply chain risk perspective,
developed using a modified FMEA. The RPN is calculated customer/demand risk perspective and human resources
two times, one depending on the conventional method risks, management risks. 
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Building FMEA for Non-technical Risk in Power Plants: clarified previously, the RPN’s numbers using the
In oil, gas and power the supply chain management is conventional and the EWGM can be calculated and part
more complex than other industries. Due to the increasing of the results are as shown in Table 4.
number of accidents and environmental problems, the risk
management (including supply chain risk) has been From Table 3, it is clear that:
increased (Jacoby, 2012). In addition, in his book Jacoby Repetition Rate (duplication Rate) for the
demonstrates that the capital projects include various conventional methodis 91.7%.
types of risks such as market (price and volume) risk; Repetition (duplication Rate) for the EWGM is:
materials supply risk; supplier risk; construction risk; 77.3%.
operational risk; technology risk; political risk and Using the weighted geometric mean method helping
regulatory risks and he clarifies that the market risk can be in looking at all factors in risk assessment not only
examined by the top managers through a consultation's of on the severity part like other research, which has
experts. Furthermore, he expresses that the political and focused only on the severity factor. Interestingly, if
regulatory risks are special types of risk that extend well the severity is high in certain risk but the occurrence
beyond supply chain management. He claims that is almost impossible and the other two factors (O,D)
quantifying the technology risks is a very complicated are medium in their influence on another risk, the
process therefore, many companies utilise the existing attention should be paid for the risk with the two
technologies with well-established risk profiles. medium influence,not for the more severe risk with
Moreover, he asserts that most of force majeure risks the negligible occurrence.
have resulted from  embedded  assumptions of The geometric mean method with the exponential
availability of materials, service prices and high wages of provides more reasonable results.
skilled trade besides, (Jacoby, 2012) emphasises that the
catastrophic effect can be raised from a disruption in CONCLUSIONS
supply process.

However, the first step to build the risk model is to In this research, where the FMEA has been applied
identify all risks either internal or external of power plant for non-technical risks at the strategic level to alleviate the
(supplier, regulations, business environment (internal & conventional method drawbacks.A two-step approach is
external) through the life cycle stages and determine the presented. Firstly, an improved FMEA methodology has
possible causes of each risk, part of the results are shown been improved using the exponential weighted geometric
in FMEA sheet in Table 3. mean to calculate the RPN. The proposed RPN consists of

RPN Calculations:As aforementioned, the conventional parameters (severity, detectability and
FMEAhas many drawbacks,therefore; an improved occurrence).Secondly, the AHP technique is applied to
method combining exponential and weighted geometric calculate the risk factors weights.As the results revealed
mean (EWGM) has been applied to overcome some of that the replication rates are decreased compared with
these limitations. A comparison between the results of the other methods, the weights of the S, O and D have been
conventional RPN and the improved method is illustrated calculated and included interestingly, the developed
in this part by applying equation (1) to calculate the method is paying attention not only to the high severity
conventional RPN’s and equation (5) to calculate the values but also, for other values in RPN (O and D) which
EWGM-RPN’s. help and support the top management to set the best rank

Liu et al. (2013)exhibit that rankings of failure modes accordingly, the evaluation process will be improved and
may be affected by the risk factors weights accordingly, the developed methodology provided a more reasonable
the appropriate assessment of risk factor weights (S,O and risk assessment results and help the decision makers to
D) plays a vital role in the criticality analysis. The weights find the most serious risk in a simple and practical way at
for (S,D and O) have been determined by the AHP the strategic level.A case study example had been
technique. Generally, the weights for S, O and D are explained for one of the largest power plants in the Middle
determined using the AHP method as the first step to East to assess 84 risks within nine risk categories. Part of
calculate the RPN’s using EWGM. The weights for these these results had been explained by applying the
three factors are W =0.57, W =0.333 and W =0.097. After improved methodology and comparing the results withS O D

determining the risk factors weights from the AHP as the conventional methods. 

the exponential weighted geometric of three risk factors
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