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ABSTRACT  
Being threatened by various facilities in a city, modern urban environments have become extremely vulnerable 

and fragile. Hospitals are among potentially high-risk facilities. Environmental awareness is relatively lacking 

in the health sector with few organizations measuring their performance. Therefore, the issue is exceedingly 

important. This study aimed to identify and prioritize factors that influence environmental performance in 

hospitals. To identify factors that influence environmental performance in hospitals, a comprehensive review 

of literature was performed to compile a list of criteria, sub-criteria, and indicators of environmental 

performance in healthcare centers. The list was then adjusted by experts in the field using the fuzzy Delphi 

method and the factors were prioritized using fuzzy analytical hierarchy process. In order to verify the results, 

a fuzzy technique was also applied to determine the order of preference by similarity to ideal solution. 

Therefore to verify the weights and priorities assigned to the factors influencing environmental performance, 

the factors were once again rated by experts based on the criteria of specificity, measurability, availability, 

being realistic, and time-related. Six criteria, 22 sub-criteria, and 48 indicators were identified and prioritized. 

Furthermore, Fuzzy AHP and Fuzzy TOPSIS resulted in the same prioritization of the factors. Therefore, the 

results obtained from Fuzzy AHP are acceptable. Using appropriate indicators together with appropriate 

techniques can serve to improve the environmental performance in health care centers. The obtained results 

showed that the FAHP method could be used for prioritizing environmental performance factors in hospitals 

successfully. 
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INTRODUCTION   
Identifying, rating, and prioritizing factors 

affecting environmental performance allow 

environmentally conscious managers to effectively 
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lessen and/or prevent adverse environmental effects 

caused by inadequate performance. Because of 

increased environmental pressures associated with 

the activities of organizations, environmental and 

economic efforts are now equally important. Thus, 

it is critical to promote efforts such as optimizing 

the consumption of energy and resources, waste 
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reduction, making processes less detrimental to the 

environment, and preventing pollution. 

Furthermore, organizations are expected to make 

use of an appropriate environmental management 

system (EMS) in their business. It is necessary to 

accurately measure and evaluate the impact of 

organizational activities on the environment and the 

outcomes of environmental efforts (i.e. 

environmental performance). In fact, the 

environmental performance (EP) is defined as 

“measurable results of an organization's 

management of its environmental aspects” [1]. 

Hence, appropriate criteria are needed to measure 

and assess environmental performance. Therefore, 

environmental performance indicators are 

becoming increasingly important at the company 

level to measure and assess environmental 

performance [2-3]. In other words, indicators are 

defined as the “specific expression that provides 

information about an organization’s environmental 

performance” [4]. 

The health sector is a major part of the 

economy in any country. The activities of the 

sector are associated with environmental impacts 

[5]. Thus, as in any complex organization, 

healthcare centers require strong and effective 

management [6]. As long as technology continues 

to advance, resources are consumed, waste is 

generated, and buildings are built and used 

globally, the health sector is a main cause of 

pollution and contributes to the indirect destruction 

of the environment. By consuming resources and 

generating waste while providing services, 

healthcare centers substantially affect the 

environment [7]. Therefore, they are forced to face 

formidable challenges in preserving the 

environment, adding to the significance of 

managing environmental performance in healthcare 

centers. However, environmental awareness is 

relatively lacking in the health sector with few 

organizations measuring their performance [5]. 

Furthermore, the ability to manage environmental 

performance in healthcare centers is restricted by 

obscure aspects such as extensive processes and 

lack of ways to quantify factors that influence 

performance. To the best of our knowledge, factors 

that affect the environment remain to be 

systematically identified and prioritized.  

Environmental performance must be 

measured in order to preserve the environment [8]. 

In fact, multidimensional structural performance is 

composed of several components that help the 

overall performance of the healthcare center [9]. 

Thus, assessing environmental performance is the 

process of facilitating managerial decisions 

regarding environmental performance through 

relevant criteria, data collection and analysis, 

comparison of information with standards, 

reporting, regular reviews, and continuous 

improvement [10]. Defining and identifying 

accurate and practical criteria is the single most 

important step in the evaluation process [11]. 

Therefore, environmental performance indicators 

must reflect operational status, environmental 

conditions, environmental policies, stakeholder 

needs, and the nature of the business in the 

organization. These criteria need to provide 

information that is helpful in making decisions 

regarding environmental issues. Besides, 

comparison of performance must be possible.  

These indicators should form part of all 

monitoring and enforcement regimes, as a tool to 

simplify, quantify and communicate environmental 

data [12]. 

Overall, environmental performance 

indicators can be used to regularly assess and report 

on environmental performance in organizations, 

business units, and departments as well as that of 

employees. In fact, the indicators measure 

environmental targets [13]. By measuring 

environmental performance indicators, meaningful 

objectives and strategies can be defined. Moreover, 

environmental performance indicators are able to 

represent succinctly vast amounts of data [14].  

Due to the relative evolving knowledge 

about environment health interactions [15] and lack 

of knowledge about environmental issues in the 

health sector (e.g. lack of awareness about the 

health hazards related to health-care waste) [16] 

and also in case of developing countries such as 

Iran, healthcare operations face major challenges 

including high costs of health care services, limited 

productive resources, conditions in the crisis 

management, inadequate infrastructure and 

structure (e.g. access to clean water, electricity), it 

is necessary to facilitate performance measurement 

in this sector, by selecting a set of performance 

indicators [5, 17]. 

A number of studies have been performed 

to identify environmental criteria including a set of 

performance indicators proposed by Japan’s 

Ministry of the Environment [2]. Moreover, several 

performance indicators were established in a study 

on energy consumption and management in Farabi 

Ophthalmology Hospital in Tehran [18]. A number 

of factors that influence environmental 

performance in hospitals were identified in study 

titled “The Measurement of Environmental 

Performance in Hospitals: A Framework and 

Process” [19]. A microbiological evaluation of the 

quality of air in various parts of a hospital led to the 

identification of air quality indicators in hospitals 

[20]. A waste management model for hospitals was 

proposed which determined the interactions 

between the factors in a system using Stella [21]. 

The risks associated with various types of 

medications in hospital wastewater were studied in 

general and psychiatric hospitals in Sweden [22]. 
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Environmental sustainability in hospitals – a 

systematic review a research agenda is another 

topic studied in 2014 [23]. The criteria related to 

the sustainability's triple bottom line, including 

other criteria, have been identified for the selection 

of a sustainable location of healthcare waste 

disposal facility in another research studied in 2016 

[24]. The other study was about material 

consumption in the healthcare sector. This research 

that concluded that considerable reductions of the 

impact on climate change could be achieved by 

implementing good housekeeping in working 

routines and by addressing green purchasing to 

prevent inefficient consumption patterns [25].  

The aim of this study was to identify and 

prioritize factors that influence environmental 

performance in hospitals of Tehran, Iran.  

 

MATERIALS AND METHODS 
This research was carried out in hospitals 

in Tehran, Iran during 2015- 2016, including two 

main stages detailed as follows:  

Stage 1: Identifying the criteria, sub-

criteria, and indicators of environmental 

performance in healthcare centers using the fuzzy 

Delphi method [26], [27]. 

Stage 2: Prioritizing and assigning 

weights to the criteria, sub-criteria, and indicators 

using the analytical hierarchy process (AHP) before 

verifying the results using fuzzy TOPSIS (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. The steps involved in the process of this study 

 

As shown in Fig. 1, subsequent to 

reviewing previous works, a list of factors that 

influence environmental performance in healthcare 

centers is confirmed by university professors. Next, 

necessary adjustments are made before experts 

select the significant factors. Finally, fuzzy Delphi 

is performed as in the following.  

 

1.1. Fuzzy Delphi: The fuzzy Delphi 

method was leveraged to identify the factors 

influencing environmental performance in 

healthcare centers. In this method, experts express 

their opinions in the form of Linguistic variables; 

mean scores are calculated and, for each opinion, 

the deviation from the mean is determined. The 

experts are encouraged to revise their judgments 

upon receiving these pieces of information. In the 

next round, each member of the panel provides a 

new or revised opinion based on the results of the 

previous round. The process continues until 

average fuzzy numbers converge to stable values 

[28]. A flowchart of the fuzzy Delphi method is 

depicted in Fig. 2. 

The first step in the fuzzy Delphi method 

concerns the selection of experts. In this study, an 

expert is defined as an individual with at least five 

years of relevant work experience and a bachelor’s 

degree who graduated at least three years prior to 

conducting the study. Furthermore, in order to be 

deemed qualified; the experts must have extensive 

knowledge of processes and services in hospitals. 

Thus, the statistical population of the study 

includes 25 experts. Once the panel was chosen, a 

questionnaire was developed to discover expert 

opinions about the criteria, sub-criteria, and 

indicators of environmental performance in 

healthcare centers. Answers were given using 

verbal variables defined as triangular fuzzy 

numbers (Table 1). 

 

 

Initial list of criteria, sub-criteria, and indicators of environmental 

performance in healthcare centers to be confirmed by professors 

Identifying expert groups, developing the questionnaire, and surveying 

experts regarding the confirmed criteria, sub-criteria, and indicators using 

the fuzzy Delphi method. 

 
Analyzing expert opinions and conducting a second survey to reach 

consensus  

 
Finalizing the criteria, sub-criteria, and indicators of environmental 

performance in healthcare centers  
 

Review of previous works 

 

Prioritizing and assigning weights to the criteria, sub-criteria, and 

indicators using fuzzy AHP 

 Verification using fuzzy TOPSIS 

 

Stage 1 

 

Stage 2 
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Fig. 2. A flowchart of the fuzzy Delphi method in the present study 

 
Table 1. The definition of scales and crisp numbers [29-30] 

Linguistic term 
Triangular fuzzy number Crisp 

number M α β 

Very low 0.0 0.0 0.3 0.075 

Low 0.3 0.3 0.2 0.275 

Medium 0.5 0.3 0.3 0.500 

High 0.7 0.2 0.3 0.725 

Very high 1.0 0.3 0.0 0.925 

 

The next step was to distribute the 

questionnaire and analyze the obtained results. The 

step involved several rounds in reaching an 

adequate consensus.  

 

 1.1.1. Round one : In this round, the 

criteria, sub-criteria, and indicators of performance 

were introduced and panel members expressed the 

extent to which they agreed with each item (Table 

1). A summary of expert judgments was generated. 

For each criterion, sub-criterion, and indicator, an 

average score was obtained and the differences for 

each expert’s opinion were calculated. This 

information was communicated to the experts. In 

addition to close-ended items, several open-ended 

questions were included in determining expert 

opinions. As a result, two sub-criteria (waste 

recycling and soil pollution) and two indicators 

(Soil pollution monitoring and soil pollution 

control activities) were added after the first round. 

  
1.1.2. Round two:  Subsequent to 

applying necessary modifications to the criteria and 

sub-criteria, the second version of the questionnaire 

was created and sent to each member of the panel, 

along with his/her previous judgments and the 

extent of deviation from the mean. The answers 

were analyzed in the same manner as round one. 

For each item, if the difference between the results 

from the two rounds was smaller than a 

predetermined threshold, the polling process 

stopped [28]. Thus, excluding the indicators of 

environmental participation, rewards, 

acknowledgment, and green plates, environmental 

performance of contractors and the percentage of 

reduction in electricity consumption, panel 

members reached a consensus on the environment. 

Moreover, in this round, the experts agreed on all 

the items except the number of floors/buildings and 

the number of wards. These indicators were 

eliminated since they had very low scores. 

  
1.1.3. Round three: In this round, in 

addition to making the required adjustments in the 

components and criteria, a third version of the 

questionnaire was created and (as in the previous 

round) sent to each member of the panel, along 

with his/her previous judgment and the extent of 

deviation from the mean. However, the third round 

only concerned the three remaining indicators. The 

differences between expert opinions in rounds two 

and three were also calculated. The results 

indicated a very small difference, which resulted in 

stopping the polling process. As depicted in Fig. 1, 

the first stage is followed by the application of the 

Fuzzy AHP in order to prioritize and assign weight 

to the final criteria, sub-criteria, and indicators. The 

procedure is briefly explained as follows: 

Start 

Selecting experts and clarifying the problem 

 Developing a questionnaire and defining lingual variables  

 Sending the questionnaire to experts 

 
Collecting expert opinions and applying (fuzzy) analyses  

 Categorizing the responses and announcing the consensus 

 Adequate consensus? 

 
End 

Yes 

 

No 
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1.2. Fuzzy analytical hierarchy process: 

The original AHP is often criticized for not being 

able to handle the inherent uncertainty of real-

world situations and lacking sufficient accuracy in 

pairwise comparisons [31]. To overcome this 

problem, FAHP was proposed [32].  

In this paper, the FAHP approach is 

employed which involves the following steps [33]:  

Step 1: Creating the hierarchy  

Step 2: Defining the fuzzy numbers for pairwise 

comparison  

Step 3: Constructing the pairwise comparison 

matrix using the fuzzy numbers  

Step 4: Calculating Si for each row of the pairwise 

comparison matrix  

Step 5: Calculating the largeness degree for each Si 

Step 6: Calculating the weights in the pairwise 

comparison matrix.  

Step 7: Calculating the final weight vector 

In this paper, the necessary steps were taken to 

prioritize and assign weights to the final 

criteria, sub-criteria, and indicators using the 

algorithm in Fig. 3 and based on FAHP 

(Chang’s extent analysis). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. A flowchart of the FAHP algorithm 

 

The first step in FAHP is to construct the 

hierarchy composed of four levels in this study. 

The first level is the objective (i.e. determining the 

factors that influence environmental performance 

in healthcare centers); criteria and sub-criteria 

comprise the second and third levels, respectively; 

finally, the fourth level relates to indicators that 

influence environmental performance in healthcare 

centers.  

The hierarchical diagram in Fig. 4 

illustrates how the criteria, sub-criteria, and 

indicators relate to one another (note that, given a 

large number of indicators, they are shown in Table 

4. 

 

 

Constructing the hierarchy 

 Developing a questionnaire for pairwise comparison of criteria, sub-criteria, and indicators 

 Sending the questionnaire to experts 

 Pairwise comparisons and collecting expert opinions 

 Checking the consistency of the comparisons  

 Consistent matrices 

 

Yes 

 

No 

 Determining the weights of criteria, sub-criteria, and indicators 

 

Start 

End 



 

 
71| IJOH | June 2017 | Vol. 9 | No. 2   Shahbod,  et al 
 

Published online: June 20, 2017 
 

  

F
ig

. 
4

. 
T

h
e 

h
ie

ra
rc

h
y

 o
f 

th
e 

st
u

d
y

 

L
ea

d
er

sh
ip

 a
n
d

 

m
an

ag
em

en
t 

 

F
ir

st
 L

ev
el

 

S
ec

o
n

d
 L

ev
el

 

T
h

ir
d
 L

ev
el

 

F
o

u
rt

h
 L

ev
el

 

 

E
n

v
ir

o
n

m
en

ta
l 

P
er

fo
rm

an
ce

 

A
ss

es
sm

en
t 

in
 

H
o

sp
it

al
 

M
an

ag
em

en
t 

o
f 

p
h

y
si

ca
l 

re
so

u
rc

es
 a

n
d

 

st
ak

eh
o

ld
er

s 

M
an

ag
em

en
t 

o
f 

p
o

ll
u

ta
n

ts
 

W
at

er
 a

n
d

 s
ew

ag
e 

m
an

ag
em

en
t 

S
o

li
d

 w
as

te
 

m
an

ag
em

en
t 

E
n

er
g

y
 a

n
d
 m

at
er

ia
ls

 

m
an

ag
em

en
t 

E
n

v
ir

o
n

m
en

ta
l 

ri
sk

 m
an

ag
em

en
t 

R
o

le
 o

f 
th

e 

m
an

ag
er

 i
n

 

en
v

ir
o
n

m
en

ta
l 

is
su

es
 

T
h

e 
im

p
o

rt
an

ce
 

o
f 

en
v
ir

o
n

m
en

ta
l 

ex
p

er
t 

E
n

v
ir

o
n

m
en

ta
l 

em
er

g
en

cy
 

m
an

ag
em

en
t 

 

W
at

er
 

co
n

su
m

p
ti

o
n
 a

n
d
 

co
n

tr
o
ll

in
g
 

sy
st

em
 

S
ew

ag
e 

an
d

 

co
n

tr
o
ll

in
g

 

sy
st

em
 

 

 A
ir

 

p
o

ll
u

ti
o

n
 

S
o

il
 

p
o

ll
u

ti
o

n
 

N
o

is
e 

p
o

ll
u

ti
o

n
 

H
o

sp
it

al
’s

 

sp
ec

if
ic

at
io

n
s 

H
o

sp
it

al
’s

 

st
ak

eh
o

ld
er

s 

In
d

ic
at

o
rs

 
In

d
ic

at
o

rs
 

In
d

ic
at

o
rs

 
In

d
ic

at
o

rs
 

In
d

ic
at

o
rs

 

 

F
u

el
 

co
n

su
m

p
ti

o
n
 

an
d

 c
o
n

tr
o

ll
in

g
 

E
le

ct
ri

ci
ty

 

co
n

su
m

p
ti

o
n
 

an
d
 c

o
n
tr

o
ll

in
g
 

U
se

 o
f 

re
n

ew
ab

le
 

en
er

g
y
 

M
at

er
ia

ls
 

 

D
is

in
fe

ct
in

g
 

w
as

te
 

W
as

te
 

se
p

ar
at

io
n
 

R
ec

y
cl

in
g
 

A
m

o
u

n
t 

o
f 

w
as

te
 

W
as

te
 

co
ll

ec
ti

o
n
 

W
as

te
 s

to
ra

g
e 

W
as

te
 

tr
an

sp
o

rt
at

io
n
 

https://www.google.com/search?q=waste+storage&espv=2&biw=1280&bih=638&tbm=isch&tbo=u&source=univ&sa=X&ved=0ahUKEwiEqJ3y1erNAhVrJJoKHW7iD5UQsAQIGw


 

A Fuzzy Analytic Hierarchy Process Approach …  ijoh.tums.ac.ir | 72 

Published online: June 20, 2017 
 

Next, in order to determine the 

significance and priority of the criteria, sub-criteria, 

and indicators, panel members were given a 

questionnaire to perform pairwise comparisons in 

the form of the verbal variables in Table 2. 

 

Table 2. Definition of the fuzzy numbers for the pairwise comparison of the criteria, 

sub-criteria, and indicators [34] 

Preferences (Linguistic) Fuzzy Number 
Scale of Fuzzy Number 

l m u 

Extremely preferred, desired, or important 9 8.0 9.0 10 

Very strongly preferred, desired or important 8 7.0 8.0 9.0 

Strongly preferred, desired or important 7 6.0 7.0 8.0 

Moderately preferred, desired or important 6 5.0 6.0 7.0 

Sufficiently preferred, desired or important 5 4.0 5.0 6.0 

Preferred, desired or important 4 3.0 4.0 5.0 

Slightly preferred, desired or important 3 2.0 3.0 4.0 

Hardly preferred, desired or important 2 1.0 2.0 3.0 

Equally preferred, desired or important 1 1.0 1.0 1.0 

 

After collecting the pairwise comparison 

matrices, a geometrical average was calculated to 

unify expert opinions. However, before performing 

the other steps, the matrices needed to be checked 

for consistency to avoid generating incorrect 

results. This was performed using the method 

proposed [35]. If the Consistency Ratio (CR) was 

greater than 0.1, the expert making the judgment 

was asked to reconsider his/her comparisons. All of 

the experts were given equal importance.  

Subsequent to prioritizing the factors that 

influence environmental performance in healthcare 

centers, the results needed to be verified. This was 

done using fuzzy TOPSIS.  

 

1.3. Fuzzy TOPSIS: TOPSIS is a 

useful technique in multi-criteria decision-making 

for handling real-world problems [36]. The 

approach defines similarity as proximity to positive 

ideal or distance from the negative ideal solution. 

The alternative with the smallest distance from the 

positive idea is chosen [37]. However, decision-

makers often have difficulty assigning exact values 

to various criteria. Therefore, fuzzy numbers are 

preferred over crisp values. In this paper, fuzzy 

TOPSIS is employed to verify the results according 

to mathematical concepts proposed. The procedure 

involves the following steps [38-39]:  

 
Step 1: Constructing the decision matrix 

Step 2: Determining criteria weights  

Step 3: Normalize the fuzzy decision matrix: 

Step 4: Creating the weighted fuzzy decision 

matrix 

Step 5: Identifying the Fuzzy Positive Ideal 

Solution (FPIS; A*) and the Fuzzy Negative 

Ideal Solution (FNIS, A
-
):  

Step 6: Calculating the distance from the FPIS and 

FNIS 

Step 7: Calculating the similarity index  

Step 8: Ranking the alternatives  

 

The alternatives are ranked according to 

similarity and those having the greatest similarity are 

given the highest priority.  

In this paper, in order to verify the weights 

and priorities assigned to the factors influencing 

environmental performance, the factors were once 

again rated by experts based on the criteria of specific, 

measurable, attainable, realistic, time-related 

(SMART) in the form of Table 3 [40]. A second 

ranking of the factors was obtained using TOPSIS. 

 
Table 3. Definition of fuzzy numbers for rating the 

criteria, sub-criteria, and indicators 

Verbal Judgment or 

Preference 

Triangular Fuzzy Number 

l m u 

Extremely Preferred 4.00 5.00 6.00 

Very Strongly 

Preferred 
3.00 4.00 5.00 

Strongly Preferred 2.00 3.00 4.00 

Moderately Preferred 1.00 2.00 3.00 

Equally Preferred 0.00 1.00 2.00 

 

RESULTS  
Based on the model of the study, the 

criteria, sub-criteria, and indicators of 

environmental performance in healthcare centers 

were identified through desk research and expert 

opinions using the fuzzy Delphi method resulting 

in a total of 6 criteria, 22 sub-criteria, and 48 

indicators (Table 4). Furthermore, based on Table 2 

(verbal variables) and Chang’s extended method, 

the pairwise comparisons and the weights assigned 

to the criteria, sub-criteria, and indicators of factors 

influencing environmental performance in 

healthcare centers are shown in Table 4.  

Furthermore, priorities of the criteria influencing 

environmental performance in medical centers are 

calculated using Fuzzy AHP, as depicted in Fig. 5. 
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Table 4. PART 1. Factors influencing environmental performance in healthcare centers and the normalized weights 

Criteria 
Normalized 

weight 
Sub-criteria 

Normalized 

weight 
Index 

Normalized 

weight 

Solid waste 

management 
0.30 

Disinfecting waste 0.28 - - 

Waste separation 0.18 - - 

Amount of waste 0.17 - - 

Recycling 0.16 - - 

Waste storage 0.08 - - 

Waste collection 0.07 - - 

Waste transportation 0.06 - - 

Water and 

sewage 

management 

0.27 

Water consumption and 

controlling system 
0.50 

Reduction of water consumption per 

capita (%) 
0.45 

Mechanisms to decrease water 

consumption 
0.38 

Non-drinking water resources  0.17 

Sewage and controlling 

system 
0.50 

Amount of sewage 0.31 

Amount of sewage treatment (%) 0.29 

Effluent monitoring 0.17 

Type of sewage treatment system 0.12 

Fate of treated wastewater 0.12 

Management 

of pollutants 
0.21 

Air pollution 0.53 

Air emission monitoring 0.47 

Air pollution control activities 0.32 

Indoor air quality monitoring 0.21 

Soil pollution 0.27 
Soil contamination control activities 0.50 

Soil pollution monitoring 0.50 

Noise pollution 0.20 

Monitoring environmental noise 

pollution 
0.50 

Noise control activities 0.50 

Energy and 

materials 

management 

0.11 

Electricity consumption 

and controlling 
0.30 

Reduction of electricity consumption 

(%) 
0.50 

Mechanisms to control electricity 

consumption 
0.50 

Reduction of fuel consumption per 

capita (%) 
0.28 

Fuel consumption and 

controlling 
0.30 

Control mechanisms for fuel 

consumption 
0.27 

Types of heating and cooling system 0.21 

Types of corporate vehicle 0.17 

Personnel transportation system 0.07 

Materials 0.23 

Reduction of paper consumption per 

capita (%) 
0.73 

Use of chemicals (Pesticides, 

Disinfectants, Detergents, …) 
0.27 

Use of renewable 

energy 
0.17 - - 

 

  

https://www.google.com/search?q=waste+storage&espv=2&biw=1280&bih=638&tbm=isch&tbo=u&source=univ&sa=X&ved=0ahUKEwiEqJ3y1erNAhVrJJoKHW7iD5UQsAQIGw
http://www.water.wa.gov.au/urban-water/water-recycling-efficiencies/waterwise-community-toolkit/non-drinking-water-sources
https://en.wikipedia.org/wiki/Sewage_treatment
http://www.tsi.com/air-quality-monitoring/indoor-air-quality-monitoring.aspx
http://www.aweimagazine.com/article.php?article_id=476
http://www.aweimagazine.com/article.php?article_id=476
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Table 4. PART 2. Factors influencing environmental performance in healthcare centers and the normalized weight 

Criteria 
Normalized 

weight 
Sub-criteria 

Normalized 

weight 
Index 

Normalize

d weight 

Leadership and 

management 
0.08 

Environmental 

risk 

management 

0.57 

Environmental management system 

certification 
0.52 

An approach to identifying, assessment and 

reduction of environmental impacts 
0.48 

Role of the 

manager in 

environmental 

issues 

0.20 

Financial resources assigned to environmental 

issues (%) 
0.28 

Objectives and action plan on environmental 

issues 
0.26 

Employee environmental training (%) 0.14 

Environmental corrective and preventive 

actions approved at management review 

meetings (%) 

0.14 

Resolve environmental complaints (%) 0.12 

Environmental participation, rewards, 

acknowledgment, and green plates 
0.06 

Environmental 

emergency 

management 

0.14 

Number of environmental maneuvers 0.35 

Preparation for the environmental emergencies 0.27 

Implemented preventive and corrective actions 

by the non-compliance observed in maneuvers 
0.23 

Implementation of corrective actions resulting 

from an environmental emergency response 
0.15 

The 

importance of 

environmental 

expert 

 

0.09 

Experience of environmental expert 0.43 

Environmental unit in the organizational 

structure of the hospital 
0.30 

Environmental expert degree 0.27 

Management 

of physical 

resources and 

stakeholders 

0.03 

Hospital’s 

specifications 
0.50 

Infrastructure (m2) 0.24 

Maintenance system 0.22 

Types of windows 0.20 

Age of hospital 0.17 

Green areas (%) 0.17 

Hospital’s 

stakeholders 
0.50 

Number of admitted patients 0.27 

Employee's environmental performance 0.26 

Number of outpatients 0.25 

Environmental performance of contractors 0.21 

 

 

 
 Fig. 5. Final ranking of criteria using FAHP 

 

A comparison of the results obtained by 

performing the fuzzy TOPSIS and fuzzy AHP for the 

purpose of verification can be seen in Table 5.  

 

Table 5. Comparison of the criteria influencing environmental performance using fuzzy TOPSIS and FAHP 

0.30 

0.27 

0.21 

0.11 
0.08 

0.03 

Solid waste 

management 

Water and sewage 

management 

Management of 

pollutant 

Energy and 

materials 

management 

Leadership and 

management 

Management of 

physical resources 

and stakeholders 

N
o

rm
al

y
ze

d
 w

ei
g
h

t 

http://lca-net.com/services-and-solutions/education-courses-building-capacity/employee-participation-environmental-training/
http://www.retaildoc.com/blog/how-to-handle-a-customer-complaint-in-four-easy-steps
http://www.realsimple.com/home-organizing/home-improvement/renovations/types-windows
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Criteria Ranking based on FAHP 
Ranking based on 

FTOPSIS 
Difference (%) 

Solid waste management 1 1 

0% 

Water and sewage management 2 2 

Management of pollutants 3 3 

Energy and materials management 4 4 

Leadership and management 5 5 

Management of physical resources and stakeholders 6 6 

 

DISCUSSION 
The objective of this study was to identify 

and prioritize factors that influence environmental 

performance in hospitals.  

Our findings showed that, among the 

criteria of environmental performance in healthcare 

centers, solid waste management had the highest 

weight. In a study entitled “Going toward green 

hospital by sustainable healthcare waste 

management: segregation, treatment and safe 

disposal”, the waste generated by treatment 

activities have been associated with various 

infections and other harms [41]. Consistent with 

our results, this suggests that waste management is 

pivotal in healthcare centers.  

Moreover, wastewater management was 

found to be the second most important criterion to 

affect environmental performance in hospitals. 

Prior studies also confirm the significance of the 

criterion [42].  

Importantly, medical centers are unfit to 

identify systematically the factors that influence 

their environmental performance. This in turn 

adversely affects environmental management. At 

the heart of this phenomenon, senior executives 

often perceive very little value in environmental 

management, which manifests in their reluctance to 

invest in the area [43], [44].  

Furthermore, this study focused on the 

priorities of the criteria, sub-criteria, and indicators 

affecting environmental performance in medical 

centers. For instance, waste management and 

management of physical resources and stakeholders 

were found to have the highest and lowest 

priorities, respectively. However, the criteria are 

merely mentioned without being ranked [45].  

Leadership and management include fifteen 

indicators while solid waste management only has 

seven sub-criteria. With respect to water and 

sewage management, eight indicators are 

identified. Energy and materials management has 

nine indicators. Management of pollutant includes 

seven indicators. Finally, management of physical 

resources and stakeholders has nine indicators.  

However, the impact of criteria such as 

supplying of financial resources, establishment of 

environmental structure like executive team, 

measurement levels of energy use, water 

consumption, waste stream, etc. are known as 

effective factors on Environmental Sustainability in 

Hospitals. This is in line with our results [43]. 

Furthermore, FAHP and fuzzy TOPSIS 

resulted in the same prioritization of the factors. 

Therefore, the results obtained from FAHP are 

acceptable.  

The most important limitation of this study was 

lack of consensus among the few specialists we 

could find.  

 

CONCLUSION 
Our findings revealed a fundamental need 

to assess environmental performance in hospitals. 

By taking advantage of appropriate techniques and 

performance criteria, this assessment may have a 

profound impact on environmental performance in 

medical centers.  

The criteria, sub-criteria, and indicators of 

environmental performance in healthcare centers 

were identified through desk research and expert 

opinions using the fuzzy Delphi method resulting 

in a total of 6 criteria, 22 sub-criteria, and 48 

indicators. The inherent uncertainty in some of the 

criteria justified taking a fuzzy approach as the 

basis of the method. The significance of the 

different criteria, sub-criteria, and indicators was 

determined using expert opinions and FAHP based 

on pairwise comparisons. Taking advantage of 

Chang’s method to prioritize and assign weights to 

the criteria, sub-criteria, and indicators, the results 

were verified using fuzzy TOPSIS.  

Future studies can use other multi-criteria 

decision-making methods to verify our results. 

Moreover, a model to determine the environmental 

performance of health centers based on established 

criteria also recommended. 

 

ACKNOWLEDGEMENTS 
The authors declare that there is no 

conflict of interests. 

 

REFERENCES 
1. Perotto E, Canziani R. Water services 

management and environmental management 

systems: the role of the indicators for the 

assessment of environmental performance. 

Proceedings of the Water Environment 

Federation, WEFTEC 2007. 

http://www.ingentaconnect.com/content/wef/wefproc
http://www.ingentaconnect.com/content/wef/wefproc


 

A Fuzzy Analytic Hierarchy Process Approach …  ijoh.tums.ac.ir | 76 

Published online: June 20, 2017 
 

2. MOEJ. Environmental performance indicators 

guideline for organizations. Ministry of the 

Environment (Japan Government). April 2003. 

3. Azzone G, Noci G, Manzini R, Welford R, 

Young CW. Defining environmental 

performance indicators: an integrated 

framework. Business Strategy and the 

Environment 1996; 5(2): 69–80. 

4. Perotto E, Canziani R, Marchesi R, Butelli P. 

Environmental performance, indicators and 

measurement uncertainty in EMS context: a 

case study. J Clean Prod 2008; 16 (4): 517- 

530. 

5. Zhao X. Developing environmental 

performance indicators the case of Norflok & 

Norwich university hospital. Master of Science 

thesis, University of East Anglia, Norwich, 

England, 2003. 

6. Shafii M, Hosseini M, Arab M, Asgharizadeh 

E, Farzianpour F. Performance analysis of 

hospital managers using fuzzy AHP and fuzzy 

TOPSIS: Iranian experience. Glob J Health Sci 

2016; 8(2): 137- 155. 

7. Karliner J, Guenther R. Global green and 

healthy hospitals. Health Care without Harm. 

2011; Available from: https://noharm-

europe.org/documents/global-green-and-

healthy-hospitals-agenda-english 

8. Collins GJ, Grimes SM, Boyce JG. Developing 

environmental performance indicators for an 

information technology systems and services 

company. IJEP 2002; 18(3): 260-270. 

9. Lin Q, Liu L, Liu H, Wang D. Integrating 

hierarchical balanced scorecard with fuzzy 

linguistic for evaluating operating room 

performance in hospitals. Expert Syst Appl 

2013; 40(6): 1917-1924. 

10. ISO. Environmental management- 

environmental performance evaluation 

guidelines. International organization for 

standardization. 2013.  

11. Fazli S, Azar A. Designing a mathematical 

model of manager performance evaluation 

using data envelopment analysis. Modares 

2002; 6(3): 99-124. [In Persian] 

12. UNIDO. Policies for supporting green 

industry. United Nations Industrial 

Development Organization. May 2011.  

13. Hermann BG, Kroeze C, Jawjit W. Assessing 

environmental performance by combining life 

cycle assessment, multi-criteria analysis and 

environmental performance indicators. J Clean 

Prod 2007; 15(18): 1787- 1796. 

14. Ahmed Shah B. Development and 

implementation of environmental key 

performance indicators (KPIs) in Swedish 

manufacturing industry. Master thesis, 

Mälardalen University Sweden, 2013. 

15. WHO. Preventing disease through healthy 

environments - Towards an estimate of the 

environmental burden of disease. World 

Health Organization. 2006.  

16. WHO. Health-care waste. World Health 

Organization. 2015. Available from: 

http://www.who.int/mediacentre/factsheets/fs2

53/en/ 

17. Shirali GA, Azadian S, Saki A. A new 

framework for assessing hospital crisis 

management based on resilience engineering 

approach. Work 2016; 54(2): 435-444. 

18. Jabbarvand M, Mokhtare H, Sharifi R, 

Negahban Z. A comparative study of energy 

consumption management in farabi hospital 

in Tehran. EBNESINA 2011; 14(3): 41-48. [In 

Persian] 

19. Pasqualini Blass A,  Gouvêa da Costa SE, 

Pinheiro de Lima E,  Borges LA. Measuring 

environmental performance in hospitals: A 

practical approach. J Clean Prod 2017; 142(1): 

279-289. 

20. Cabo Verde S, Marta Almeida S, Matos J, 

Guerreiro D, Meneses M, Faria T, Botelho 

D, Santos M, Viegas C. Microbiological 

assessment of indoor air quality at different 

hospital sites. Res Microbiol 2015; 166(7): 1-7. 

21. Chaerul M, Tanaka M, Shekdar A. A system 

dynamics approach for hospital waste 

management. Waste Manag 2008; 28(2): 442–

449. 

22. Escher B, Baumgartner R, Koller M, Treyer K, 

Lienert J, McArdell Ch. Environmental 

toxicology and risk assessment of 

pharmaceuticals from hospital wastewater. 

Water Res 2011; 45(1): 75–92. 

23. McGain F, Naylor Ch. Environmental 

sustainability in hospitals – a systematic 

review and research agenda. J Health Serv Res 

Policy 2014; 19(4): 245-52. 

24. Chauhan A, Singh A. A hybrid multi-criteria 

decision making method approach for selecting 

a sustainable location of healthcare waste 

disposal facility. J Clean Prod 2016; 139: 

1001–1010. 

25. Karlsson M, Pigretti Öhman D. Material 

consumption in the healthcare sector: 

Strategies to reduce its impact on climate 

change - The case of Region Scania in South 

Sweden. J Clean Prod 2005; 13(10–11): 1071–

1081. 

26. Fatemi F, Benigno Aguirre AA, Mansouri N, 

Mohammadfam I. Constructing the Indicators 

of Assessing Human Vulnerability to Industrial 

Chemical Accidents: A Consensus-based 

Fuzzy Delphi and Fuzzy AHP Approach. 

PLoS Curr 2017; Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PM

C5400253/ 

27.  Golmohammadi R, Eshagi M, Reyahi Khoram 

M. logic method for assessment of noise 

http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1099-0836
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1099-0836
https://noharm-europe.org/documents/global-green-and-healthy-hospitals-agenda-english
https://noharm-europe.org/documents/global-green-and-healthy-hospitals-agenda-english
https://noharm-europe.org/documents/global-green-and-healthy-hospitals-agenda-english
http://www.who.int/mediacentre/factsheets/fs253/en/
http://www.who.int/mediacentre/factsheets/fs253/en/
http://www.sciencedirect.com/science/article/pii/S0959652616311180
http://www.sciencedirect.com/science/article/pii/S0959652616311180
http://www.sciencedirect.com/science/article/pii/S0959652616311180
http://www.sciencedirect.com/science/article/pii/S0959652616311180
https://www.ncbi.nlm.nih.gov/pubmed/?term=Botelho%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25869221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Botelho%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25869221
https://www.ncbi.nlm.nih.gov/pubmed/?term=Santos%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25869221
http://www.sciencedirect.com/science/article/pii/S0956053X07000360
http://www.sciencedirect.com/science/article/pii/S0956053X07000360
http://www.sciencedirect.com/science/article/pii/S0956053X07000360
http://www.sciencedirect.com/science/journal/0956053X/28/2
http://www.sciencedirect.com/science/article/pii/S004313541000583X
http://www.sciencedirect.com/science/article/pii/S004313541000583X
http://www.sciencedirect.com/science/article/pii/S004313541000583X
http://www.sciencedirect.com/science/article/pii/S004313541000583X
http://www.sciencedirect.com/science/article/pii/S004313541000583X
http://www.sciencedirect.com/science/article/pii/S004313541000583X
http://www.sciencedirect.com/science/journal/00431354/45/1
http://hsr.sagepub.com/search?author1=Forbes+McGain&sortspec=date&submit=Submit
http://hsr.sagepub.com/search?author1=Chris+Naylor&sortspec=date&submit=Submit
https://www.ncbi.nlm.nih.gov/pubmed/?term=Environmental+sustainability+in+hospitals+%E2%80%93+a+systematic+review+and+research+agenda
https://www.ncbi.nlm.nih.gov/pubmed/?term=Environmental+sustainability+in+hospitals+%E2%80%93+a+systematic+review+and+research+agenda
http://www.sciencedirect.com/science/article/pii/S095965261631246X
http://www.sciencedirect.com/science/article/pii/S095965261631246X
http://www.sciencedirect.com/science/article/pii/S0959652604002689
http://www.sciencedirect.com/science/article/pii/S0959652604002689
http://www.sciencedirect.com/science/journal/09596526/13/10
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fatemi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28480124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aguirre%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28480124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mansouri%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28480124
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohammadfam%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28480124
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5400253/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5400253/


 

 
77| IJOH | June 2017 | Vol. 9 | No. 2   Shahbod,  et al 
 

Published online: June 20, 2017 
 

exposure risk in an industrial workplace. IJOH 

2011; 3(2): 49-55. 

28. Toloie-Eshlaghy A, Peydaie M. Designing the 

model of human resource excellence in Iranian 

public sectors. Eur J Econ Financ Admin Sci 

2011; 35: 135-154. 

29. Khatami Firouzabadi SMA, Tabatabaei 

Mehrizi SM. ERP software quality assessment 

using fuzzy VIKOR. Uncertain Supply Chain 

Manage 2015; 3(2015): 189–196. 

30. Kheiri J, Yazdanpanah E, Soleymaninejad M, 

Sajjadi F, Taslimi M. Ranking Five Star Hotels 

in Tehran Using CSR. Int J Inform Sci 2015; 

5(2): 30-41. 

31. Deng H. Multi-criteria analysis with fuzzy 

pair-wise comparison. Int J Approx Reason 

1999; 21(3): 215–231. 

32. Laarhoven PJM, Pedrycz W. A fuzzy 

extension of Saaty’s priority theory. Fuzzy Sets 

Syst 1983;  11, (1–3): 229-241. 

33. Dagdeviren M, Yuksel I. Developing a fuzzy 

analytic hierarchy process (AHP) model for 

behavior-based safety management. Inform Sci 

2008; 178(6): 1717–1733. 

34. Sun ChCh. (2010). A performance evaluation 

model by integrating fuzzy AHP and fuzzy 

TOPSIS methods. Expert Syst Appl 2010; 

37(12): 7745–7754. 

35. Hemmati Z, Dehghan Dehnavi H, Naser Sadr 

Abadi A. Identifying and prioritizing of human 

capital factors using fuzzy AHP technique. 

Journal SIH 2014; 2(3): 95-103. 

36. Yoon K, Hwang CL. Manufacturing plant 

location analysis by multiple attribute decision 

making: Part I—single-plant strategy. Int J 

Prod Res 1985; 23(2): 345-359. 

37. Hwang ChL, Yoon K. Multiple attributes 

decision making methods and applications. 1st 

ed, Springer- Verlag., Berlin Heidelberg, 1981. 

38. Wang TC, Chang TH. Application of TOPSIS 

in evaluating initial training aircraft under a 

Fuzzy environment. Expert Syst Appl 2007; 

33(4): 870–880. 

39. Buyukozkan G, Feyziog lu O, Nebol E. 

Selection of the strategic alliance partner in 

logistics value chain. Int J Prod Econ 2007; 

113(1), 148–158. 

40. Lieffers JRL, Haresign H, Mehling Ch, 

Hanning RM. A retrospective analysis of real-

world use of the eaTracker® My Goals 

website by adults from Ontario and Alberta, 

Canada. BMC Public Health 2016; 16(978):1- 

15. 

41. Azmal M, Kalhor R, Dehcheshmeh N, 

Goharinezhad S, Asadollahi Heidari Z, 

Farzianpour F. Going toward green hospital by 

sustainable healthcare waste management: 

segregation, treatment and safe disposal. Sci 

Res 2014; 6(11): 2632-2640.  

42. Cohen U, Allison D, Witte J. Critical Issues in 

Healthcare Environments. 1st ed, Published by 

The Center for Health Design, California, 

USA, 2009.  

43. American Society for Healthcare Engineering. 

Environmental sustainability in hospitals: the 

value of efficiency. 1st ed, Health Research & 

Educational Trust, Chicago, Illinois, 2014.  

44. Shamaii A, Omidvari M, Hosseinzadeh Lotfi 

F. Performance assessment of HSE 

management systems: A fuzzy approach in a 

Steel Manufacturing Company. IJOH 2016; 

8(2): 100- 109. 

45. World Health Organization. Essential 

environmental health standards in health care. 

1
st
 ed, WHO Press, Geneva, Switzerland, 2008. 

 

http://www.sciencedirect.com/science/journal/01650114/11/1
https://www.ncbi.nlm.nih.gov/pubmed/?term=International+Journal+of+Production+Economics

