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ABSTRACT

Despite the countless advantages of small and medium companies in increasing
employment, increasing national production, and improving the quality of life of
society, the lack of continuity of their performance is recognized as one of the main
challenges in the country. The aim of the current research is to investigate the role of
Internet of Things capabilities and appropriate environmental actions on the
performance sustainability of Small and Medium Enterprises (SMEs). The statistical
population of this research is the senior managers of SMEs in five selected provinces of
the country (Isfahan, Tehran, Fars, Razavi Khorasan, and East Azariabjan) and 42
people were selected as a sample using the snowball sampling method. In this research,
using the fuzzy Delphi approach, performance sustainability criteria and environmental
measures and processes identified from the research literature were localized according
to the small and medium companies of five selected provinces of the country. Next, by
using the first step of the fuzzy house of quality matrix, the relationship of Internet of
Things capabilities in carrying out appropriate environmental actions was investigated.
The results of this section showed that the Internet of Things has the greatest impact on
performing optimal processes, environmental performance assessment, and
commitment to environmental standards. Also, the results of the second phase of the
fuzzy house of quality matrix showed that the implementation of appropriate
environmental actions has the greatest effect on achieving the reduction of greenhouse
gas emissi=-ns, energy and resource consumption, customer satisfaction, the quality of
manufactured products, and the amount of income in the company.
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Intoduction

Small and medium enterprises (SMEs) are crucial
for  fostering  job creation, enhancing
competitiveness through innovation, stimulating
new investment opportunities, and promoting
overall economic development. The European
Commission defines SMEs as companies
employing fewer than 250 individuals with an
annual turnover not exceeding 50 million euros. In
most developed economies, SMEs contribute
significantly, accounting for 65% of employment
and 55% of the Gross Domestic Product (GDP)
(Yadegaridehkordi et al., 2023). In contrast, in
developing nations like Iran, SMEs contribute 40%
to the GDP and 50% to employment (Tajpour et
al., 2023). Despite the vital role of SMEs in
driving economic growth and employment rates,
their recent development in Iran raises
considerable concern. Therefore, the continuity
and sustainability of SMEs are of particular
importance. A key factor contributing to the lack
of continuity and sustainability in these businesses
is the absence of appropriate environmental
measures and processes. It is estimated that SMEs
are responsible for approximately 64% of
industrial environmental impacts. One of the
primary reasons for the inefficiency of traditional
approaches and their limited adaptability to
constant technological advancements and evolving
societal needs is the imperative for new
methodologies, such as Industry 4.0, and the
integration of its associated technologies
(Jayashree et al., 2021). Industry 4.0 refers to
establishing communication between the physical
and digital worlds, decentralizing business
processes, making product production processes
intelligent, and providing services using advanced
technologies such as the Internet of Things,
blockchain, etc., in order to simplify production
processes, increase productivity, and profitability
(Morovati Sharifabadi et al., 2024). Among the
most significant Industry 4.0 technologies
influencing the implementation of appropriate
environmental measures and processes is the
Internet of Things (IoT). The IoT denotes the
interconnectedness of  computing  devices,
mechanical systems, and digital machinery via the
internet, operating autonomously without requiring
human intervention (Mu and Antwi-Afari, 2024).
Most existing studies have primarily investigated
the impact of Industry 4.0 and its related
technologies solely on performance sustainability.
Consequently, these studies do not offer a clear
understanding of how the Internet of Things (IoT)
specifically contributes to performance
sustainability. This gap in understanding may deter

managers and decision-makers from adopting loT
technologies, potentially leading to the continued
failure of SMEs as pollution rates escalate.
Therefore, the present study aims to investigate the
capabilities of the Internet of Things technology in
addressing  environmental  challenges and
achieving performance sustainability within small
and medium-sized enterprises.

Methodology

This study is applied in terms of purpose as its
findings are directly applicable to SMEs.
Methodologically, it is a descriptive-causal study
utilizing a survey approach for data collection. The
statistical population comprises senior managers of
SMEs located in the five provinces with the
highest concentration and activity of such
companies in the country: Tehran, Isfahan, Fars,
Razavi Khorasan, and East Azerbaijan. A sample
of 42 senior managers from these five selected
provinces was chosen using a snowball sampling
method.

Result

In this study, performing optimal processes,
equipment efficiency, employee training, waste
management, commitment to environmental
standards, environmental performance assessment,
choosing the optimal transportation route, and
using appropriate raw materials were identified as
effective environmental measures and were
confirmed using the Fuzzy Delphi approach. On
the other hand, based on a review of the literature
and research background, the criteria of market
share, income, energy and resource consumption,
greenhouse gas emissions, waste produced, use of
recycled materials, quality of manufactured
products, employee health and safety, employee
satisfaction, and customer satisfaction were
identified as the most important performance
sustainability criteria. In addition to their
confirmation based on the Fuzzy Delphi approach,
three criteria of customer health and safety,
turnover, and new job opportunities were added to
the performance sustainability criteria by experts
from small and medium-sized companies in five
selected provinces of the country. The results of
the first stage of the fuzzy quality house matrix
showed that the Internet of Things plays a
prominent role in enabling the three environmental
actions ranked first to third, including performing
optimal processes, assessing environmental
performance, and committing to environmental
standards, compared to other actions identified in
small and medium-sized enterprises in the five
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selected provinces of the country.

In this study, our literature review identified
monitoring and control, accident prevention, raw
material tracking, preventive maintenance and
repairs, prediction of production needs, and
internal and external information exchange as key
capabilities of the Internet of Things (IoT)
technology. Additionally, based on the literature
and prior research, performing optimal processes,
equipment efficiency, employee training, waste
management, commitment to environmental
standards, environmental performance assessment,
choosing optimal transportation routes, and using
appropriate raw materials were recognized as
effective environmental measures. These measures
were subsequently confirmed using a fuzzy Delphi
approach. Furthermore, drawing from the literature
review and existing research, we identified market
share, income, energy and resource consumption,
greenhouse gas emissions, waste produced, use of
recycled materials, quality of manufactured
products, employee health and safety, employee
satisfaction, and customer satisfaction as the most
crucial criteria for performance sustainability.
Beyond their confirmation via the fuzzy Delphi
approach, experts from SMEs in the five selected
provinces further added three criteria: customer
health and safety, turnover, and new job
opportunities, to the performance sustainability
criteria. The second stage of the house of quality
matrix revealed that implementing appropriate
environmental measures can lead to the
achievement of sustainable performance criteria in
SMEs across the five selected provinces.
Specifically, the analysis from this second stage

indicated that greenhouse gas emissions, energy
and resource consumption, customer satisfaction,
product quality, and revenue are the top five
ranked sustainable performance criteria. The
results from the first stage of the fuzzy house of
quality matrix indicated that the IoT plays a
significant role in enabling the top three ranked
environmental measures within SMEs in the five
selected provinces. These measures are optimal
process execution, environmental performance
assessment, and commitment to environmental
laws, highlighting the IoT's prominent influence
compared to other identified measures.

Conclusion

Considering the identification of the capabilities of
the Internet of Things in carrying out appropriate
environmental measures and  performance
sustainability, it is suggested that by estimating the
cost and examining organizational and external
factors, the basis for the use of the Internet of
Things in small and medium-sized companies be
prepared. In addition, considering the results
obtained and the weak role of the Internet of
Things in employee training, it is suggested that
future research should examine advanced
technologies that have an impact on employee
training.
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Internet of Things
Reference Rate o
capabilities
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By using sensors and internet-connected devices in
transportation vehicles, warehouses, and where raw
materials enter the production line, companies can track
the movement of raw materials from the time they enter
the production unit to their final use.

(Vermesan &

9 gt dolSiwd o b3l g JUasl 1l L elu] ozl
2 e Sl Gyaoar b g olojle S I3 calise slapiumw
Iy gyl 535155 9 6l bapinms 4 odls Jloyl el ¢ lojlo I b
S (0wl

O s JBI o cleMbl Jols cusis
o ylo sl

Friess, 2014) The Internet of Things enables the connection and Strengthening information
communication between various devices, sensors, and exchange within and between
systems within an organization or through wireless organizations
communications outside the organization, allowing data
to be sent to cloud systems and processed.
3,Slos g Cumdg oS wad o |y Sl pl S pb a4y sladl co il
. Sl s Sl s bl o i Sy 500 5 o
(Mohammed, 9o S50l &l Ky (5K b Slwend Lol jas o d)"\f’% 9T
2014) IoT allows companies to continuously monitor the status Preventive mamtenance and
repairs

and performance of equipment and take preventive
maintenance or repair actions if any problems or defects
are identified.
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Table 4. Verbal Terms and Corresponding Triangular Fuzzy Numbers (Ahmad et al., 2024)

Bl g5 slas! oS gl i iz,
Corresponding fuzzy numbers Verbal variables Row
SIS
(0.7,0.9,1) W)J) 2 1
Very important
. l
(0.5,0.7,0.9) Caodly )
Important
h») .
(0.3,0.5,0.7) ¥ 3
Medium
- l
(0.1,0.3,0.5) wpf 4
Unimportant
S
(0,0.1,0.3) Curod wf gl s
Very unimportant

3 L aul Jelse cliw] do s olul p alsyo ol 5
3 omlg s il a> e ale b, 5l (S s o0
Ligis ol yd a5 (Ahmad et al., 2024) col o5 5
ol odiaid 3 4La5 15 ailb] do pend (gl o5 lade
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CotS a0l L ple 4o Cuws (656 cunS A sl
P o s ella el sLad &Sl o)l (g5 (st
Abbaszadeh ) s> o 4l 1) (55585 s 5 48,5 o
L8 cuaS BB s pile jl Gimgh opl o (et al., 2023
.(Reda & Dvivedi, 2022) cool ssil)|
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(V) aaily
L, =Min(xij) 1=12,...,n j=L2,...,m
(V) akl,

|
M =([.x)" i=1L2..n  j=12..m
(V) alasly
U, =Max(x;) i=1,2,.,n  j=12,.,m
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Table 5. Linguistic Variables (Reda & Dvivedi, 2022)

slod Sl 5518 slac! oW (s e 93,
Symbol Corresponding fuzzy numbers Verbal variables Row
5 ala
AN 0.7,1,1) gy 1
Strong relationship
buwgio abl
O (0.3,0.5,0.7) e )
Medium relationship
s dbl
O (0,0,03) T
Weak relationship
Wik 9 P OLIIN b eadails (5,5 G e 50 Jake 4 g L

P e g (B ol gl (Sten pow dl>ye
Jol dloye 3 2gdce et CodS S uyle il
Ololidl lad wiige 5 (8 bl wuaS B o slo
oS A Sl pod dls yo 40 ] caunlio | jlare
38es ol lajlas Gloa (potine 5 (8 L3l
F Jose b il (edie 5 (B Sl Gl blo)l L atin

A Jalgs jasuie

g jlaee Slolidl g sl o pn) slacubl e bl
Ol bl g cudsS &byl Jol A jo 3 1) uslio
Py oSles gyl slaylse 5 cuvlio g jlaore Ciloladl
sokaiedy S plulis cuaS A juple ped dbye
el Sl olizl & g by o5y Sl (s jloss 1S

ol oddodlitnl awdin ke 3l o 55

Obe (Sumnod 9 bl )l (a0 (ymrd tegaw Al po
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Table 6. Linguistic Variables of Correlation of Technical and Engineering Requirements (Reda & Dvivedi,

2022)
3los Sl (5518 slac! oW 5 pario Q9>
Symbol Corresponding fuzzy numbers Verbal variables Row
45 (0.3,0.5,0.7) ket 1
Very positive correlation
or (0,0.3,0.5) e S 2
Positive correlation
O (-0.5,-0.3,0) (e (Naed 3
Negative correlation
— (-0.7,-0.5,-0.3) e e (Fhon

Very negative correlation
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Table 7. First Stage of the Fuzzy Delphi Approach
2125558 slade
Aol [ XWe Yo s bawgio 9> oml > Jolgs
Result Defuzzified ) M) @) Factors
value
38es ()l (sl lne
Performance sustainability criteria
(5 Ik
= 0.875 1 0.9 0.7 2% e
Confirmation Market share
b 0.875 1 0.9 0.7 el
Confirmation Income
ok gle g G5l Spas
Conﬁl;nation 0.875 1 0.9 0.7 Energy and resource
consumption
b lolsdS (gljlS L
= 0.875 1 0.9 0.7 BT SRIT
Confirmation Greenhouse gas emissions
;“ 5 .:J‘J . Q Lé
S 0.797 1 0.845 0.5 dbilg oy
Confirmation Waste produced
b 58051 Slge 1 oolizl
= 0.759 1 0.769 0.5 TR e ST
Confirmation Use of recycled materials
[ oY CatsS
= 0.797 1 0.845 0.5 o gae Se
Confirmation Quality of the products
b LSS el g Dl
= 0.797 1 0.845 0.5 WBIE S’y
Confirmation Employee health and safety
b 0.811 1 0.872 0.5 oS58 cols,
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Result Defuzzified ) M) L) Factors
value
Confirmation Employee satisfaction
b 3b e ol
= 0.811 1 0.872 0.5 O =S
Confirmation Customer satisfaction
Appropriate environmental actions
5 e il b plosl
= 0.747 1 0.745 0.5 ke SR P
Confirmation Performing optimal processes
5 e 2
= 0.771 1 0.793 0.5 ek
Confirmation Equipment efficiency
5 SIS el
= 0.811 1 0.872 0.5 O el
Confirmation Employee training
b Olyls Copae
. 0.797 1 0.845 0.5
Confirmation Waste management
b s jlae (gl a3kl 4 apss
Co 0.875 1 0.9 0.7 Commitment to environmental
Confirmation
standards
ok s e 3 )Sles b))
Co 0.759 1 0.769 0.5 Environmental performance
Confirmation
assessment
Wl JBg o> 5> dinge gl ppone Sl
0.875 1 0.9 0.7 Choosing optimal transportation
Confirmation
routes
b clio agl dlga ;I o3lil
= 0.811 1 0.872 0.5 | Ty e SR
Confirmation Using appropriate raw materials

A (e LS 3 g 3 Sles (6)l0l sla e
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Table 8. The Second Round of the Fuzzy Delphi Approach to Identify the Final Performance Sustainability

Criteria
’°;W°' @B Jlate (21350651 ylade 6l b, bro

ol Th” Jldajeond  pgrdajennd % ¥ 3 Slos
Result difference  Defuzzified Defuzzified Y& Bws  omb  performance
between the value of the value of the O ™ (L) sustainability

two stages first stage second stage criteria

b I5L

= 0 0.875 0.875 109 07 20 e

Confirmation Market share
b 0 0.875 0.875 1 0.9 0.7 ol
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Result differ:nce Defuzzified Defuzzified Yoo hege  omb Performance
between the value of the value of the O ™ L) sustainability
s first stage second stage criteria
Confirmation Income
. &l g (5551 B puan
U
S 0 0.875 0.875 1 09 07 Energy and
Confirmation resource
consumption
ISR
0 e
Sl 0 0.875 0.875 1 09 07 s
Confirmation Greenhouse gas
emissions
[} s Slals
Sl 0 0.797 0.797 1 0845 05 2 CWErow
Confirmation Waste produced
Slge 31 oaliul
;L.; - .
= 0.051 0.759 0.811 1 0872 05 bt
Confirmation Use of recycled
materials
b Yo oS
Confirmation 0.077 0.797 0.875 1 0.9 0.7 Quality of the
products
el g oMo
b oSl
Confirmation 0.013 0.797 0.811 1 0.872 0.5 Employee
health and
safety
b LS s,
Conﬁl;nation 0 0.811 0.811 1 0.872 0.5 Employee
satisfaction
b Obyide cols,
c nﬁr?nati " 0 0.811 0.811 1 0.872 0.5 Customer
° ° satisfaction
[} Lo 55,5
=Y - - 0.875 1 09 07 e
Confirmation Turnover
i s i e
- - - 0.771 1 0.793 0.5 New job
Confirmation .
opportunity
el g oMo
Sl - - 0.797 1 0845 05 Oy
Confirmation Customer health
and safety
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Figure 1. Sample Filled out from the First Stage of the Quality House Matrix by One of the Research

Experts
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Table 9. First Stage of the Fuzzy House of Quality Matrix

(W) 254, RI* RI* RI Cowlie (i jlansmo Cilolud) 93,
Normalized RI* (W) Appropriate environmental actions Row
0.1296 17.01 47 St slaia plos 1
Performing optimal processes
s jlaime 3 Slos L)
0.1290 1692 3.42 BT SN (2R) 2
Environmental performance assessment
. . Lm ‘ .l;..M)l .
0.1289 1691 4.43 shilame slaluliul & e
Commitment to environmental standards
Slymss ol
0.1275 1673 4.11 e 2l 4
Equipment efficiency
Olols co
0.1268 16.64 491 b o 5
Waste management
Cunlio ddgl dlgo 5l oslitwl
0.1264 1659 3.74 Tty e SerE 6
Using appropriate raw materials
0.1217 1597 3.76 | JBade> gy e 7
Choosing optimal transportation routes
SIS el
0.1096 1438 1.99 OO 8
Employee training
piin 45y )3 lae cpl o] ) eldl o) At i85 g Pl aw A Jgds )3 oxdodls lis polie 4 avgi b
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Table 10. Second Stage of Fuzzy House of Quality Matrix

Normalized RI* (W) Performance sustainability criteria Row
s lajls L
0.08143 5.8021 0.925 ST SRS 1
Greenhouse gas emissions
e g (551 &
0.08142 5.8015 0.925 & 9 SOy e , 2
Energy and resource consumption
0.08057 57412 0.892 chyie calsy 3
Customer satisfaction
:‘A.J . &:JY -
0.08039 57283 0.840 o SN pae CotS 4
Quality of manufactured products
(|
0.8001 57014 0.919 e 5
Income
Lo Wy &
0.07937 56552 0.772 S 6
Turnover
oddad g Olals
0.07833 55815 0.879 ey S 7
Waste produced
LSS cols
0.07741 55162 0.844 OO T 8
Employee satisfaction
LSS ol g CoMas
0.07612 5.4239 0.872 OFOE TS 9
Employee health and safety
280 5L dgo 5l ooliiw!
0.07595 54122 0.689 2Lk dlge I ed . 10
Use of recycled materials
Ob e Coal g oMo
0.07549 5.3794 00911 11
Customer health and safety
I5L
0.07297 5.1998 0.724 I ke 12
Market share
0.06047 43087 0302 dr i o 13

New job opportunity
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