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Abstract

With increasing environmental awareness and sustainability in production processes ,
small and medium industries are looking for solutions for design and development.
They are green products. Using the Kano model as an effective tool in identifying the
needs and desires of their customers can help this industry to develop strategies to
create sustainable products. and attract the target market. Considering the environmental
challenges and the need for sustainable development , the design and development of
green products has become a priority in small and medium industries. This research
investigates the effective strategies in this field by using the economy model.Kano 's
model, with an emphasis on identifying the needs and expectations of customers |,
provides the possibility of prioritizing the characteristics of green products. In this
regard , first the key features of green products are identified and then by analyzing the
various dimensions of the Kano model, strategies for the design and development of
these products are presented. to be The results show that by using this model , small and
medium industries can respond more effectively to the needs of their customers and at
the same time reduce the impact Help the environment.The results of data analysis
showed that among the indicators of green product design and development strategy, in
order of product performance indicators , reverse engineering , indifference,
attractiveness and redesign are the most and least important in the group. This research
can be used as a guide for strategic decisions in the design of sustainable products in
small and medium companies.
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Introduction

Green Product Design and Development (GPDD) has turned into a ten world keyboard. The main purpose
of GPDD is the reduction of environmental impacts caused by industrial growth worldwide. In the face of
economic and environmental problems , national and international measures to stimulate the growth of
green production as a new source of growth in recent years. has intensified. The growth of green
production is the result of sustainable economic development. This growth combines two vital things: the
continuation of comprehensive economic growth that developing countries need to eradicate poverty and
promote welfare.and better management of the environment , which is necessary to deal with the lack of
resources and climate change. When green growth was proposed as a part of economic stimulus packages
, some governments realized that this growth in the short term was achieved by increasing investment in
some technologies. Green (especially low carbon technologies) helps to improve employment and
incomes. (Dang et al., 2018). Developing countries play a vital role in helping the green growth of the
world from two important aspects. First , developing countries should pay attention to the possible
economic and social consequences of environmental degradation.These countries are more accepting of
climate change in Asia and rely more on the exploitation of natural resources for economic growth than
industrialized economies.Industries , especially carbon - intensive and energy - intensive manufacturing
industries , will play a key role in achieving the global goals of reducing climate change.The energy and
plant sectors account for half of the world 's greenhouse gas emissions , and therefore play a vital role in
achieving the goal of reducing carbon emissions to zero.. The constant conflict between the economic
development goals of industrial companies and climate commitments makes it more difficult to achieve
long - term sustainability. The methods of increasing energy efficiency in the industry are the most
effective ways to reduce carbon emissions (Dalag et al. , 2021). In fact , the COVID - 19 pandemic
provides important insights into global climate change.Typically, even short - term shutdowns during the
pandemic resulted in dramatic reductions in greenhouse gas emissions worldwide , demonstrating that
reductions in fossil fuel use and industrial emissions are essential. is However , as seen in China and
several other countries , this reduction is temporary. The desire to return to the normal situation and
stabilization of the economy will lead to an increase in the rate of gas emissions. Short - term easing of
environmental standards by avoiding commitments to use cleaner energy sources can hinder previous
efforts to transition to a cleaner , greener , and more sustainable environment. harm the world. As a result
, even with the strongest economic shock from a pandemic , there is still time to revise basic policies in
favor of a greener economy , which is likely to reduce the occurrence of crises related to climate change
in a short period of time (Kumar et al., 2015). The country 's current growth patterns will play an
important role in the decision - maker for the transition to the growth of a green economy and friendly
production of FAA. That 's enough From the developing economies , they overtook the per capita income
growth rate of the developing countries between 2000-2010 to increase the gross domestic product. As
shown in Figure 1, basic forecasts indicate that global gross domestic product will approximately triple in
the next four decades.Most of the growth is observed in India and China , which have significant growth
potential. It is expected that the GDP of emerging countries will grow faster than that of OECD member
countries. Afza Ya Sh forever
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Figure 1. Growth trend of authentic gross domestic product (GDP) , 2010-2050. Purchasing power parity
(PPP), constant price 2010, billion dollars , (Chatto et al., 2011) (Chatto et al., 2011).

a product of the P.S.R. industry in the world of steel. Greenhouse gases caused by the usual production
techniques are also high in production. At present , approximately 1.5 million tons of steel are produced
worldwide per year. Each ton of steel production releases 2 tons of carbon dioxide into the atmosphere.
This amount constitutes approximately 5 % of global pollution and warming. (Rahman et al., 2013).
Developing countries are not only accepting the climate change in Asia , but also increasingly
contributing to it (Figure 2). Many emerging countries have currently invested in energy sources that
pollute the environment and produce high amounts of greenhouse gases.Energy - related CO2 emissions
from developing countries are expected to triple by 2050, unless new low -emission energy sources are
deployed on a scale similar to the industrial revolution. be taken The amount of CO2 released , which
produces the same amount of heat and time as a long - lived greenhouse gas , A compound of greenhouse
gases produced in a certain horizon is known as carbon dioxide equivalent. (Chavi et al., 2020). CO2
equivalent emissions are calculated by multiplying greenhouse gas emissions by the global warming
potential for the given period (OECD report , 2012). Recently , there has been much focus on the world's
transition to a low - carbon economy (YYang et al., 2019) and a strategy The construction of multipurpose
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resources into an ecological industry cluster that uses green technologies and renewable energies for the
best economic efficiency and minimal production. CO2 uses , has been applied (Ahmad et al., 2021 ; Chu
etal., 2009).

mm OECD Bl Major emerging economies Developing economies
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Greenhouse gas emission trends , 2010-2050 (OECD report , 2012). GtCO2e = gigaton CO2 equivalent.
Attention - Mexico and Chile are members of the Organization for Economic Cooperation and
Development (OECD) despite the drop in official development assistance (ODA). Brazil , China , India
and South Africa are emerging economies. Regardless of whether they receive ODA or not , all other
countries are of interest to developing and other economists.

Environmental concerns are a high priority for most organizations in the field of creating new products. In
order to comply with the latest green requirements during product development , special measures must
be taken. The structure of a product is known as a vital aspect in reducing environmental impacts at the
end of its life. Due to the assumption of the stability of the product structure, most of the previous
researches have not been able to take advantage of the considerable flexibility in the design stage. We
provide a CAD - based methodology that allows automatic changes in the 3D structure of the product by
changing the composition of parts , assembly methods , and assembly sequences torespond to this
deficiency (Ahmad et al., 2018). With the increasing global concerns about climate change and
environmental degradation , the industry , especially the small and medium - sized industries (SMEs) ,
faces serious challenges inThe production processes and the designers of their products are facing each
other. Ain Sana Ya A , because of L Limited resources and less capacity than larger companies may have
problems in following sustainable plans.Also , the lack of awareness of the needs and expectations of
customers regarding green products can lead to failure in the market. In this regard , using the Kano
model as a analytical tool can help SMEs to better identify the needs and desires of their customers , and
based on them , create effective strategies for Create green product design and development. In this
research, the challenges and appropriate solutions to improve the performance of small and medium
industries in the field of green product design and development are discussed.

2050
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Research methodology

This is a descriptive - analytical research that examines the design and development strategies of green
products in small and medium industries using the Canomi model. The research method is conducted in
the field using qualitative and quantitative techniques. This approach allows the researchers to understand
the needs and expectations of their customers more deeply and collect numerical and statistical data at the
.same time

Table (1) Formulation of strategy with Kano model

These Requirements Are Not Fulfilled; the User will

M Must Be Be Depressed.
With a higher level of fulfillment, the user is high
P Performance . . .
satisfaction and vice versa.
Attractive requirements are neither explicitly, neither
A Attractive expressed nor expected by the user. There are no

sentiments of disappointment because these conditions
are not reached.

Whether the product, service, or process is dysfunctional
I Indifferent or completely functional, the user is neither satisfied
nor unhappy.

There is a contradiction in the user’s answer to

Q Questionable (invalid) the question.

The user does not want this requirement, but they expect

R Reversal (invalid) the reverse

:To collect data , the following tools are used

Questionnaire: A questionnaire including closed and open questions is designed to collect information .\
from customers and experts of small and medium industries. This questionnaire includes questions about
.the needs and expectations of customers in the field of green products and their desirable features

Semi - structured interviews: In order to obtain deeper and qualitative information , semi - structured .Y
interviews are conducted with experts and managers of small and medium industries. These interviews
help to identify the challenges and obstacles in the process of designing and developing green products.

Studying documents: Examining existing documents and literature in the field of design and .Y
development of green products and focal models helps to collect information. These documents can
.nclude scientific articles , industry reports and other related sources
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Society and sampling

Statistical population: The statistical population of this research includes all small and medium -
industries in Mazandaran province active in the field of green products production. These industries
.include producers of consumer goods , cosmetics and hygiene , and food products

Sampling: The purposeful sampling method is used for sampling. In this method , samples are selected -
from small and medium industries that produce green products and seek to improve their product design
and development processes. The sample size will be approximatelyl00 to 150 managers and experts of
this industry.

Analysis and analysis of data: data collected through The process of fuzzy network analysis is broken -
down and analyzed. Statistical analysis will include description and inference that will help identify
trends and patterns in the data.

Data analysis

Dimtel 's findings fuzzy

This section is provided step by step based on the description provided. Due to space limitations, only one
:sample analysis is presented. The rest of the information is reported in the tables

Tablel: criteria and symbols

Criterion symbol | row
performance C1 1
attractive t C2 2
The difference is C3 3
Redesign of C4 4
reverse engineer C5 5

experts were used to check the criteria, as shown in the following table It shows the pairwise Y7

fuzzy numbers are triangular and in the ;3 = (I;;,m;;, u;;) ,comparison of each expert, in these matrices

iy
fuzzy number; = (i = 1,2,3, ..., n) form of(0,0,0)are considered. Therefore, the opinions of experts are

:collected and combined using the formulas mentioned in the analysis method section

Table 2: Fuzzy Dimtel decision matrix

c1 c2 c3 C4 C5
C1 | (0.00,0.00,0.00) | (3.00,3.72,4.00) | (3.00,3.72,4.00) | (2.00,3.11,4.00) | (2.00,3.43,4.00)
C2 | (2.00,2.21,3.00) | (0.00,0.00,0.00) | (3.00,3.46,4.00) | (2.00,2.85,4.00) | (3.00,3.22,4.00)
C3 | (3.00,3.07,4.00) | (3.00,3.07,4.00) | (0.00,0.00,0.00) | (2.00,2.94,4.00) | (2.00,3.13,4.00)
C4 | (2.00,2.06,3.00) | (2.00,2.06,3.00) | (3.00,3.14,4.00) | (0.00,0.00,0.00) | (2.00,2.06,3.00)
C5 | (3.00,3.07,4.00) | (3.00,3.07,4.00) | (3.00,3.07,4.00) | (2.00, 2.06, 3.00) | (0.00,0.00,0.00)
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Based on the formulas mentioned in the normalization method section in Fuzzy Dimetal, the matrix of
integrated comments is calculated as shown in the table below. The table below shows the normalized

.matrix

Table3:

normalized matrix

C1

C2

C3

C4

C5

C1

(0.00,0.00,0.00)

(0.15,0.18,0.20)

(0.15,0.18,0.20)

(0.10,0.15,0.20)

(0.10,0.17,0.20)

Cc2

(0.10,0.11,0.15)

(0.00,0.00,0.00)

(0.15,0.17,0.20)

(0.10,0.14,0.20)

(0.15,0.16,0.20)

C3

(0.15,0.15,0.20)

(0.15,0.15,0.20)

(0.00,0.00,0.00)

(0.10,0.14,0.20)

(0.10,0.15,0.20)

C4

(0.10,0.10,0.15)

(0.10,0.10,0.15)

(0.15,0.15,0.20)

(0.00,0.00,0.00)

(0.10,0.10,0.15)

C5

(0.15,0.15,0.20)

(0.15,0.15,0.20)

(0.15,0.15,0.20)

(0.10,0.10,0.15)

(0.00,0.00,0.00)

After calculating the above matrices, the fuzzy total relations matrix according to the formulas Mentioned

:in the fuzzy dimetal section for normalization, it is normalized and given below

The table below shows thev matrix.

Tabla 4: matrix v

Total
relationship C1 C2 C3 C4 C5
matrix
c1 (0.232(,5%44, (0.37,0.64,4.00) (o.io,lg).m, (0.28,0.59,4.00) | (0.30,0.62,4.00)
oy (0.32,0.49, (0.24, 043, (0.40, 0.63, (0.28, 053, (0.34, 0.56,
3.63) 3.67) 3.99) 3.83) 3.83)
(0.3, 0.53,
c3 o3, (0.35,0.57,4.00) | (0.25,0.49.4.00) | (0.27,0.54,4.00) | (0.28,0.57,4.00)
(0.18, 0.35, (0.28.0.46,
C4 | (0.30043333) | (0.31,0.46,3.47) | (0.38,0.55,3.65) Sa) )
e (0.37, 051, (0.39, 0.55, (0.42, 0.60, (0.29,0.48, (0.2, 0.41,
3.69) 3.85) 4.01) 3.81) 3.68)

In order to be able to apply the relations obtained from the fuzzy Dimetal in the fuzzy network analysis
process, the total interface matrix must be removed from the fuzzy state; Therefore, the relationship
matrix is first de-fuzzified and column-normalized, and in the final stage of the network analysis process,
:it becomes fuzzy

Table 5: matrix of total relations

Total relationship matrix C1 C2 C3 C4 C5
C1 0/9447 | 1/1582 | 1/2333 | 1/1090 | 1/1366
C2 0/9903 | 0/9397 | 1/1577 | 1/0408 | 1/0745
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C3 1/0511 | 1/1070 | 1/0395 | 1/0720 | 1/0946
C4 0/8968 | 0/9442 | 1/0469 | 0/8230 | 0/9373
C5 1/0222 | 1/0766 | 1/1445 | 1/0121 | 0/9302

:In the following table, the normal dephased total relations matrix is given

Table 6: Diffuse matrix of total relations

Total relationship matrix C1 C2 C3 C4 C5
C1 0/15799 | 0/18213 | 0/17987 | 0/18001 | 0/18052
C2 0/16562 | 0/14777 | 0/16884 | 0/16894 | 0/17066
C3 0/17578 | 0/17408 | 0/15160 | 0/17400 | 0/17385
C4 0/14998 | 0/14848 | 0/15268 | 0/13358 | 0/14887
C5 0/17095 | 0/16930 | 0/16691 | 0/16428 | 0/14774

Findings of fuzzy analytic network process

This section is divided into the following seven sections, including weight and dimension information.
The subsets were analyzed based on the fuzzy network analysis process method and developed to analyze
the identification of effective factors. In this section, due to space limitations, only one example is
presented. After preparing the questionnaire, a copy of it was presented to Y© industrial experts who
participated in this study. Next, validation and analysis criteria were examined. At this stage, comparison
was made with the relative importance of all questionnaires. Based on this, the matrix of pairwise
comparisons was created and the importance coefficient of the main indicators of the two-way supply
chain was calculated, as well as the thickness matrix of the importance coefficient of the indicators
.compared to the index

Calculation of triangular fuzzy numbers

with attention to Importance relative Values Calculated in stage ,before Numbers fuzzy Triangular
Calculate they become until all comments Integrated experts to be Collection Numbers fuzzy Triangular
as Below definition it willbe

aij = (o ij ,B ij , 8ij)

that in it 8ij Collection Numbers fuzzy ,Triangulara ij the least amount Criterionj for Dimensioni B ij
average geometric Criterionj for Dimensioni and dij the most amount Criterionj for The dimension isi.
Table Below Numbers fuzzy Triangular Calculated for Dustovan supply chain criteria badge gives as well
that view you do Numbers inside ,parentheses to order from side right the least amount Criterionj for
dimensioni , average geometric Criterionj for Dimensioni and also the most amount Criterionj for Next
i badge gives
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[ C4 Cc3 c2 Cc1
Cl | )95.614:3( | )9 ¢6.3568 <1( |  )8:4.025 <0.25( )8:3.949:0.333( | )8¢2.039:0.333(
(3 )8 ¢ [3 3 [3 [3 [3 3
c2 )Leled( 5.0642.0.5( )5:2.506:0.333( )6:2.271 <( )4« 0.779¢ 0.167(
c | (2=0197 = @ 1Y) (0.5 t00.196 to (2 =0.235 = (2 =0.202 =
3 0.125) 0.149) 0.125) 0.111)
2 (3 ,0.399 ,0.2) | (8 ,5.110 ,2) a.1.1) (4 ,1.135 ,0.333) | (7 ,0.413 ,0.143)
c (1.,0439 , (8 ,4.264 ,
c 0.166) 05) (3 ,0.882 ,0.25) a.1.1) (5 ,0.466 ,0.111)

:The coefficients of each of the pairwise comparison matrices

At this stage, using the definitions of the fuzzy hierarchical analysis process, the coefficients of each of

:the pairwise comparison matrices are calculated

m n
[Z ZMU = (18.825 ,64.651 ,131.833)™! = (0.0075,0.0154,0.0531)
i=1 j=1

S, =(5.916,22.9838, 43) = (0.0075,0.0154, 0.0531) = (0.4437,0.3539,2.2833)

S, =1(3.111, 11.8182, 24.333) = (0.0075, 0.0154, 0.0531) = (0.02333,0.1820,1.2920)

S, = (1.621, 1.978,8.5) = (0.0075, 0.0154, 0.0531) = (0.0121, 0.0304, 0.4513)

S, = (3.801,8.305,27) = (0.0075,0.0154, 0.0531) = (0.0285, 0.1278, 1.4337)

Ss = (2.152,7.304,21) = (0.0075,0.0154,0.0531) = (0.01614, 0.1124,1.1151)

:The magnitude of each element over other elements

:Now the magnitude of each element over other elements should be calculated

S1 S2 S3 S4 S5
5) = 5;=1| 5, = 5,=0.8315 | 53 =5,=0.0229 | 5, = 5,=0.8140 | 55 = 5,=0.7354
51 =85;=1 5, = 85;=1 53 = 5,=0.7362 | 54 = 5,=0.9629 | 55 =5,=0.94
51 =5,=1 5, = 5,=1 5; = 5,=0.8127 5, = 53=1 55 = 53=1
5y =855=1 5, = 855=1 5, = 55=0.8414 5y = 55=1 55 = 5,=0.9862

After determining the magnitude of each element over other elements, it is time to calculate the

magnitude of oneSi over otherSis:
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MinV (S; = 5,,5,,5,,55) = 0.8229

MinV (S, = 5,,5,,5;,5;) = 0.8140

MinV (S5 = 5,,5,,55,5,,55) = 0.7354

C1 toC6 :indices , and the following are the normalized weights of the above indices

W =[0.2325,0.1933,0.2113,0.1893,0.1710]

Then the dependence between the criteria calculated by the fuzzyDEMATEL method was considered in
this section (see Table7.(

Table 7: network decision matrix

C1 C2 C3 C4 C5
C1 | 0.15799 | 0.18213 | 0.17987 | 0.18001 | 0.18052
C2 | 0.16562 | 0.14777 | 0.16884 | 0.16894 | 0.17066
C3 | 0.17578 | 0.17408 | 0.15160 | 0.17400 | 0.17385
C4 | 0.14998 | 0.14848 | 0.15268 | 0.13358 | 0.14887
C5 | 0.17095 | 0.16930 | 0.16691 | 0.16428 | 0.14774

The criteria, considering the dependence through the integration of the results and using the relationship

Finally

c1 C2 c3 c4 c5 Ccé weight | Rank
performance 0.15799 | 0.18213 | 0.17987 | 0.18001 | 0.18052 | 0.17953 0.2325 0175692 | 1
attractive t 0.16562 | 0.14777 | 0.16884 | 0.16894 | 0.17066 | 0.16968 0.1933 0.165062 | 4
By 0.17578 | 0.17408 | 0.15160 | 0.17400 | 0.17385 | 0.17220 | | 0.2113 0169647 | 3
difference
Redesign of 0.17095 | 0.16930 | 0.16691 | 0.16428 | 0.14774 | 0.16817 0.1710 0.164685 | 5
reverse 0.17968 | 0.17826 | 0.18010 | 0.17919 | 0.17835 | 0.15585 0.2083 0173662 | 2
engmeer

We = B*Wis obtained

The above table shows the overall weight of the indicators, which is calculated based on the relationships
mentioned above and the processes and final weights.

conclusion

10
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In today 's era , sustainable development is considered as a basic approach for managing environmental
and economic challenges. Small and medium industries (SMEs) play an important role in the global
economy , but these industries face specific challenges in the design and development of green products.
This research , using the Kano model , identified the needs and expectations of customers in the field of
green products and presented strategies to improve the design and development processes of these
products. has done The results show that SMEs can respond more effectively to the needs of their
customers by using the economy model , and at the same time reduce their negative environmental
impacts. give Finally , this research can be used as a guide for strategic decisions in the direction of
sustainable development in small and medium industries.

Limitations

This research is specifically limited to small and medium industries in one country It was a special
geographical area. For the same reason , the obtained results may be different in other countries. or areas
with different conditions , cannot be generalized. Also , the lack of access to accurate and comprehensive
data on the needs and expectations of customers regarding green products may affect the results of the
research. On the other hand , previous studies in this field may not have fully examined the customers ,
which is due to the lack of information in the field. Kano's model leads to the process of designing and
developing green products. Finally , factors such as financial , technical and human limitations in small
and medium industries may be influential , especially in the implementation stages of the proposed
strategies..

Recommendations
1. Suggestions based on removing limitations

- Development of more research: in order to improve the accuracy and generalization of the results , it is
suggested to conduct similar research in different fields and diverse geographical areas. These researches
can identify the different types of customers in different industries and also examine the various effects of
the Kano model on the design and development of green products.

- More data collection: Small and medium industries should collect more accurate data regarding the
needs and expectations of their customers. This can be possible through polls , focus groups and other
research methods.

- Training and capacity development: To overcome financial and technical limitations , small and medium
industries need training and capacity development programs in the field of product design and
development. they have green These programs can help increase the awareness and capabilities of
employees in this field.

2. Suggestions for the use of management

11
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- Using the Kano model in water market strategies: small and medium industry managers can use the
Kano model to adjust their water market strategies in such a way that Cover the needs and expectations of
their customers effectively. This can lead to an increase in customer satisfaction and , as a result , to an
increase in sales and market share.

- Development of international cooperation: cooperation with other countries and public industries can
help to exchange experiences and better practices in the field of designing and developing green products.
These collaborations can be created through participation in conferences , exhibitions and joint projects.

- Creation of support networks: The formation of support networks between small and medium industries
can exchange information , experiences and resources in the field of product design and development.
green help These networks can lead to strengthening collaborations and better sharing of patterns.

- Investing in green technologies: managers should pay attention to investing in new and green
technologies , because these technologies can improve processes. help in reducing the effects of
production on the environment. This requires accurate planning and cost - benefit evaluation.

According to these suggestions , small and medium industries can move towards the design and
development of green products by taking advantage of the Kano model and effective strategies and play
their role in Sustainable development is a phenomenon.
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