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INTRODUCTION 

Normally, we assess the product before decided to 
buy it. Understanding the consumers’ preferences 
and perceptions of the product are very important 
to manufacturers and retailer alike. Research on 
sensory evaluation of mangos plays an important role 
nowadays. It helps many institutions and individual 
to classify and select the best mango in the market. 
The sensory evaluation refers to the measurement 
and evaluation of the sensory properties of foods 
and other objects. Thus, sensory evaluation includes 
the analysis and the commentary of the responses 
by the sensory professional which is individuals who 
supply the connection between sensory evaluation 
and quality of mangos. Sensory evaluation explained 

how the measurement evokes and interpret the 
characteristics of food and materials as they are 
perceived by the senses. Therefore, sensory evaluation 
should be seen in much broader terms [1] Moreover, 
sensory evaluation is one of the famous methods used 
in analyzing the products in the market such as food, 
beverage and others [2]. Without appropriate sensory 
analysis, the risk of market failure is inevitable. Thus, 
sensory evaluation is needed to maintain the product 
success in the marketplace.  

Many researchers have applied fuzzy logic in sensory 
evaluation processes. Since fuzzy logic can effectively 
handle the vague image data, Sannaki et al. [3] have 
successfully developed a technique of precision 
agriculture, which employs fuzzy logic. Hence, fuzzy 
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ABSTRACT 

This article proposed fuzzy sensory evaluation method to rank the quality of mangos by determined the best quality 
attributes through sensory evaluation. The fuzzy comprehensive model determined the best mango in the market 
through sensory evaluation and fuzzy logic analysis. Five types of mangos from Malaysia and Thailand were considered 
as samples in this research. The Malaysian mango fruit named ‘Harumanis Mango’ and ‘Apple Mango’ while the Thai 
mango fruit named ‘Tongdam Mango’, ‘Siamese Mango’ and ‘Nam Dok Mai Golden Mango’ that are eminent in the 
market were considered for sensory evaluation. Data were collected from fifty professional judges at Mara University 
of Technology in Arau, Perlis. The judges required to decide their sensory evaluation in linguistic terms of the quality 
attributes of color, smell, taste and mouth feel for each product and also the weight of each quality attribute. All the 
five types of mangos that are selected must be ripen perfectly.  Basically, the ripe mango fruit pulp contains about 15 
percent of sugar, 1 percent of protein, vitamin A, B and C, and essential nutrients, such as potassium, copper and amino 
acids. Nevertheless, there are different taste and texture of mango across of its cultivars. Fuzzy logic analysis was used 
to list the best of the five mangos either from Malaysia or Thailand. Experimental results showed that the Malaysian 
mango fruit ‘Harumanis Mango’ satisfied as the best quality criteria set for ‘taste’.
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logic gives more space to measure subjective criteria 
to improve the expressions and assessments under the 
fuzzy environment. Many researchers have suggested 
fuzzy logic is useful for the sensory analysis of many 
food products like Beettroot (Beta vulgaris) [4], Dahi 
(Indian Yogurt) [5], mango drink [6] and coffee [7]. 
According to Jaya and Das [6] ‘Brix to acid ratio’ of fruit 
juice was used as an index for sensory approval of the 
juice. If two fruit juices possess the same ‘Brix to acid 
ratio’ they are likely to have the same sensory appeal. 
Unfortunately, since the ratio increases numerically 
with both increase in sugar and decrease in acid, 
hence taste becomes very different, even though 
both are having the same ‘Brix acid ratio’. To overcome 
this drawback, fuzzy logic analysis was used to obtain 
the best mango on the market. Therefore, sensory 
evaluation using fuzzy logic is the most suitable 
method for quality evaluation.

Fuzzy logic has been successfully applied in many 
tentative that include sensory evaluation processes 
[8]. In sensory evaluation experiments, there were 
many products involved, such as food and beverage. 
The similar experiment can also be extended to 
mangos which are considered as one of the famous 
fruit worldwide. In this research, sensory evaluation 
of mangos is evaluated using a fuzzy logic. Human 
judges are used to measure the quality attributes of 
mangos. Sensory data depend on color, smell, taste 
and mouth feel are obtained through subjective 
evaluation [9], [2], [10]. With the data of sensory itself, 
we are unable to find out the strength and weakness 
of specific sensory attribute. Thus, fuzzy logic has the 
ability to find out the factors for low and high ranking 
of mangos by the judges. In the short term, fuzzy logic 
is a suitable model to determine the importance of 
individual factors to the overall quality of a product.

The Federal Agriculture Marketing Authority (FAMA) 
[11], ranking a mango using the human expert 
is inaccurate and sometimes this method has 
questioned its credibility. Moreover, the process of 
ranking a mango also takes too much time as it needs 
to rank the mango one by one. The human experts 
still could not satisfy the market demand in terms of 
quality. Besides that, the result obtained from different 

experts might lead to different results because the 
experts need to measure the features of the mango 
in according to the specification standard stated by 
FAMA. Hence, a more reliable and accurate method 
for ranking a mango is crucially needed. Therefore, in 
this research a sensory evaluation using fuzzy logic is 
proposed to rank mango qualities. 

This paper is organized as follows. The proposed 
model is introduced in Section 2.  Section 3 presents 
numerical results. It is followed by the concluding in 
Section 5. A conclusion is included in Section 6.

METHODOLOGY

The model used for the analysis of sensory data was 
developed by Jaya and Das (2002). There are three sets 
of fuzzy model for the present problem: (1) Factor set 
Xf, (2) Evaluation set Vf and (3) Fuzzy transformation 
Tf. All of the quality attributes can be classified under 
the factor set Xf such as color, smell, taste, and mouth 
feel of the products. The linguistic terms for each 
of the quality attributes can be classified under the 
evaluation set Vf such as Excellent, Good, Medium, 
Fair and Not Satisfactory. For the fuzzy transformation 
Tf  of the factor set Xf into evaluation set Vf, numerical 
values assigned to the linguistic terms are as follow: 
Excellent = 1, Good = 0.9, Medium = 0.7, Fair = 0.4 and 
Not Satisfactory = 0.1. In addition, the numerical value 
of linguistic terms has been given by the judges. The 
algorithm of the proposed method consisted of seven 
steps: 

Step 1:  Determine the fuzzy membership function Bf 
Step 2:  Normalize the fuzzy membership function Rf
Step 3:  Normalize the fuzzy membership function 
 matrix Df.  
Step 4:  Find the Judgment Membership Function 
 Matrix Jf.
Step 5:  Find the Judgment Fuzzy Set Sf.
Step 6:  Obtain the quality ranking value QR by 
 comparing the judgment membership 
 function with the respective judgment 
 subset Sf
Step 7:  Rank the sample quality



4 PLATFORM   VOLUME ELEVEN NUMBER TWO  JULY - DECEMBER 2015

PLATFORM - A Journal of Engineering, Science and Society

The first step of the fuzzy sensory evaluation method 
is to determine the fuzzy membership function Bf 
using Equation 1 . Fuzzy membership was calculated 
by counting and adding the individual linguistic term: 
‘Excellent’ (EX), ‘Good’ (GD), ‘Medium’ (MD), ‘Fair’ (FR) 
and ‘Not Satisfactory’ (NS), given to each of the quality 
attributes of the product and divided by the number 
of judges who tested the product. 

 B f  = 
∑Vf

Total of Judges
    (1) 

where Bf  is a Fuzzy Membership Function and Vf: is 
an Evaluation set.

In the second step, the Normalized fuzzy membership 
function was calculated using Equation 2 by 
multiplying each of the above membership functions 
with the assigned numerical value of the respective 
‘linguistic terms’, Lf, were: Excellent = 1, Good = 0.9, 
Medium = 0.7, Fair = 0.4 and Not Satisfactory = 0.1.

  Rf = Bf × Lf    (2)

where  Rf is a Normalized Fuzzy Membership 
Function, Bf is a Fuzzy Membership Function, and Lf 
is Numerical value of the respective ‘linguistic terms’.

Next, the normalized matrix was developed using 
Equation 3 as shown below:

 Df = ∑ Rf  for each quality attribute  (3)

where Df is a Normalized Fuzzy Membership Function 
Matrix.

Further, after the normalized fuzzy membership 
function matrix is developed, the column values of 
a sample were added and the individual values of 
the same column were divided by the ‘Maximum’ 
of the added value. The values were found to form 
the elements of the judgment membership function 
matrix. This matrix was taken for future work which is 
for the rank judgment of the samples.

 J f  =  
D f

max ∑ D f
    (4)

where Jf  is a Judgment Membership Function Matrix.
  
Judgment subset, Sf  has been established by averaging 
the numerical weightage as a fraction derived from 
the percentage of marks given for individual quality 
attribute given by the judge numerically for individual 
numerical attributes like ‘color’, ‘smell’, ‘taste’ and 
‘mouthfeel’.

 S f  =  1
N ∑ X i

N

i=1
     (5)

where Sf  is a Judgment Subset, N: Number of sample 
and Xi: Variable value.

In the sixth step, the individual elements of the 
judgment membership function matrix Jf were 
compared with the respective elements of the 
judgment subset Sf and the minimum of them was 
taken to form the quality-ranking subset, Qf.  The ‘and’ 
in fuzzy operations use min or t-norm was applied in 
obtaining Qf. 

In the final step, the quality sample is ranked based 
on quality-ranking subset Qf. According to the 
quality attribute, which gave the highest value, was 
considered as that the sample to obtain the highest 
rank. The ‘or’ in fuzzy operations were applied in 
making the decision.

NUMERICAL EXPERIMENT

Data were collected from fifty judges at the 
Department of Plantation and Agro Technology, 
Mara University of Technology in Arau, Perlis. The 
judges required deciding their sensory evaluation in 
linguistic terms of the quality attributes of color, smell, 
taste and mouth feels for each product and also the 
weight of each quality attribute [6]. Judges selected 
from age between 20 and 52 years, included 30 female 
and 20 male. Fifty judges are free from cigarette and 
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non-beetle leaf chewers were selected posit for their 
good health, obsess on food, interests in sensory 
evaluation, addicted to mangos, ability to focus learn 
and familiarity (i.e., having a point about the taste of 
mangos) with the mangos. The five types of mangos 
used in the sensory evaluation were Harumanis Apple, 
Tongdam, Siamese and Nam Dok Mai. Approximately 
350 slices of mangoes were prepared and presented 
to the judges. Before the real sensory evaluation, 
judges need to familiarize with the color, smell, taste 
and mouth feel of mangos. This is to prevent the 
judge from getting confused in making decision in 
future.  

Next, all of the judges were briefed by exposing the 
definition of quality attributes selected for sensory 
evaluation, clarified the score sheet and method of 
scoring. Judging was done between 10 am to 5 pm. 
He or she required to practice the scoring procedure 
three times with periodical interval according to the 
definition of each of the quality attributes before the 
final test. Furthermore, they were also required to 
judge the samples in a short time, but not in a hurry 
and to take two short sniffs of the samples before 
testing the sample and give the scores for quality 
attributes in the scorecard. They were advised to flush 
their mouth with water or take puffed rice before 
continuing testing the other samples [1].

Table 1  Sensory Evaluation Chart

Sensory Scale 
Factor

Sensory Quality
Factor

Excellent Good Medium Fair Not Satisfactory

Color

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Smell

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Taste

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Mouth Feel

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5
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The judges required to give the tick (√) mark in the 
respective fuzzy linguistic terms based on their own 
criteria and likings regarding mangos. Each judge 
needs to choose one of the fuzzy linguistic terms: 
‘Excellent’ (EX), ‘Good’ (GD), ‘Medium’ (MD), ‘Fair’ (FR) 
and ‘Not Satisfactory’ (NS), to show how much each 
sensory attributes generally contributes to the overall 
acceptability. Once the testing was done, they are 
required to give marks for each of the quality attributes 
out of 350 according to their own taste. Basically, 
these marks also known as ‘weightage’ of each 
attribute. All of the judges should give the average 
of weightages of each attribute and this is called 
‘average weightage’ of that quality attribute. Data on 
the sensory evaluation were collected at the Podium, 
Mara University of Technology in Arau, Perlis. Next, 

the data were analyzed using a Fuzzy comprehensive 
model to determine the ranking of the five mangos 
and the best quality attribute. Scorecards that are 
used for the evaluation are depicted in Table 1. 

Table 2 below is the data for sensory evaluation on 
mangos that are used in this research. Data were 
collected by distributing the sensory evaluation 
chart to the judges and ask them to give the tick (√) 
mark in the respective fuzzy linguistic terms based 
on their own criteria and likings regarding mangos. 
Next, data are compiled and analyzed using a Fuzzy 
Comprehensive Model. Microsoft Excel software was 
applied in this research to obtain more efficiently and 
faster calculation. 

Table 2  Quality attributes and fuzzy linguistic terms of mangos

Quality 
Attribute

Fuzzy Linguistic 
Terms

Harumanis 
Mango

Apple 
Mango

Tongdam 
Mango

Siamese 
Mango

Nam Dok 
MaiGolden 

Mango

Color Excellent 7 8 5 7 30

Good 22 25 7 6 11

Medium 18 12 13 13 7

Fair 3 4 13 11 1

Not Satisfactory 0 1 12 13 1

Smell Excellent 25 5 15 8 7

Good 17 28 16 13 24

Medium 8 9 10 8 14

Fair 0 6 8 10 2

Not Satisfactory 0 2 1 11 3

Taste Excellent 26 5 13 8 21

Good 20 14 22 14 13

Medium 4 20 7 15 6

Fair 0 3 8 7 7

Not Satisfactory 0 8 0 6 3

Mouthfeel Excellent 30 7 12 12 18

Good 15 8 19 12 16

Medium 3 19 12 9 8

Fair 2 8 5 7 4

Not Satisfactory 0 8 2 10 4
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Further, the decision on how to obtain the best quality 
attribute through sensory evaluation and ranking all 
of the five mangos using the seven steps that involved 
in this analysis are implemented as below. From Table 
2, the value of fuzzy membership function for each 
of the mangos are calculated. Fuzzy membership 
function, Bf and Normalized Fuzzy Membership 

Function, Rf  was calculated using the Equation (1) and 
Equation (2). These two membership functions led 
to the calculation of Normalized Fuzzy Membership 
Function Matrix, def using Equation (3). Likewise for 
all the samples and quality attributes were calculated. 
The results are presented in Table 3.

Table 3  Fuzzy Membership Function, Bf, Normalized Fuzzy Membership Function, Rf 
Normalized Fuzzy Membership Function Matrix, Df for quality attributes of Mangos

**1 2 3 4 5

Quality 
Attribute Scale factor +S1 S1 : FMF*** S1 : NFMF****

*1 Color Excellent 7 0.1400 0.1400

2 Good 22 0.4400 0.3960

3 Medium 18 0.3600 0.2520

4 Fair 3 0.0600 0.0240

5 Not Satisfactory 0 0.0000 0.0000

6  Total  0.8120

7 Smell Excellent 25 0.5000 0.5000

8 Good 17 0.3400 0.3060

9 Medium 8 0.1600 0.1120

10 Fair 0 0.0000 0.0000

11 Not Satisfactory 0 0.0000 0.0000

12  Total  0.9180

13 Taste Excellent 26 0.5200 0.5200

14 Good 20 0.4000 0.3600

15 Medium 4 0.0800 0.0560

16 Fair 0 0.0000 0.0000

17 Not Satisfactory 0 0.0000 0.0000

18  Total  0.9360

19 Mouthfeel Excellent 30 0.6000 0.6000

20 Good 15 0.3000 0.2700

21 Medium 3 0.0600 0.0420

22 Fair 2 0.0400 0.0160

23 Not Satisfactory 0 0.0000 0.0000

24  Total  0.9280

25  Total  S1t 3.5940

****NFMF – Normalize fuzzy membership function
***  FMF – Fuzzy membership function
**    1-5 is the column number
*      1-25 is the row number
+         S1 – Harumanis Mango
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According to Table 3, the normalized fuzzy 
membership function matrix, Df for S1 samples is 
given in Row 25 and it is set as S1t is 3.590. Likewise 
for the S2 sample the values of S2t is 2.8960, the S3 
sample the values of S3t is 2.9420, the S4 sample the 
values of S4t is 2.5000 and the S5 sample the values of 
S5t is 3.2960. From this result, we need to determine 
the maximum of normalized fuzzy membership 
function matrix, Df. S1 sample also known as S1t is a 

maximum of normalized fuzzy membership function 
matrix compared to the other sample with the value 
of 3.5940.

The normalized fuzzy membership function matrix 
Df was converted to Judgment Membership Function 
Matrix Jf by using the Equation (4). The value of Jf and 
their corresponding quality attributes are indicated in 
Table 4.

Next, the judgment subset, Sf was formed by using 
the Equation (5). The weightages average, Sf provided 
by the judges for each of the quality attributes are 
presented in Table 5.

Table 5  The weightages average Sf for each
of the quality attributes

**1                                                           2

Weightage average, Sf

*1 Color 0.21

2   Smell 0.215

3 Taste 0.35

4 Mouth feel 0.215

As for instance, if the weightage given by the judges 
for ‘Color (C)’, ‘Smell (S)’, ‘Taste (T)’, and ‘Mouthfeel 
(M)’ (Column 1) were respectively 0.21, 0.215, 0.35 and 
0.215, (Column 2), then, the judgment fuzzy set, Yf was 
developed as shown below:

Yf  =  0.21
C

0.35
T

0.215
S

0.215
M+ ++

The quality ranking subset values, QR were obtained 
based on the finding the minimum value between 
the judgment membership functions matrix, Jf  and 
judgment fuzzy set, Yf . The quality ranking subset is 
presented in Table 6.

Table 4  Judgment Membership Function Jf for quality attributes of mangos

 **1 2 3 4 5 6 7 8 9 10 11

  +S1 ***JMF ++S2 JMF +++S3 JMF ++++S4 JMF +++++S5 JMF

*1 COLOR 0.8120 0.2259 0.8120 0.2259 0.5360 0.1491 0.5440 0.1514 0.9060 0.2521

 2 SMELL 0.9180 0.2554 0.7820 0.2176 0.7940 0.2209 0.6080 0.1692 0.7900 0.2198

 3 TASTE 0.9360 0.2604 0.6720 0.1870 0.8180 0.2276 0.6900 0.1920 0.8000 0.2226

 4 MOUTH FEEL 0.9280 0.2582 0.6300 0.1753 0.7940 0.2209 0.6580 0.1831 0.8000 0.2226

*** JMF – Judgment membership function
**   1-11 is the column number   
*     1-4 is the row number
+      S1 is Harumanis Mango 
++       S2 is Apple Mango
+++     S3 is Tongdam Mango
++++   S4 is Siamese Mango
+++++ S5 is Nam Dok Mai Golden
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Finally, the ranking of the mango quality is the seventh 
step of the proposed fuzzy sensory evaluation model. 
The rank is assigned from the maximum of quality 
ranking subset value of mango sample and the 
ranking results are depicted in Table 7. From this 
research, we found that the sample S1 (Harumanis 
Mango) is the best quality based on the highest 
subset value 0.2604 based on the score obtained for 

the quality attribute ‘Taste’.  This is followed by sample 
S3 (Tongdam Mango) scored the second rank and 
it's also based on its ‘Taste’. Sample S5 (Nam Dok Mai 
Golden Mango) scored the third rank for its ‘Taste’. 
While the sample S2 (Apple Mango) scored the fourth 
rank due to its ‘Smell’ and sample S4 (Siamese Mango) 
scored the last rank based on the score obtained for 
the quality attribute ‘Taste’.  

Table 6  The Quality Ranking Subset Values of Mangos

 **1 2 3 4 5 6 7

  Judgment 
fuzzy set Yf +S1 : QR*** ++S2 : QR +++S3: QR ++++S4: QR +++++S5: QR

*1 Color 0.21 0.21 0.21 0.1491 0.1514 0.21

 2 Smell 0.215 0.215 0.215 0.215 0.1692 0.215

 3 Taste 0.35 0.2604 0.1870 0.2276 0.1920 0.2226

 4 Mouth Feel 0.215 0.215 0.1753 0.215 0.1831 0.215

***QR is Quality-ranking Subset
**         1-7 is column numbers
*           1-4 is row numbers
+S1        is Harumanis Mango 
++S2      is Apple Mango
+++S3     is Tongdam Mango
++++S4   is Siamese Mango
+++++S5  is Nam Dok Mai Golden

Table 7  Ranking of the Mangos

SAMPLE RANKING QUALITY FACTOR QUALITY RANKING 
SUBSET VALUES

Harumanis Mango
(Sample 1) I Taste 0.2604

Tongdam Mango
(Sample 3) II Taste 0.2276

Nam Dok Mai Golden 
Mango

(Sample 5)
III Taste 0.2226

Apple Mango
(Sample 2) IV Smell 0.215

Siamese Mango 
(Sample 4) V Taste 0.1920
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The proposed fuzzy sensory evaluation model with 
the use of fuzzy logic shows the advantages in 
generalizing the sensory evaluation of fruit, where 
the ranking process can be conducted consistent 
with the use of the set degree of membership. 
Furthermore, the fuzzy sensory evaluation could be 
done by following formula minimum t-norm fuzzy set 
operator.

CONCLUSIONS AND RECOMMENDATIONS

The fuzzy logic approach has been proposed for 
sensory evaluation on a mango fruit. This research 
aims is to determine the best mango types of the 
quality attributes of color, smell, taste and mouth 
feel. From the findings, Harumanis Mango found to 
be the best type of mango followed by Tongdam 
Mango, Nam Dok Mai Golden Mango, Apple Mango 
and Siamese Mango respectively. The fuzzy sensory 
evaluation model used linguistic terms and the 
weight of each quality attribute proved suitable for 
fruit evolution in a subjective environment. The model 
could be used as an alternative approach in solving 
the problems that involve uncertainty. The main 
contribution of the research model was the usage 
of normalized fuzzy membership function matrix 
and weight. The evaluation output comes nearer to 
precision if the combination factors were accurately 
defined. To extend this effort we propose further 
research to obtain a universal view on an appropriate 
linguistics term, weight and the use of the other fuzzy 
arithmetic operator.
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ABSTRACT

An effort has been made to understand, analyze, forecast and to monitor the production performance of a pool fluids, 
so as the find an optimum condition for the pool production system, at which the minimum energy consumption 
of lifting fluids can be ensured under rational production cost. Different theories are used to understand and to 
analyze the impact of different field production system components. Hence, by isolating or keeping constant one 
of these components, petroleum engineers can estimate the optimum field and well design conditions at which the 
hydrocarbon production performance of the field can be enhanced by rational cost and natural depletion energy.

Keywords:   Nodal analysis, Material Balance, decline curve analysis, pool fluids

INTRODUCTION 

As any other business or industry, production of 
reservoir fluids has to do with minimizing all the 
risks and make sure that the project is economically 
sustainable and profitable. Otherwise, the project 
should not be implemented. Consequently, the 
reserve and the cost of its production have to be well 
estimated before hydrocarbon production can be 
considered in a field.

That evidence on how crucial is the need of properly 
estimation of the volume of the oil and gas found 
initially in place from a given reservoir, the volume 
of oil and gas that can be recovered under natural 
driving mechanisms, the cost of the production,  
understanding the production driving energy 
depletion impacts on hydrocarbon production, as 
to design an optimum production plan, ensuring 
maximum pool energy utilization efficiency in 
lifting hydrocarbons, under rational production rate 
throughout the field production life.

However, to achieve all mentioned above, it is 
important to select an appropriate methodology, tool, 
and theories through the development of the field, 
minimizing all the risks involves, in order to increase 
the business confidence and optimism of the partners, 
when investing in the project. No one would like to 
invest in a project without clear expectations, even 
less in the oil and gas industry project, without a clear 
optimal definition and estimation of the percentage 
of the recoverable volume of hydrocarbon initially in 
place. 

The need of estimating hydrocarbon volume initially 
in place and the future production performance 
is crucial in the oil and gas industry as illustrated in 
the section above. Estimation of production profile 
over time of a hydrocarbon field usually depends 
on comparing the capital expenditure (CAPEX) and 
operating expenditure (OPEX) expenses involved in 
those reserve exploitation over the project’s incomes 
through the field production life. When presenting 
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the project to your partners, a good supporting 
production forecast is necessary to be provided. 
The need of forecasting hydrocarbon’s reserve in 
an “optimum manner” can be summarized in the 
following aspects: 

1) Volumetric to estimate the volume of 
hydrocarbons in place. 

2) Operational for making production surveillance 
activities more effective. The estimated 
production profiles is used to analyze the 
production performance, as to identify potential 
problems involved in hydrocarbon production.

3) Facilities for making timely bookings for the 
transportation of the produced hydrocarbons and 
for properly design the topside facilities.

Thus, the main objectives of this study are:

1) To estimate and evaluate production performance 
of a well.

2) To estimate the appropriate and cost effective 
operating conditions for a producing well.

3) To analyze the impact of different well’s tubing 
sizes on the economic viability of a project.

This project is directed to the development of a 
spreadsheet or simplified methodology for making 
probabilistic production forecast using nodal 
analysis, material balance, and decline curve theories. 
Under the different operating rates, the tubing size 
appropriate of maximizing the pool energy utilization 
efficiency, minimizing the cost, and ensuring the 
longest production life of a well/field is estimated.

THEORY

Lee and Robert in 1996 stated that the decline curve 
analysis, nodal analysis, and material balance analysis 
nowadays are the common methods used in the oil/
gas industry to estimate the life cycle and the future 
production performance of a hydrocarbon reservoir 
[1]. 

1.  Nodal analysis

Nodal analysis is one of the tools used in petroleum 
engineering and by petroleum engineers to analyze 
the performance of a well in production according to 
Keren [2]. The Nodal analysis illustrates the relationship 
or, the behavior of the bottom hole flowing pressure 
and the rate of hydrocarbons’ production of a well [3].

After perforation, the flow of hydrocarbons from 
the formation to the surface is provided under the 
conditions that the reservoir has enough pressure or 
energy to overcome the back pressure exerted by the 
flowing fluids as to overcome the friction losses of the 
flowing fluids through the tubing. The total pressure 
losses in the system at any given time are different 
between the initial reservoir pressure and the final 
fluid pressure at the surface. This pressure can be 
computed as the sum of the pressure losses occurring 
in all the production system’s components. So, “the 
final design of the production system must relate 
the reservoir performance and the piping system 
performance, and not independently”.

Any gas/oil system has an optimum size of the tubing. 
The use of small tubing size will limit the production 
rate because of the friction resistance caused by the 
fluid particles under high velocity flow. Oversizing also 
may cause liquid phase loss because of the slippage 
effect. Therefore sensitivity analysis is always needed. 
Under hydrocarbon production area, the optimum 
tubing size can be defined using the sensitivity 
analysis, which is based on the Nodal analysis.

2.  Decline curve analysis

As explained by Khulud and Mohamed [4], decline 
curve analysis is nowadays the widely method used 
for the estimation of the hydrocarbons’ production 
from a well, when there are historic production data 
available. During decline curve analysis, the reservoir 
must prevail at the stable condition.
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In 1945 Arps stated the technique of forecasting 
the future hydrocarbons production performance 
mathematically [5]. The decline analysis technique 
includes three type of rate decline behavior: 
a) Harmonic decline curve model
b) Exponential decline curve model 
c) Hyperbolic decline curve model 

3.  Material Balance

The material balance concept, in reservoir engineering, 
is with the volumetric calculation, an effective method 
to estimate the volume of oil/gas originally in place, is 
the production historical data of the well are available 
[1]. 

According to Keppe  in 2015, material balance equations 
are derived from the principle of mass conservation, 
where the initial volume of hydrocarbons in a reservoir 

equals to the remover volume plus the remaining 
volume of hydrocarbons in the reservoir [6].

METHODOLOGY

Apart from the used of the nodal analysis, material 
balance and decline curve mathematical formulas, 
data to develop the spreadsheets and to analyze and 
optimize the well operating conditions was derived 
from the Aseng field. 

Aseng is an oil and gas field lying in block I offshore, 
Bioko Norte, Guinea Equatorial. The field is found at 
the depth of 3100 ft. approximately. Noble Energy EG 
Ltd. is the operator company. According to Morales, 
Aseng has estimated oil reserves of 100 to 120 million 
barrels and estimated gas reserves of 450 to 550 
BSCF [7]. Table 1 below illustrates the rock and fluid 
properties of the field.  

Table 1  Rock and fluid properties of the Aseng field

Property/Parameter Magnitude

Permeability (mD) 5000

Porosity (fraction) 0.26

Reservoir Pressure (psia) 4300

Reservoir temperature (F) 198

Bubble point pressure (psia) 2400

Depth (ft) 3100

Ptf (psia) 2500

Twf (F) 200

Oil viscosity (cP) 2.811

Oil density (cP) 42.05

Gas viscosity (cP) 0.016

Gas density (lb/ft3) 1.188

Liquid density (lb/ft3) 42.1
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RESULTS AND DISCUSSION     
                                                    
Natural flow operating points

Firstly, we considered a well that is producing only 
natural gas. Using the inflow curves as to describe the 
reservoir performance, the size of the tubing to be 
used should be selected in the way to minimize the 
pressure loss throughout the reservoir. The pressure 
drop is analyzed by different gas flow under various 
BHP and various tubing sizes.

As the formation fluids flow to the surface, the total 
energy loss in the system at any given time are the 
differences between the initial formation pressure 
and the resulting BHP. The volume of reservoir fluids 
flowing into the well from the formation depends more 

on the pressure drop in the entire production system, 
including the piping system; thus, emphasizing the 
analysis of the entire production system as a unit, and 
not independently. The following plot, developed 
using both inflow and outflow mathematical 
equations, describes the impact of the well tubing ID 
(ranged from 1.049 in), and gives the tangential points, 
defining the natural flowing operating conditions of 
the well at different BHP.

Due to the importance of production flow rate as an 
essential parameter for estimating and optimizing 
the size of the tubing, the natural production flow 
rates from the above figure are used in all analysis. 
Table 2 below summarizes the different operating 
flow conditions estimated, as the reservoir pressure 
depletes.

Table 2  Natural operating flow points

P_r 
(psia)

ID=1.049 in ID=1.65 in ID=2.041 ID=2.992

BHP 
(psia)

q 
(mscfd)

BHP 
(psia)

q 
(mscfd)

BHP 
(psia)

q 
(mscfd)

BHP 
(psia)

q
(mscfd)

4300 3920 3870 3360 9000 3060 11100 2760 13750

4100 3740 3570 3240 8000 2980 10000 2740 11500

4000 3650 3400 3175 7450 2940 9280 2735 10790

3900 3560 3200 3120 7000 2905 8600 2730 9600

3700 3380 2800 3000 5950 2840 7100 2720 8000

3500 3215 2410 2895 4900 2780 5700 2705 6200

3300 3058 2000 2815 3800 2740 4250 2695 4600

3100 2910 1450 2742 2600 2715 2850 2690 3000

3000 2850 700 2720 2000 2700 2190 2685 2200

2800 2740 400 2690 740 2680 750 2680 755

Figure 1 describes the outflow performance of well 
tubing size ranging from 1.049 to 2.992 in. since 
the 2.992 in ID tubing can be used to achieve the 
maximum production rate under reservoir pressure 
of 4300 psia.  Considering that the cost of the tubing 

is directly linked to the size of the tubing, figure 2 
illustrates that there is no need of using well tubing 
with a size bigger than 2.992 inches.
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Figure 1  Inflow and outflow performance curves
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Estimating the minimum anti erosion tubing size

Due to the excessive flow velocity, erosion may occur 
within the well tubing during production activities. 
And considering the energy loss of lifting fluids due 
to friction resistance and all the possible economic 
impact which may arise from tubing erosion, tubing 
size optimization ensuring lower energy consumption 
and avoiding erosion is necessary. Summarizes the 
relationship between the production flow estimated 
and the calculated erosive flow rates within the 
different possible tubing to be used. The plot is 
generated assuming the reservoir is at the initial 
condition, meaning at 4300 psia.

As erosion may occur during high flowing velocity, in 
other words, when the flow rate exceeds the erosive 
flow rate, the plots illustrate that the corresponding 
erosive flow rate is above the production flow as 
tubing sizes lower than 1.9 in are used. As it is observed 

that erosion will occur in tubing with ID lower than 1.8 
in, thus tubing size bigger than 1.8 have to be used.
Maximum tubing size determination

When selecting the optimum tubing size, it is 
important to consider the possibility of lifting liquid 
in order to avoid liquid accumulation in the bottom 
of the well due to slippage effect. So, the maximum 
tubing size that meets the requirement has to be 
estimated using an equation known as Jones Pork 
formula.

      Q_max = 55.164*[(10)]^4*(A)√(P_ws/(ZTγ_g ))       (1)

Figure 4 illustrates whether the minimum production 
rates that can be achieved for each tubing can satisfy 
the need of carrying liquid. In theory, when the 
selected tubing ID is not bigger than the maximum 
allowable calculated size, the well will not have lifting 
liquid problems.
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Figure 3  Maximum tubing size with 
possibility of lifting liquids
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Figure 3 shows that at the production below 500 
mscfd. To meet the requirement of lifting liquid, at 
500 mscfd production rate, the maximum allowable 
tubing size is about 1.5 in, lower than many of the 
above expected or estimated tubing sizes. However, 
as the production increases, the expected maximum 
allowable tubing size increases as well, giving the 
possibility of using any of the estimated tubings. For 
example, when the flow reaches 1000 mscfd, any of 
the tubing sizes can be used. At the gas flow rate of 
800 mscfd, a tubing size bigger than 2.5 in may not be 
the appropriate one to be used.

Tubing cost optimization

Individual well
Apart from the parameters above analyzed, the cost 
of each tubing string and the point at which the 
expenses made for the acquisition of the well tubing 
balances the incomes from selling the produced 
fluids are also used in order to estimate the most 
appropriate and optimum tubing size to be used 
through the production life. Table 3 developed by 
considering the cost of the natural gas at 2.00 $/
mmbtu and assuming the used of J-55 tubing grade, it 
illustrates the estimated the time needed to produce 
the estimated volume of gas that balances the cost of 

the tubing.  API acknowledges two ranges for tubing, 
in this study, range 2, with the tubing length of 32 ft. 
are used.

Table 3 illustrates that the tubing ID of 1.041 may 
not be economically profitable since, even with the 
lowest cost to recover, it takes longer to balance 
the cost if compared to the tubing size of 1.65, and 
almost the same time when compared with 2.041 ID.  
In economic, for a project to be viable, a lower break-
even is better, meaning that the company will have to 
sell the lower volume of the product to recover the 
costs before they start making a profit.

As the volume of the product to be sold has to be 
considered, tubing size ID of 2.992 in may not be an 
optimum selection, since the company will almost 
need to double the volume of the gas to balance the 
cost if compared with 2.041 in tubing, or they will have 
to triplicate the volume if compared with 1.65 in. And 
besides having the largest flow of production, it has 
the highest break-even point, evidencing that there is 
not a formal (direct or inverse) relationship between 
the flow rate or the size of the tubing to be used with 
how faster the cost can be recovered. ID of 1.049 in. 
with lower production flow has higher break-even 
point when compared 1.65 ID tubing.
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Table 3  Break even for individual well

Grade ID (in) Nominal 
weight (lb)

String 
weight (lb)

Estimated string 
cost (106$)

Estimated 
bscf of gas

Break-even time 
(days)

J-55 1.049 1.7 5270 2.635 1.283 344.9

J-55 1.65 2.75 8525 4.262 2.075 253.5

J-55 2.041 4.6 14260 7.13 3.471 359.9

J-55 2.992 9.2 28520 14.26 6.943 704.1

Table 3 illustrates that the tubing ID of 1.041 may 
not be economically profitable since, even with the 
lowest cost to recover, it takes longer to balance 
the cost if compared to the tubing size of 1.65, and 
almost the same time when compared with 2.041 ID.  
In economic, for a project to be viable, a lower break-
even is better, meaning that the company will have to 
sell the lower volume of the product to recover the 
costs before they start making a profit.

As the volume of the product to be sold has to be 
considered, tubing size ID of 2.992 in may not be an 
optimum selection, since the company will almost 
need to double the volume of the gas to balance the 
cost if compared with 2.041 in tubing, or they will have 
to triplicate the volume if compared with 1.65 in. And 
besides having the largest flow of production, it has 
the highest break-even point, evidencing that there is 
not a formal (direct or inverse) relationship between 
the flow rate or the size of the tubing to be used with 

how faster the cost can be recovered. ID of 1.049 in. 
with lower production flow has higher break-even 
point when compared 1.65 ID tubing.

Multiple wells analysis

Economic analysis is carried out in this section using 
the combination of different well tubing sizes. The 
break-even point parameter again is used to analyse 
and estimate the economic impacts when using the 
production flow from a different well completed with 
different tubing sizes.

Considering the fact that the performance of each 
well is not affected by other, the flowing combination 
presented in Table 4 analyzed. Figures 5 and 6 are 
generated describing individual well production flow 
and cumulative in 1000 days respectively.

Table 4  Cases presenting different combinations

case description

A 4 well of 1.049 in 

B 4 wells of 1.65 in 

C 4 wells of 2.041 in 

D 4 wells of 2.992 in

E 4 wells of 1.049, 1.65, 2.041, and 2.992 in 

F 2 wells of 2.992 in + 2 well of 2.041 in

G 2 wells of 1.049 in + 2 wells of 1.65 in

H 2 wells of 1.65 in + 2 wells of 2.041 in
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Figure 5  An individual well production profile
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Figure 6  An individual well cumulative

Having Figures 5, 6, and 7 illustrating the cumulative production under the different cases can be generated.  
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Figure 7  Individual case cumulative profile within 1000 days

Using the same analysis as single well, Table 5 is generated.

Table 5  Break even for multiple wells

Case Estimated string cost 
(106$) Estimated bscf of gas Break-even time (days)

A 10.54 5.131451 339.0567

B 17.05 8.300876 237.5394

C 28.52 13.8851 329.7264

D 57.04 27.7702 675.0589

E 28.2875 13.77191 377.9608

F 42.78 20.82765 438.4795

G 13.795 6.716164 264.1552

H 22.785 11.09299 281.3747
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CONCLUSION

In optimizing the production, to ensure the minimum 
energy use when lifting reservoir fluids under natural 
production rate, the corresponding erosive flow 
rate is higher than the production rate when tubing 
size is less than 1.8 inches. Observation showed that 
erosion would occur in tubing with ID lower than 1.8 
in, thus bigger tubing sizes are recommended for the 
investigated scenarios.

In terms of breakeven parameters and the tubing 
sizes, there is no clear relationship between the tubing 
diameter and cost recovery or breakeven period. Cost 
analysis using breakeven parameter may be a useful 
tool when optimizing wells to ensure rational energy 
loss for lifting fluids. The optimum tubing size to 
achieve optimal production and avoid bottom hole 
fluid accumulation is 2.041inches. Furthermore, the 
analysis of the optimal well-operating condition can 
conduct single well, since, under economic analysis, 
the break-even points for both single well and the 
different cases defined for multiple wells are quite 
related.

RECOMMENDATION

Future study should consider other parameters such 
as the performance of the choke, analysis of the 
optimum well head pressure, since the impact of 
the bottom hole flowing fluid density change as the 
liquid gas ratio is not constant through the production 
process when optimizing production performance.
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ABSTRACT

The development of Radio Frequency (RF) energy harvester circuit based on optimizing the cascading stage and 
utilizing the Global System for Mobile Communications (GSM) band is presented. The RF energy harvester circuit 
is implemented using a 3 stages Dicksons voltage multiplier circuit and are analyzed using uplink (890 MHz – 915 
MHz) and downlink (925 MHz – 960 MHz) of GSM signal. An improved version of RF energy harvester circuit is further 
discovered by fabricating it with surface mount devices (SMD) on the low dielectric constant printed circuit board 
(PCB). The technique presented in this paper is aimed to produce the highest possible DC output voltage that enables 
to substitute the battery application for low power specifications on electronic devices. The RF energy harvested 
through the 3 stages Dickson multiplier is 22.4 V at +4.22 dBm. 

Keywords RF energy harvester; 3-stages; GSM; low power application; SMD

INTRODUCTION 

GSM-900 has been chosen to be the best source of 
the energy harvester due to its rapid growth of GSM 
subscription around the world.  An article was found in 
Cellular News website, by the year 2007, it has reaches 
3 billion cellular phone user worldwide derived from 
the GSM family which declared by 3G Americas as 
the trade body. This research statistic shown the GSM 
subscriptions are almost triple the figure of users 
which accessing internet worldwide [2]. Moreover, 
taking consideration of the coverage area of the GSM 
technology, in [3] shows the statistic obtain from the 
GSMA website proven that by 2009 all the Asia countries 
has reached the surface area coverage for GSM signal 
and its percentage are speedily increase from the year 
2007 to 2009 although some countries still maintain 
on certain percentage. This critical bridging between 
an express expansion of GSM subscriber and the 
coverage area of GSM technology as well as the close 
association to RF energy harvester uses the GSM-900 
band frequencies as the source of energy has evidently 

proven the marketable opportunity for RF Energy 
Harvester circuit [1]. Nevertheless, energy harvesting 
can convey towards improvement in technology 
development that noteworthy contribution will occur 
towards the environment by energy saving. In this 
paper, RF energy harvester based on GSM-900 signal 
is presented. Two objectives are proposed which are 
the formation of RF energy harvester involves unique 
simulation method on Dickson’s topology in utilizing 
lower dielectric constant PCB integration with SMD 
components.

Topologies for Voltage Multiplier Circuit 

Circuit design selection on the suitable voltage 
multipliers circuit receives a conscientious attention 
with the initiation of the RF energy harvesting. Various 
topologies of the voltage multiplier have been recently 
anticipated including Villard voltage multipliers [4], 
Cockcroft-Walton (CW) voltage multipliers [5] and 
Dickson voltage multipliers [6]. In [7], Villard voltage 
multipliers circuit provides superior characteristic due 
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to its ability to double up the RF input signal in the 
direction to the common ground with only a solitary 
output whereas CW voltage multipliers have all the 
stages capacitors cascaded within each other in which 
the ripples at the output would be higher since it is too 
taking part in the multiplication process [8]. Previous 
findings in [9] disclosed contradicting features when 
CW voltage multipliers circuit illustrated in the paper 
is named as Villard voltage multipliers. However, 
justifications in [6] have drawn a fine line between 
this assumption by giving a clear depiction that 

CW voltage multipliers is actually Villard voltage 
multipliers. where the circuit demonstrated in the 
literature [4] and [7] as well the superior characteristic 
reported is hypothetical to be  Dickson voltage 
multipliers which is further supported by [10]. Literally, 
all three mentioned topologies are genuinely from the 
same fundamental voltage multiplier if it remained at 
the single stage as exemplify in Figure 1. Conversely, 
the subsequent stages are defining the difference as 
illustrated in Figure 2 and Figure 3. 

Figure 1   Fundamental of Voltage Multiplier

Figure 2  Three Stages of Villard or CW Voltage Multipliers Circuit
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Figure 3  Three Stage Dickson Voltage 
Multipliers Circuit

Stage Optimization of Voltage Multiplier

In RF energy harvesting, the number of stages in 
the voltage multiplier has exerted a great influence 
towards the output voltage and its output power in 
watt [6] as well as its ability to scavenge the energy 
even at the very minimal power ratio (dBm) of the 
signal into DC voltage level. Arguments pertaining 
optimization of voltage multiplier stages has brought 
a diverse justification on RF energy harvesting. 
Starting from the lowest possible stages studied, 
a 3 stages multiplier is proposed using a modified 
Complementary Metal Oxide Semiconductor (CMOS) 
where weakest power amplitude achieved is -10 dBm 
with 12.39 μW [11]. Meanwhile, a 4 stage multiplier is 
tested in [4] with a combination of leaded and SMD 
components; the result shows that the 4 stages 
multiplier circuit is able to scavenge 1.99 μW at -27 
dBm power ratio. However, the analysis in [9]  reported 
that voltage multiplier with 5 to 6 stages is able to 
produce the best output voltage with the condition 
to use 0.47 nF of stage capacitors. This statement is 
also supported by [12] which uses 6 stages multiplier 

circuit. An opposite proclamation is discovered when  
the 7 stages of multiplier is superlative when it is able 
to reach low power ratio, -20 dBm at [6] and -4 dBm at 
[5].  All analysis in [5], [8],[11],[13] use Villard’s topology 
as their circuit multiplier whereas [5] use CW voltage 
multiplier which later on was declared similar.  

Method of Design Optimization

Each 10 stages of both CWs and Dickson circuit 
multiplier are simulated using Agilent Advance Design 
System (ADS) software, v 2011.01. A common way of 
simulation can be done by tagging each stage of the 
output and obtain the result after one execution as 
shown in Figure 4. Instead of doing that, an improved 
simulation method is performed to determine 
the optimized stages for RF energy harvesting by 
simulating each stage independently descending 
from stage 10. Nonetheless, through the similar 
simulation, the best topology that able to produce a 
higher output voltage (the bold one) is selected from 
the data tabulated in Table 1.
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Table 1  Comparison of Simulation Output Voltage Based
on Different Voltage Multiplier at Power of 0 dBm

No Stage No.
Output Voltage [V]

CW / Villard Voltage Multiplier Dickson Voltage Multiplier

1 1 0.356m 0.377m

2 2 0.911m 0.927m

3 3 0.935m 0.947m

4 4 0.895m 0.909m

5 5 0.843m 0.867m

6 6 0.756m 0.799m

7 7 0.522m 0.638m

8 8 2.236μ 0.295m

9 9 1.694n 5.678μ

10 10 1.987n 2.76μ

Figure 4   Common Method of Simulation for 10 stages multiplier
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Impedance
match

Figure 5  3 Stages Dickson Topology RF Energy Harvester (PCB Circuit) 

In the improved design of RF energy harvester, the 
transmission microstrip line on the PCB from the SMA 
connector to the first circuit component is designed 
with a precise calculation. This is to ensure that the 50 Ω 
impedance from the source to the first functional 
component of the circuit is matched. Rearranging 
the Equation 1 representing the impedance, a newly 
ordered Equation 2 is formed as following for the 
computation of the width (w) of the microstrip 
transmission line where it consists thickness of copper 
cladding (t), height of PCB substrate (h), dielectric 
constant (εr) and a 50 Ω impedance (Z0) [13]. The 
final fabricated 3 stage Dickson’s topology RF energy 
harvester is shown in Figure 5. Even though the signal 
after the first component is imposed with a higher 
ripple, it is still considered as a rippled DC voltage with 
an offset from zero. 

    Z0=                    X ln     (1)   

      w=[ 5.98h
Z0 (εr+1.41)1_2  

_ t ]  
X 0.8   (2)

          e     87.0     
  

RESULTS AND DISCUSSION

In this study of RF energy harvester, the PCB dielectric 
loss analysis is done to ensure the right type of PCB is 
chosen for RF Energy Harvester circuit development. 
The criterion which set as a judgmental standard 
is the dielectric constant (εr) also known as relative 
permittivity. The analysis is completed by using two 
different dielectric constant PCB in the same 3 stages 
topology model with leaded component which the 
power amplitude is set to 0 dBm. The red variation in 
Figure 6 indicates RO5880 (εr = 2.2) as the type of PCB 
whereas the blue indicates the FR4 (εr= 4.2). RO5880 
is able to produce a higher output voltage variation 
compares to FR4. This phenomenon has pointed 
out the importance of selecting the low dielectric 
constant (εr) of PCB to mitigate output loss. Output 
loss usually occurs due to the absorption of energy 
especially radio frequency type of energy into the 
PCB substrate. This aspect is considered as one of the 
improvements done in RF energy harvester.

87.0
(εr+1.41)1_2[ ] [ ]5.98h

0.8w+t

1
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Figure 6  PCB Dielectric Loss Analysis Result

Figure 7  Component Type Analysis

Meanwhile, dielectric loss can happen from the effect 
of components used in the circuit. As per Figure 7 
circuit with leaded ceramic capacitor and diode are 
tested on RO5880, however, the result in terms of 
the output voltage is just too ordinary but a drastic 
improvement is observed for a circuit that uses SMD 
component of multilayer ceramic chip capacitors 
(MLCCs) and microwave Schottky detector diodes. 
The reduction of the dielectric structure in the SMD 
component reduces the resistance value as well as for 
the inductance and hence able to increase the output 
voltage by mitigating the dielectric loss. 

Based on the lab experiment on free space transmission, 
the 3 stages Dickson topology of RF energy harvester 

is tested with 11 different measurements of distances. 
An 8 dBi transmitter that transmits signal at 915 
MHz is used as the RF source where a GSM receiver 
antenna with 2 dBi that connected to the circuit is 
used to receive the signal.  According to Table 2 with 
approximately close to 0 m the energy harvested 22.4 
V at +4.22 dBm with no load. The high output voltage 
is due to a very minimal free space loss occurred. If 
it compared with energy harvested at 5 m from the 
transmitter, the voltage is definitely much lower due 
to a higher free space loss. However, distance should 
not be the only restriction on RF energy harvesting as 
high specification transmitter and receiver have been 
selected. The case of the receiver can be replaced 
to what similar to a mobile phone and the signal is 
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transmitted from the cell tower, the possibility of 
harvesting a higher output voltage is fairly increased. 
Though, another limitation shall be considered when 
the circuitry system is loaded. As depicted in Table 3 
the output voltage dropped significantly when a 1.5 

kΩ load is connected to the RF energy harvester. In 
other words, the size of the load will not influence 
the energy harvested but will manipulate the output 
voltage after the load. 

Table 2   No Load 3 Stages 
DicksonTopology Distance Analysis

Distance
[m]

Power Ratio 
[dBm]

Output Voltage 
[V]

Output Current 
[mA]

0 +4.22 22.400 448
0.5 -13.20 17.950 359

1.0 -14.00 7.673 153

1.5 -17.80 4.455 89

2.0 -22.50 4.085 81

2.5 -25.30 1.980 39

3.0 -29.60 1.857 37

3.5 -33.70 1.475 29

4.0 -40.60 1.238 24

4.5 -42.90 1.980 39

5.0 -52.00 2.970 59

Table 3   Loaded 3 Stages 
Dickson Topology Distance Analysis

Distance
[m]

Power Ratio 
[dBm]

Output Voltage 
[V]

Output Current 
[mA]

0 +3.58 4.219 2.812
0.5 -14.00 1.240 0.820

1.0 -37.80 0.620 0.413

1.5 -38.70 0.247 0.164

2.0 -39.10 0.247 0.164

2.5 -35.00 0.312 0.208

3.0 -39.30 0.302 0.201

3.5 -41.70 0.248 0.166

4.0 -37.50 0.247 0.165

4.5 -34.60 0.248 0.165

5.0 -35.80 0.249 0.166
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CONCLUSIONS

A GSM-900 based RF energy harvester with 
optimized 3 stages Dickson topology by utilizing 
the low dielectric constant PCB (RO5880) and SMD 
component is presented in this paper. The energy 
harvester has proved to be good in performance 
with its miniaturized structure of 2.3 cm x 4 cm (W x 
L). The fabricated energy harvester is tested and has 
the ability to produce a higher output voltage with 
mitigated losses. 

ACKNOWLEDGMENT

This work was supported by Ministry of Higher 
Education, Malaysia under Fundamental Research 
Grant Scheme (FRGS) 0153AB-L07. The authors would 
also like to thank the Universiti Teknologi PETRONAS 
in particular, the Research and Innovation Office for 
providing IGEN 0153DA-048 Fund.

REFERENCES

[1] S. Priya and D. J. Inman, Energy harvesting technologies, 
New York: Springer, 2009.

[2] Cellular News, "GSM Family Subscriptions Reach 3 
Billion Worldwide",  [Online]. Available: http://www.
cellular-news.com/story/30401.php. Accessed on 
April/15/2008.

[3]  GSMA, 2013, "Mobile for Development Impact", [Online]. 
Available: https://mobiledevelopmentintelligence.
com/login/new?redirect_url=%2Fstatistics%2F66-
gsm-coverage-area. Accessed on July/13/2013.

[4]  K. K. A. Devi, M. D. Norashidah, C. K. Chakrabarty and 
S. Sadasivam, "Design of an RF-DC conversion circuit 
for energy harvesting," in 2012 IEEE International 
Conference on Electronics Design, Systems and 
Applications (ICEDSA), 2012, pp. 156_161.

[5]  S. S. B. Hong, R. Ibrahim, M. H. M. Khir, H. Daud, and 
M. A. Zakariya, "Rectenna architecture based energy 
harvester for low power RFID application", in 2012 4th 
International Conference on Intelligent and Advanced 
Systems (ICIAS), 2012, pp. 382_387.

[6]  P. Nintanavongsa, U. Muncuk, D. R. Lewis and 
K. R. Chowdhury, "Design optimization and 
implementation for RF energy harvesting circuits",  in 
IEEE Journal on Emerging and Selected Topics in Circuits 
and Systems, vol. 2, pp. 24_33, 2012.

[7]  K. K. A. Devi, N. M. Din and C. K. Chakrabarty, 
"Optimization of the voltage doubler stages in an 
RF-DC convertor module for energy harvesting", in 
Circuits and Systems, vol. 3, p. 216, 2012.

[8]  I. C. Kobougias and E. C. Tatakis, "Optimal design of 
a Half Wave Cockroft-Walton Voltage Multiplier with 
different capacitances per stage," in EPE-PEMC 2008: 
13th Power Electronics and Motion Control Conference,  
2008, pp. 1274_1279.

[9]  P. Aminov and J. P. Agrawal, "RF Energy Harvesting", 
2014 IEEE 64th Electronic Components and Technology 
Conference (ECTC), 2014, pp. 1838_1841, 2014.

[10]  J. D. Ryder, Electronic Fundamentals and Applications, 
India: PrenticeHall, 2004.

[11] H. Jabbar, Y. S. Song  and T. T. Jeong, "RF energy 
harvesting system and circuits for charging of mobile 
devices," in IEEE Transactions on Consumer Electronics, 
vol. 56, pp. 247_253, 2010.

[12] M. Arrawatia, M. S. Baghini and G. Kumar, "RF energy 
harvesting system from cell towers in 900MHz band," 
in  2011 National Conference on Communications (NCC), 
2011, pp. 1_5.

[13]  A. J. Burkhardt, C. S. Gregg and J. A. Staniforth, 
"Calculation of PCB track impedance," in Circuit World, 
vol. 26, pp. 6_10, 2000.



32 PLATFORM   VOLUME ELEVEN NUMBER TWO  JULY - DECEMBER 2015

PLATFORM - A Journal of Engineering, Science and Society

AUTHORS' INFORMATION

Rejinah Jessy Savarimuthu  is a 
member of alumni in Universit y 
Teknologi PRTRONAS with Bachelor in 
Electrical & Electronic Engineering 
(Hons). She is currently a Power System 
Engineer with Gamuda Engineering Sdn. 
Bhd. who is presently engaged on the 

KVMRT Line 2 Project managing the Power Supply and 
Distribution contract. Rejinah has been engaged in various 
positions handling Electronics Access Control and overall 
electrical Systems Integration. Rejinah is expanding her 
experience to cover trackwork and maintenance vehicles 
which is in line with the company's initiative to develop 
railway engineers with diverse knowledge to meet the 
challenges posed by the expansion of the Malaysia railway 
network.

Zuhairi Baharudin is a faculty member 
in Electrical and Electronics Engineering 
Department at Universiti Teknologi 
PETRONAS, Malaysia. In 2010 he received 
his PhD degree from Universiti Teknologi 
PETRONAS. Currently he served as 
Associate Professor in the department. 

He had published many papers in the area of power systems 
and communications technology. His research interest 
includes forecasting, empirical modeling, renewable energy, 
artificial intelligence applications and communications 
technology.

Associate Professor Ir. Dr. Rosdiazli 
Ibrahim is the Head of Department of 
Electrical and Electronics Engineering. 
He received his BEng. (Hons) Electrical 
Engineering from Universiti Putra 
Malaysia in 1996. In 2000, he was 
awarded a Master of  Science in 

Automation and Control (Distinction) from University of 
Newcastle Upon-Tyne, UK with. He was conferred a PhD 
degree in Electrical and Electronic Engineering from the 
University of Glasgow, UK in 2008. He is a Chartered Engineer 
registered with the UK Engineering Council. 

Dr. Rosdiazli was formerly an Instrument Engineer at 
PETRONAS Fertilizer (Kedah) Sdn. Bhd. He joined UTP in 1999 

and is currently an Associate Professor. His current research 
areas are intelligent control and nonlinear multivariable 
process modeling for process control application and he 
has presented and published several articles in such areas.

Adz Jamros Jamali is a member in 
Design & Prototyping Centre at Universiti 
Teknologi PETRONAS, Malaysia. In 2010 
he received his BEng degree from 
Universiti Teknologi Malaysia. Currently 
he served as Technologist in the centre. 
He had been awarded with Anugerah 

Juruteknologi Negara 2015 by MOSTI for his worked and 
published papers in the area of communications engineering. 
His research interest includes microwave, radio frequency, 
antenna, renewable energy, hybrid and electric vehicle and 
electronics miniaturisation technology.

Noor Azwan Ahmad is a member in Lab 
Facilities and Service Department at 
Universit i  Teknologi  PE TRONAS, 
Malaysia. In 2001 he received his 
Diploma Elektronik Perhubungan from 
Politeknik Sultan Abdul Halim, Jitra 
Kedah. Currently he served as  a 

Technologist in Electric & Electronic Department. His 
research interest includes radio frequency, antenna, 
renewable energy, hybrid and electric vehicle and miniature 
electronics technology.

Mohd Hasrul Firdaus Rostam is a 
member in Lab Facilities and Service 
Department at Universiti Teknologi 
PETRONAS, Malaysia. In 2007 he received 
his Diploma in Electronic Engineering 
from Politeknik Sultan Abdul Hj Ahmad 
Shah, Kuantan. Currently he served as  a 

Technologist in Electric & Electronic Department. His 
research interest includes radio frequency, antenna, 
renewable energy, hybrid and electric vehicle and miniature 
electronics technology.



33VOLUME ELEVEN NUMBER TWO  JULY - DECEMBER 2015  PLATFORM

PLATFORM - A Journal of Engineering, Science and Society

A MODEL OF SAFETY CULTURE OF PERSONNEL ON 
MALAYSIAN OFFSHORE OIL AND GAS PLATFORM USING 

FUZZY DELPHI METHOD

Yong Liang Yue1, Zulkipli Ghazali2

1Department of Petroleum Engineering
2Department of Management & Humanities 

Universiti Teknologi PETRONAS 
Email: yongliangyue@gmail.com, zulkipli_g@petronas.com.my

ABSTRACT

This paper proposes a model of safety culture of Malaysian offshore oil and gas platform. The model identifies six 
safety culture dimensions that are prioritized and ranked using Fuzzy-Delphi method. The safety culture dimensions 
include adaptability, commitment, behavior, awareness, information and justness. Questionnaires that cover the 
six dimensions of safety culture were administered to 20 offshore personnel working on Malaysian oil platforms 
covering various background, gender, age, work shifts and work areas. The findings highlight that nearly 68% of the 
respondents did not experience any cases of accident before. Whilst 17% admitted that they had near misses while 
they were working on the offshore platform. The balance 15% of the respondents disclosed that they had minor injury 
(8%) and nearly 7% experienced severe injury. This statistics confirm that accidents do occur despite the stringent HSE 
practices and procedures placed on board and there are rooms for improvement. Inculcating the appropriate safety 
culture is inevitable. 

Keywords:  safety culture, adaptability, commitment, behavior, awareness, information and justness, offshore 
platform, Fuzzy Delphi Method

INTRODUCTION 

There are various accounts of accidents and risk on 
offshore oil-platform but many occurrences were not 
officially reported and exposed [1]. The authorities 
have set rules and requirements for accidents reporting 
but this rule may not fully comply. Reporting vis-à-vis 
exposing the statistics could harm the reputation of 
the operators and company. It could then affect the 
investors’ confidence, thus causing a dip in stock 
price. Accidents still happen although strict safety 
rules and regulations, and prescriptive procedures 
have been enforced. The operatives do not always do 
what they are supposed to do [2][3]. Nature of work at 
offshore is generally tough and stressful. Tendencies 
for operatives to take a risk in ignoring safety rules and 
regulations due to the urgency and huge workload 

are abundant. Hence, getting the heart and mind of 
the operatives towards safety awareness is not an 
option. This is possible by inculcating the appropriate 
safety culture among the operatives of the offshore 
platform. It is the objective of this study to propose 
a model of safety culture for Malaysian offshore oil 
and gas platform. The main methodology employed 
for this study is a Fuzzy-Delphi method (FDM). FDM 
has the ability to solve problems with the particular 
study’s fuzziness, ambiguities, imprecision and 
uncertainties [4]. The aim is to elicit experts’ views 
and consensus on safety culture dimensions. The 
model identifies six safety culture dimensions that are 
prioritized and ranked using (FDM). The safety culture 
dimensions include adaptability, commitment, 
behavior, awareness, information and justness.
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SAFETY CULTURE

Safety culture is defined as the ways that safety issues 
are addressed in a working environment. It reflects 
"the attitudes, beliefs, perceptions and values that 

employees share in relation to safety" [5][6].  There are 
six dimensions of safety culture namely adaptability, 
commitment, behavior, awareness, information and 
justness as illustrated below.

Table 1  Safety Culture Characteristics and Indicators [7][8][9][10]

Characteristic Indicators

Behavior Employee behavior with respect to safety
Mutual expectations and encouragement
Job satisfaction
Adequate equipment

Commitment Management concern
Perception of importance of safety
Prioritization of safety
Safety procedures and requirements
Personal involvement and responsibility for safety

Awareness Attitude towards unreported hazards
Awareness of job induced risk
Concern for safety

Adaptability Pro-activity to prevent negative happenings
Actions with respect to negative happenings
Employee input

Information Availability of information
Communication of work related information
Training
Safety issues reporting system
Willingness to use the reporting system
Consequences of safety reports
Communication of safety related information
Information exchange about safety issues

Justness Evaluation of safety-related behaviors
Perception of evaluation
Passing of responsibility

METHODOLOGY

This study employs Fuzzy Delphi Method (FDM) that 
includes survey questionnaires as data gathering [11]. 
Questionnaires are self-administered to respondents 
who are considered as experts in the area of safety on 
the offshore oil and gas platform. The questionnaires 

consist of 33 statements considered as indicators 
of the six dimensions of the safety culture adopted 
from the literature review. The statements represent 
the indicators set as per Table 1. Examples of the 
statements are illustrated in Table 2.
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Table 2  Examples of Statements used for Survey Questionnaires

Dimensions of Safety Culture Examples of Statements

Behavior ● Working personnel have shown responsibility on 
safety. They displayed a good attitude towards 
ensuring safety in the workplace.

Commitment ● The management place high concern for safety. They 
often prioritize safety in decision-making and provide 
adequate resources for safety aspects.

● The organization prioritizes safety over profit and 
performance. The organization invests money and 
effort to improve safety.

Awareness ● The employees believe in the existence of unidentified 
hazards. They practice good safety practices that 
cover more than known hazards.

Adaptability ● There are continuous effort and improvement 
for safety.  Employees search for safety issues 
autonomously.

Information ● All employees received clear instructions on work 
related information.

● All the employees know the importance of safety 
issues reporting system. Employees are encouraged 
to report safety issues.

Justness ● There is an evaluation system of safety related 
behaviors. It shows a clear distinction between 
acceptable and unacceptable behaviour. 

Steps of FDM

Step 1: Assume that K experts are invited to determine 
the importance of the evaluation criteria and the 
ratings of alternatives with respect to various criteria 
using linguistic variables (Tables 3). 

Step 2: Convert the linguistic variables into triangular 
fuzzy numbers as suggested in Tables 3. Let fuzzy 
numbers r_ij^k be the rating of alternative i with 
respect to criteria j and w_j^k be the jth criteria weight 
of the kth expert for i=1, …..,m, j=1,…..n, k=1,….,K. and 
r_ij = 1/k (± r_ij r_2ij± r_kij).

Step 3: For each expert, use the vertex method to 
compute the distance between the average r_ij and 
w_jk, k=1. The distance between two fuzzy numbers 
m = (m1; m2; m3) and n = (n1; n2; n3) is computed by

   d(m * n)= √ 1_k [(m1 
_ n1)2 + (m2 

_ n2)2 + (m3 
_ n3)2]

Step 4: If the distance between the average and 
expert’s evaluation data is less than the threshold 
value of 0.2, then all experts are considered to have 
achieved a consensus. Furthermore, among that 
m, n ratings of alternatives and n criteria weights, if 
the percentage of achieving a group consensus is 
greater than 75%, then go to step 5; otherwise, the 
second round of survey is required. The percentage of 
achieving group consensus among the experts must 
be more than 75% in order to proceed to the next step 
[12].

Step 5: Aggregate the fuzzy evaluations by

  where A = ri1 x w1 + ri2 x w2 + ... rin x wn

       i = 1, 2, 3, ….., m
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Step 6. For each alternative option, the fuzzy 
evaluation A = ( ai1, ai2 , ai3 ) is defuzzified by

    ai= 1_4 ai1 +
 2ai2

 + 2ai2

The ranking order of alternative options can be 
determined according to the values of ai.

Table 3  Linguistic variables for the importance weight of criteria

Linguistic Variable Fuzzy Scale Likert Scale

Extremely important (EI) 0.9 1 1 7

Very important (VI) 0.7 0.9 1 6

Important (I) 0.5 0.7 0.9 5

Fair (F) 0.3 0.5 0.7 4

Not important (NI) 0.1 0.3 0.5 3

Not very important (NV) 0 0.1 0.3 2

Extremely unimportant (EU) 0 0 0.1 1

RESULTS AND DISCUSSION

Results from questionnaire
Questionnaires that cover the six dimensions of safety 
culture were administered to 20 offshore personnel 
working on Malaysian oil and gas platforms. A total 

of 20 respondents were obtained. The respondents 
are working in different oil platforms in the Malaysian 
offshore. Forty-five percent of them are service 
providers and 20% are production sharing contract 
(PSC) contractors as illustrated in Figure 1.

Figure 1  Nature of Engagement
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Close to half of the experts (45%, n = 9) have more 
than 10 years of working experience with 10.0% (n = 
2) of them were with above 30 years of experience. 
Meanwhile, 45% (n = 9) of them have 5 to 10 years 
of working experience. In terms of their academic 
qualification, 50.0% (n = 10) of them were diploma 
holders, half of them (40%, n = 8) with basic degree, 
10% (n = 2) with Master degree. The large majority 
of them are operators and technicians (n=14). Four of 
them are engineers and remaining two are managers.

Nearly 68% of the respondents highlighted that they 
did not have  any cases of an accident during their 
entire working experience. Whilst 17% admitted 
that they had near misses while they were working 
on the offshore platform. The balance 15% of the 
respondents disclosed that they had a minor injury 
(8%) and nearly 7% experienced severe injury. Figure 
2 gives the overall picture of the statistics.

Figure 2  Accident Experience

FDM Ranking System

Each of the safety dimensions was being ranked 
according to the value of Fuzzy Evaluation. The higher 
the value of fuzzy evaluation, the higher the ranking. 
This FDM Ranking signifies the importance of each 
safety dimensions.

Below is the tabulated data obtained from the 
questionnaires. The highlighted red boxes are the d 
value that is not valid.
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Table 4  Experts’ views on safety indicators on offshore platform

Expert
ITEM

1 2 3 4 5 6 7 8 9 10 11

1 0.2 0.1 0.0 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.1

2 0.2 0.1 0.0 0.2 0.1 0.3 0.2 0.0 0.1 0.2 0.1

3 0.1 0.1 0.0 0.1 0.1 0.1 0.2 0.2 0.0 0.1 0.2

4 0.1 0.1 0.0 0.2 0.2 0.1 0.0 0.0 0.1 0.1 0.5

5 0.1 0.2 0.0 0.5 0.2 0.1 0.0 0.1 0.0 0.2 0.1

6 0.1 0.1 0.1 0.1 0.5 0.1 0.2 0.2 0.0 0.2 0.1

7 0.1 0.1 0.0 0.1 0.2 0.4 0.2 0.2 0.0 0.2 0.2

8 0.2 0.2 0.1 0.2 0.1 0.1 0.0 0.0 0.1 0.1 0.2

9 0.1 0.2 0.0 0.5 0.1 0.1 0.0 0.1 0.3 0.2 0.2

10 0.1 0.2 0.0 0.5 0.1 0.4 0.2 0.0 0.1 0.1 0.2

11 0.2 0.1 0.0 0.2 0.1 0.1 0.0 0.1 0.0 0.1 0.1

12 0.1 0.2 0.0 0.2 0.2 0.1 0.0 0.0 0.1 0.1 0.5

13 0.2 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.2 0.1

14 0.5 0.2 0.5 0.1 0.5 0.1 0.2 0.0 0.0 0.1 0.2

15 0.2 0.1 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.5 0.1

16 0.2 0.1 0.0 0.1 0.1 0.3 0.0 0.2 0.0 0.2 0.1

17 0.2 0.2 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.2

18 0.2 0.5 0.0 0.5 0.1 0.1 0.0 0.1 0.1 0.1 0.1

19 0.5 0.5 0.0 0.1 0.2 0.1 0.1 0.0 0.1 0.1 0.1

20 0.1 0.2 0.1 0.2 0.1 0.1 0.0 0.1 0.0 0.2 0.1

d value of 
each item 0.171 0.166 0.069 0.196 0.147 0.171 0.091 0.111 0.082 0.141 0.162
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Table 4  (cont.)

Expert
ITEM

12 13 14 15 16 17 18 19 20 21 22

1 0.2 0.2 0.1 0.2 0.2 0.1 0.3 0.1 0.3 0.0 0.2

2 0.2 0.0 0.1 0.2 0.2 0.2 0.3 0.2 0.3 0.1 0.2

3 0.1 0.0 0.2 0.2 0.1 0.1 0.4 0.2 0.4 0.3 0.1

4 0.2 0.2 0.1 0.2 0.1 0.3 0.1 0.1 0.1 0.0 0.2

5 0.1 0.0 0.3 0.1 0.1 0.2 0.3 0.1 0.2 0.2 0.1

6 0.5 0.2 0.4 0.1 0.5 0.4 0.1 0.1 0.1 0.3 0.1

7 0.1 0.0 0.1 0.1 0.2 0.1 0.1 0.1 0.3 0.3 0.1

8 0.1 0.1 0.2 0.2 0.1 0.2 0.1 0.2 0.1 0.0 0.1

9 0.1 0.0 0.1 0.1 0.2 0.1 0.1 0.5 0.7 0.2 0.4

10 0.2 0.2 0.4 0.1 0.5 0.4 0.1 0.1 0.1 0.1 0.2

11 0.2 0.0 0.4 0.2 0.2 0.3 0.1 0.2 0.1 0.2 0.1

12 0.1 0.0 0.3 0.1 0.1 0.2 0.1 0.1 0.4 0.0 0.2

13 0.1 0.0 0.1 0.1 0.1 0.4 0.4 0.1 0.4 0.0 0.1

14 0.1 0.0 0.2 0.1 0.2 0.2 0.4 0.2 0.1 0.1 0.1

15 0.1 0.2 0.2 0.5 0.2 0.1 0.1 0.1 0.3 0.2 0.1

16 0.2 0.0 0.2 0.1 0.2 0.2 0.3 0.2 0.1 0.3 0.1

17 0.1 0.0 0.1 0.2 0.1 0.2 0.4 0.5 0.1 0.2 0.1

18 0.2 0.0 0.2 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.2

19 0.1 0.2 0.1 0.5 0.1 0.4 0.1 0.1 0.1 0.0 0.2

20 0.5 0.0 0.2 0.1 0.1 0.2 0.3 0.1 0.1 0.2 0.1

d value of 
each item 0.159 0.091 0.181 0.165 0.166 0.211 0.223 0.162 0.240 0.148 0.121
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Table 4  (cont.)

Expert
ITEM

23 24 25 26 27 28 29 30 31 32 33

1 0.1 0.1 0.3 0.2 0.1 0.2 0.2 0.1 0.3 0.2 0.2

2 0.2 0.1 0.2 0.0 0.1 0.2 0.2 0.2 0.4 0.2 0.1

3 0.1 0.2 0.1 0.0 0.2 0.2 0.1 0.1 0.4 0.1 0.1

4 0.1 0.5 0.3 0.3 0.1 0.2 0.1 0.4 0.1 0.4 0.2

5 0.2 0.1 0.1 0.0 0.4 0.1 0.2 0.2 0.4 0.1 0.1

6 0.3 0.1 0.5 0.3 0.4 0.1 0.5 0.4 0.2 0.4 0.4

7 0.3 0.3 0.1 0.0 0.1 0.1 0.2 0.1 0.1 0.1 0.1

8 0.1 0.3 0.1 0.2 0.2 0.3 0.1 0.3 0.1 0.1 0.2

9 0.3 0.2 0.1 0.0 0.1 0.1 0.2 0.1 0.1 0.1 0.1

10 0.1 0.2 0.2 0.3 0.4 0.1 0.5 0.4 0.2 0.2 0.2

11 0.1 0.1 0.3 0.0 0.4 0.3 0.3 0.4 0.1 0.2 0.1

12 0.1 0.5 0.3 0.0 0.4 0.1 0.1 0.2 0.2 0.4 0.1

13 0.2 0.1 0.1 0.0 0.1 0.1 0.1 0.4 0.5 0.1 0.1

14 0.1 0.2 0.1 0.0 0.2 0.1 0.2 0.2 0.4 0.1 0.1

15 0.5 0.2 0.1 0.2 0.2 0.5 0.3 0.1 0.2 0.1 0.2

16 0.2 0.1 0.3 0.0 0.2 0.1 0.3 0.2 0.4 0.2 0.1

17 0.1 0.3 0.1 0.0 0.1 0.2 0.2 0.2 0.4 0.1 0.1

18 0.1 0.1 0.3 0.0 0.2 0.3 0.1 0.3 0.2 0.2 0.1

19 0.1 0.1 0.1 0.3 0.1 0.5 0.2 0.4 0.2 0.1 0.2

20 0.2 0.1 0.5 0.2 0.2 0.1 0.1 0.2 0.4 0.4 0.3

d value of 
each item 0.159 0.186 0.187 0.121 0.204 0.198 0.200 0.242 0.263 0.185 0.141
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To calculate the overall percentage based on the 
following formula:

(Total responses) - (Total responses that more than 0.2, 
all those that highlighted) / (Total responses) * 100% = 
[20 – 5]/20 *100% = 75%. 

The result from the calculation indicates that the 
overall threshold value, d meets the 75% requirement. 
This implies that the respondents have reached the 
required consensus in their opinions for all the items 
in the survey questionnaire.

Table 5  Average Fuzzy Number and Ranking Table

Item

Score Value

Ranking
Fuzzy Evaluation Average of Fuzzy Number

1 16.433 0.822 11

2 16.333 0.817 13

3 17.333 0.867 4

4 16.433 0.822 11

5 16.300 0.815 14

6 15.633 0.782 16

7 16.933 0.847 5

8 17.333 0.867 4

9 17.933 0.897 1

10 16.433 0.822 11

11 16.233 0.812 15

12 16.567 0.828 9

13 16.933 0.847 6

14 15.100 0.755 18

15 16.300 0.815 14

16 16.733 0.837 8

17 15.367 0.768 eliminated

18 15.533 0.777 eliminated

19 16.233 0.812 15

20 15.567 0.778 eliminated
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Table 5  (cont.)

Item

Score Value

Ranking
Fuzzy Evaluation Average of Fuzzy Number

21 16.333 0.817 13

22 14.967 0.748 19

23 16.467 0.823 10

24 17.433 0.872 2

25 17.367 0.868 3

26 16.400 0.820 12

27 16.433 0.822 11

28 15.567 0.778 17

29 16.333 0.817 13

30 16.767 0.838 eliminated

31 16.967 0.848 eliminated

32 16.767 0.838 7

33 15.567 0.778 17

Items 17, 18, 20, 30 and 31 are eliminated as the d value 
that is not valid (refer to Table 4).

Table 6 highlights the ranking of 28 items after the 
elimination process of Fuzzy evaluation. There are 
10 indicators that have same value score with other 
indicators. Therefore, they are grouped in the same 
ranking. Hence, only 18 ranking lists are obvious from 
the Table 6.

From the FDM ranking results, the safety culture 
model as illustrated in Figure 3 is proposed. Behavior 
is placed as the top priority in the safety culture. 
Provision of adequate safety equipment is a priority 
in inculcating excellent safety behavior and safety 
culture among the operatives. The excellent safety 
behavior is supported by three pillars namely 
Information, Management Commitment and 
Awareness. A good perception among the operatives 

about the importance of having an appropriate safety 
reporting system is necessary. This atmosphere will 
encourage the operatives to share information and 
report safety issues and they will be more willing to 
report minor incidents. Minor incidents should not be 
pushed aside as further slackness will lead to bigger 
calamities. Having a satisfactory level of access to 
safety-related information portrays the importance 
of safety reporting system. This is achievable by 
encouraging operatives to report safety issues and 
foster their willingness to report minor incidents, 
unsafe behavior among them and unsafe working 
conditions. Nonetheless, the management has to 
show the commitment towards safety by consistently 
highlighting priority towards the safety of operatives 
over profit and performance. This is usually being 
reinforced by the commitment of the management 
in investing capital and effort to continuously 
improve safety. All the commitment must be seen 
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by all organizational members and as far as possible 
tangible. This is to demonstrate that the management 
“walk-the-talk”.

Having said the above, all the aforementioned effort 
will be futile without the awareness of the operatives 
and other organizational members in maintaining a 
high degree of vigilance with respect to safety issues. 
This, in turn, must be supported by the organization 
impartiality of apparent distinction between 
acceptable and unacceptable safety behaviors. 
This is referred to as justness. In essence, this is 
the foundation of safety culture and behavior. The 

consequences of reporting of safety incidences must 
be shared with all organizational members across 
the board and it has to be clearly seen that there 
are follow-up processes being complied. This again 
reflects the commitment of the management towards 
safety. Another vital foundation is operatives input. 
The operatives’ proactive action rather than reactive 
towards accident prevention is crucial in ensuring 
conducive and safe workplace and environment for 
all at all time. The willingness to provide continuous 
inputs is the manifestation of adaptability when the 
hearts and minds of the organizational member’s 
beliefs in having an excellent safety culture. 

Table 6  FDM Ranking based on Fuzzy Evaluation

Ranking
Score Value

Safety
Dimension IndicatorFuzzy 

Evaluation

1 17.933 Behaviour Adequate safety equipment

2 17.433 Information Safety issues reporting system

3 17.367 Information Willingness to use reporting system

4 17.333 •  Behaviour
•  Commitment

•  Job satisfaction
•  Prioritization of safety

5 16.933 •  Behaviour
•  Awareness

•  Mutual expectations and encouragement
•  Wariness

6 16.767 Justness Evaluation of safety-related behavior

7 16.733 Awareness Concern for safety

8 16.567 Awareness Risk Perception

9 16.467 Information Training

10 16.433

•  Information
•  Behaviour
•  Commitment
•  Commitment

•  Communication of safety related information
•  Responsibility of safety
•  Management concern
•  Safety procedures and requirements

11 16.400 Information Consequences of safety reports

12 16.333
•  Information
•  Justness
•  Commitment

•  Availability of information
•  Evaluation of safety-related behavior
•  Perception of importance of safety

13 16.300 •  Awareness
•  Commitment

•  Attitude towards unknown hazards
•  Personal involvement and responsibility
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Table 6  FDM Ranking based on Fuzzy Evaluation

Ranking
Score Value

Safety
Dimension IndicatorFuzzy 

Evaluation

14 16.233 •  Behaviour
•  Adaptability

•  Positive attitudes towards safety
•  Employee’s input

15 15.633 Behaviour Employee’s behavior with respect to safety

16 15.567 •  Justness
•  Information

Evaluation of safety-related behavior
Information exchange about safety issues

17 15.100 Awareness Awareness of job induced risk

18 14.967 Information Communication of work-related information

Figure 3  A Model of Safety Culture of Personnel on Malaysian Offshore Oil-Platform

CONCLUSION

The oil and gas industry continues to look for 
opportunities to improve overall safety performance. 
Based on the literature review of safety culture among 
the employees on the offshore oil and gas platforms, 
there are plenty of rooms for continuous improvement 
to reduce and mitigate occurrences of accidents. One 
of the ways is instilling excellent safety culture among 
the operatives on the offshore oil and gas platform. 

This study has highlighted six pertinent dimensions 
of safety culture that can be inculcated in pursuit for 
improvement in the safety performance of personnel 
on the oil and gas offshore platform. A model of safety 
culture was developed using Fuzzy-Delphi method 
ranking analysis. This model is envisaged to act as a 
reference for the development of excellent safety 
culture on Malaysian offshore oil and gas platform and 
will certainly enhance the overall safety performance. 
Whilst the findings of the research may not be able to 
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be generalized due to the limitation of the sampling, 
this study has paved the way for future research. 
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