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Introduction

With the increase in industrialization, the need for energy has 
increased. In this process, the use of fossil energy sources 
increases the amount of carbon gas in the atmosphere. 
However, carbon dioxide emissions have many negative 
effects on the environment. The emission of this gas pollutes 
the air and threatens the life of the living things. In addition, 
because carbon dioxide emission creates air pollution, it also 
leads to serious illnesses for the people. For instance, there is 
an increase in lung cancer patients (Monyei et al., 2019). Due 
to these problems, decarbonization in the industry has become 
increasingly important. This concept aims to minimize the 
negative effects of carbon dioxide emissions by using carbon-
based technologies in the industry (Salina et al., 2020).

Most countries implement some policies to reduce carbon 
dioxide emissions. In fact, this constitutes the agenda of inter-
national energy institutions (Yang et al., 2019). Renewable 
energy sources are the most prominent issues in this process. 
They represent the energy obtained from the existing energy 
flow in the continuous natural processes (Huang, 2019). Hence, 
it can be said that carbon dioxide emissions are low in sources 
where natural processes are used for energy production such as 
wind, solar, and geothermal (Tantau & Staiger, 2020). From 

this point of view, sustainable energy can be obtained through 
renewable energy sources.

Industrial decarbonization aims to decrease carbon diox-
ide emissions caused by industrial production. Therefore, 
with decarbonization, it will be easier to attract both domes-
tic and foreign investors. Paying attention to the reduction of 
carbon dioxide emissions in a country will increase the con-
fidence of investors. Because of high initial costs, it is diffi-
cult for energy companies to provide funds in this process. 
While international credit institutions give loans to energy 
companies, they pay attention to whether these companies 
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are environmentally sensitive (Zhang, Zhou et al., 2020). On 
the other hand, because carbon dioxide emission causes seri-
ous illnesses, the treatment of them can cause high amount of 
costs. Owing to this aspect, the process of industrial decar-
bonization can contribute sustainable economic develop-
ment of the countries (Rathore & Ilavarasan, 2020).

One of the biggest causes of carbon emission is the lack 
of attention to this issue in the industrial production pro-
cess. Therefore, there is a serious need for products that 
will reduce carbon emissions, especially in the industrial 
production process. However, developing new products for 
industrial decarbonization is difficult. There is a risk that 
this new product to be developed cannot meet the needs of 
the market (Ku, 2020). Since this situation will cause cus-
tomer dissatisfaction, there is a possibility that this new 
product to be developed will fail. On the other hand, the 
new product to be developed for industrial decarbonization 
will bring serious technological innovations. In this pro-
cess, there is a risk that customers may find these products 
difficult to use. This will cause a decrease in the sales vol-
ume of the product.

Many different factors should be taken into consideration 
at the same time while generating new products for industrial 
decarbonization. New product development is a process that 
has certain stages. First, different ideas for carbon-free prod-
ucts need to be collected. In this context, the opinion of both 
employees and experts in the market should be obtained. 
Then, the more important of these ideas collected by the 
expert team within the company should be identified. 
Afterward, the new product needs to be developed by mak-
ing the latest arrangements. However, one of the most impor-
tant processes occurs after the development of this product. 
In this context, this developed product should be tested 
before it is put on the market. In this way, it will be possible 
to prevent a possible failure in the development process of 
the product. The new product, which successfully survives 
the test phase, is launched (Roy et al., 2020). In this process, 
the introduction of the properties of the product is also 
important. Because of the use of this developed herd in the 
industry, carbon emissions can be reduced.

This study aims to determine the most important stages in 
the development of new products with low carbon emissions. 
In this process, literature review on new product develop-
ment has been conducted and five different stages have been 
identified. Additionally, 10 sub-criteria are also selected for 
these stages. Moreover, IT2 fuzzy DEMATEL method is 
used to define which of these stages is more important than 
the others. In the literature, there are different methods to 
weight the factors, such as analytic hierarchy process (AHP) 
and analytic network process (ANP). However, the main 
superiority of DEMATEL approach is creating impact rela-
tion map of the items (Song et al., 2020). Thus, causality 
relationship between these factors can also be evaluated 
(Fazli et al., 2015; Kaya & Yet, 2019). Furthermore, while 
considering IT2 fuzzy logic in the analysis process, it can be 

more possible to handle uncertainties in decision-making 
process (Runkler et al., 2018; Wu et al., 2019).

The main motivation of this study is to present an appro-
priate strategy while developing new products for industrial 
decarbonization. There are limited studies that indicate 
which of these steps should be prioritized to generate effec-
tive new products for the industrial decarbonization. Hence, 
it is believed that this study makes a significant contribution 
to the literature. Additionally, it will also be able to develop 
a strategy on how to avoid the carbon dioxide emission prob-
lem that needs to be solved for the economic development of 
a country. By determining the importance of product devel-
opment processes, it will be possible to develop these strate-
gies accurately and in place. Hence, it can be much easier to 
generate necessary products to improve industrial decarbon-
ization so that economic and environment development can 
be achieved.

There are five different parts in this study. The first part 
includes general information about the concept. Secondly, 
literature review is given. For this purpose, new product 
development process, the concept of industrial decarboniza-
tion and the evaluation of similar studies are explained. 
Additionally, the third part is related to the detailed informa-
tion about IT2 fuzzy DEMATEL methodology. In the fourth 
part, analysis results are demonstrated. Also, the final part 
includes discussion and conclusion.

Literature Review

In this section, new product development process, the con-
cept of industrial decarbonization and the evaluation of simi-
lar studies are given.

General Information About New Product 
Development

Companies develop and offer products to customers for their 
purchase. At the end of this process, they increase their profit 
margins owing to their sales revenues. The important point is 
that this process can be continuous. Otherwise, after a while, 
companies will be unable to sell, and their profitability will 
decrease. As a result of globalization, international trade has 
improved considerably and competition in all sectors has 
increased. Because of this increasing competition, the risk of 
losing the customers of the companies increased. In sum-
mary, this situation reduces the continuity of companies to 
sell their products to customers. Due to these issues, it is 
imperative that companies continuously develop new prod-
ucts. Otherwise, in this competitive environment in the mar-
ket, companies have no chance of survival. Therefore, most 
companies attach serious importance to the new product 
development process. Jugend et al. (2020) focused on the 
eco-design practices and tools for new product development. 
They claimed that even profitable companies are constantly 
striving to develop new products. Although they are the 
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market leaders, they are developing new products in order 
not to lose this power. Moreover, companies with a low mar-
ket share should pay extra attention to this situation. The 
most basic instrument of this is that these companies must 
introduce new products to the market to increase their 
competitiveness.

It is possible that this new product to be developed can be 
offered to the market in different types. It may be a product 
that has never been on the market before. For this purpose, 
companies should give importance to research and develop-
ment. Companies that allocate more budgets to this issue are 
more likely to be successful in this process. The most impor-
tant advantage of introducing a non-existent product is that it 
will significantly increase the company’s market share when 
preferred by customers. Yu et al. (2020) tried to evaluate the 
innovation performance of new products in China’s high-
technology industry. They discussed that the company can 
also offer the product to the current market. In other words, 
this product is not a new product for the company, but a new 
product for the market. It is possible to mention both advan-
tages and disadvantages of this type of product. In case of 
positive demand from the market for this developed product, 
it will be easier for the company to increase its competitive-
ness in the market. On the other hand, the company can pro-
duce this product for the first time, which already exists in 
the market. In this type of product, the company develops a 
product used by customers for the first time. Because cus-
tomers have already tested this product, there is a risk that 
the company will not satisfy customers.

It is possible that the existing product in the market cannot 
respond to changing customer requests and needs over time. 
In this case, companies should make some changes in product 
properties. For this purpose, some changes can be made in the 
quality or packaging of the product. In this way, the company 
has developed a new product. In other words, the company 
has already made an existing product and made some changes 
to make it a new product. In this way, it aims to increase the 
market share by attracting the attention of customers. Frizziero 
et al. (2020) defined that factors such as rapid changes in 
technology, the dynamics of the market and the constant 
change in demand have made it essential for companies to 
develop new products. In other words, new product develop-
ment efforts have become the most important power for the 
companies that want to maintain and grow their market 
shares. However, new product development process is costly, 
risky, and difficult for companies. Nevertheless, companies 
are committed to new product development in order to sur-
vive in this difficult environment.

One of the reasons why companies develop new products 
is their market strategies. Companies have started to offer 
different products in order to meet the expectations of the 
customers. When companies offer many different products to 
their customers, it can be easier to win them. The main rea-
son for this is that customers may be reluctant to go to differ-
ent companies to meet their different demands. In summary, 

companies that develop new products can expand the range 
of products they offer to their customers, which in turn con-
tributes to customer satisfaction. Pereira et al. (2020) claimed 
that every company wants to get better than the current situ-
ation, so they take action to have a better market share, to 
make more sales and to increase their profitability. The most 
important factor that will enable the company to grow is the 
adherence of new products to the market. In this framework, 
the critical point is that not every product can contribute to 
the growth of the company. Therefore, the continuity of the 
company’s success in the market is important. Hence, the 
planning of the newly developed product must be carried out 
carefully.

The most effective factor in the new product development 
process is to gain competitive advantage. If a business wants 
to hold and exist in a competitive market, it must reach an 
advantageous position in competition. One of the easiest ways 
to do this is to develop new products that meet customers’ 
demands. The company, whose products are preferred by cus-
tomers, has a significant advantage over its competitors. 
Another important issue in this process is that the company 
follows the current developments in the market. In this way, 
the firm will be able to determine its strategies in line with cur-
rent developments and develop new products. Technological 
developments are another important issue in this process. 
Companies should primarily follow current developments in 
technology. Wang and Chen (2020) identified that the prod-
ucts of the companies that are behind the technology are not 
preferred by the customers. This situation leads the customers 
to turn to the products of competing companies and the com-
pany to lose customers. Another important point is that the 
company is technologically sufficient. Within this framework, 
it is important that companies allocate budget for research and 
development. Owing to effective research and development 
activities, companies will be able to develop themselves tech-
nologically. In this process, the perspective of the top manage-
ment of the company and the employment of competent 
personnel play an important role.

The new product development process starts with the 
emergence of an idea in line with customer and market needs. 
Within this context, it is necessary to identify among the 
many ideas that will contribute to the company’s goals. In 
line with this aim, it is important at first to collect different 
ideas from different segments. In order to reach effective 
ideas, opinions from all sources should be provided. Within 
this framework, the company should primarily consult the 
opinions of its employees. O’Brien (2020) determined that 
idea development departments can be established within the 
company. On the other hand, external resources, such as cus-
tomers, suppliers, and universities, can also be beneficial to 
the company in this process. The next step after the provision 
of ideas is the selection of the more important ones. In this 
context, ideas that are not in line with the company’s objec-
tives need to be eliminated. Ross (2020) discussed that the 
most important issue in this process is the extent to which the 
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ideas are compatible with the strategies of the company. 
Therefore, even if an idea is important, it should not be con-
sidered if it does not parallel the company’s strategies. On 
the other hand, the cost-benefit analysis of ideas is another 
important issue in this process. If the new product to be 
developed does not increase the profit margin of the com-
pany, it should be eliminated in this process.

After that, the company should determine its strategies for 
this new product. In other words, things like what the com-
pany intend, and which customers aim to reach should be 
clarified in this process. Ravi and Ranganathan (2020) stated 
that it is important to determine the sales volume and price of 
the product. Economic analysis of the product should then be 
carried out. In this context, the possible contribution of this 
product to the profitability of the enterprise should be ana-
lyzed. For this purpose, all cost-effective aspects of this 
product must be considered. At the final stage of this process, 
this new product should be tested and put on the market. In 
the testing phase of the new product, it is basically tried to 
determine whether the sales of the product will meet the 
expectations. In other words, it is aimed to understand the 
possible success of the product in the market. Stark (2020) 
discussed that at the stage of its introduction to the market, it 
should be determined when and to whom this new product 
will be introduced. On the other hand, all the details of the 
advertisements to be made in this process should be 
determined.

The Concept of Industrial Decarbonization

Carbon emissions are known to have serious damages and 
threats. Due to the release of this gas into the atmosphere, 
global warming is experienced on the world. Therefore, many 
living beings are at risk of losing their lives. In addition, many 
sectors such as agriculture are adversely affected by factors 
such as drought caused by global warming. This problem will 
affect the countries negatively in economic terms as well. 
Therefore, many meetings are organized around the world 
that tries to emphasize the importance of the problem of car-
bon dioxide emissions. Zheng et al. (2020) tried to examine 
the carbon dioxide emission reduction potential in China’s 
leading markets. They underlined that one of the most impor-
tant factors causing carbon dioxide emissions is industrial 
companies. The development of industry is vital for the eco-
nomic development of the country. The main reason for this is 
the growth of the economy with the developing industry and 
new business opportunities for people. In this way, the indus-
trial sector is considered as a source of prosperity. Wen and 
Wang (2020) identified that most industrial companies emit 
gases harmful to the environment.

Because of these problems, the ways of carbon dioxide 
release are sought. The most prominent factor in this regard 
is renewable energies. Renewable energies are energy alter-
natives such as solar, wind and geothermal which take their 
resources from nature. As can be understood from this 

definition, fossil fuels are not used in renewable energies. 
Because of this, it is possible to say that renewable energies 
are more environmentally friendly. Qiao et al. (2020) aimed 
to forecast carbon emission problems in the future. They also 
highlighted the significance of the renewable energy alterna-
tives for this purpose. They also stated that the problem of 
these investments is having high costs. A substantial amount 
of funds may be required to install a solar panel or wind 
power plant. Therefore, investors may not be willing to use 
renewable energy instead of fossil fuels. Therefore, countries 
are expected to provide significant support to the use of 
renewable energy. Chi et al. (2020) and Skytt et al. (2020) 
also discussed that renewable energy investors may be 
exempt from certain taxes to reduce the mentioned costs. In 
addition, the state can provide these investors with funds for 
their solar panels and wind power plants. This will contribute 
to the direction of investors in this area. By using low-carbon 
energy sources in the industry, it will be possible to reduce 
the emission of carbon dioxide.

Vulin et al. (2020) and Conci et al. (2019) also concluded 
that carbon dioxide capture and storage technology can also 
contribute to industrial decarbonization. In its simplest defi-
nition, it means the capture of carbon dioxide gas from 
industrial production before it is released into the atmo-
sphere. As can be seen from this definition, significant tech-
nological investment is required in this regard. By preventing 
the release of the resulting carbon dioxide into the atmo-
sphere, damage to the environment can be eliminated. 
Governments have serious duties in this process. With the 
new regulations to be made, industrial decarbonization appli-
cations can be made compulsory for companies.

Review of Current Studies

In the literature, the subject of decarbonization was mainly 
discussed by different academicians. Some studies focused 
on the relationship between climate change and decarbon-
ization. Bernstein and Hoffmann (2018) focused on differ-
ent country groups and identified that decarbonization 
implementations play a significant role to reduce global 
warming problem. In other words, it is argued that when 
there are some works to improve industrial decarboniza-
tion, the climate of the country will be affected positively 
from this situation. In addition to these studies, some 
researchers also indicated that renewable energy should be 
used to minimize carbon emission problem. Arabzadeh 
et al. (2020) and Verbruggen and Yurchenko (2019) deter-
mined that renewable energy usage plays the most critical 
role to achieve industrial decarbonization. On the other 
side, Dejuán et al. (2017) and Faria et al. (2019) explained 
the positive economic and environmental impacts of indus-
trial decarbonization.

In addition to the industrial decarbonization, the concept 
of new product development is also popular in the literature. 
Generally, the stages of this process are included in the 
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studies conducted on the generation of the new products. 
Schemmann et al. (2016) defined that the most important 
step of this issue is to gather ideas on the subject. On the 
other hand, Roper et al. (2016) conducted a research on man-
ufacturing companies in Ireland and emphasized the impor-
tance of the same issue. Schoenherr and Wagner (2016) 
stated that it is necessary to collect ideas from different seg-
ments in the process of developing new products. To this 
end, they argued that the ideas of customers, suppliers and 
employees could be considered.

Technological competence of companies is also important 
in the process of developing new products and services. A 
technologically self-investing company can develop new 
products more effectively (Lawson et al., 2015; Rubera et al., 
2016). Therefore, companies should have necessary techno-
logic capacity for this purpose. Accordingly, Bouncken et al. 
(2018) stated that companies should improve their technologi-
cal capacity to become successful in new product develop-
ment process. Also, Mu et al. (2017) concluded that there 
should be effective communication in the company for this 
issue. Customer expectations should also be considered in the 
process of developing new products. As a result, customers 
will use these new products. Accordingly, what customers 
want is vital. Therefore, customer expectations should be 
determined in detail (Leenders & Dolfsma, 2016). In this way, 
customers will be able to be more satisfied. This will increase 
the performance of new products and services developed. La 
Rocca et al. (2016) stated that the most important factor for the 
success of developing new products is the customer.

It is also important to test the developed product before it is 
put on the market and to determine effective marketing strate-
gies. Fuller (2016) and Lei and Moon (2015) have argued that 
testing the effectiveness of the product is the most important 
step. In addition, Gonzalez-Zapatero et al. (2016) and Mu 
(2015) stated that marketing strategies should be effective. 
Likewise, Zahay et al. (2018) concluded that the newly devel-
oped product should be successfully transferred to consumers. 
There are also several studies on carbon dioxide emissions. In 
general, studies have addressed the problems posed by this 
issue (Sovacool et al., 2018). Environmental damage due to 
carbon emissions is the leading issue. This is also likely to 
cause financial difficulties (Barrett et al., 2018). The main rea-
son for this is that investors will not want to invest in environ-
mentally damaging areas. In addition, financial institutions 
will be reluctant to lend to these areas. Hence, governments 
should implement emission reduction policies to solve this 
problem (Gerres et al., 2019; Kronsell et al., 2019).

On the other hand, in some studies, decarbonization activ-
ities on different sectors have been discussed. Griffin and 
Hammond (2019) conducted a similar study for the iron 
industry. Fortes et al. (2019) examined the activities in the 
silver sector. The effect of decarbonization activities on the 
economic development of the countries was also studied. 
Gowreesunker et al. (2018), Fais et al. (2016) and Maroto-
Valer (2019) stated that decarbonization activities should be 

taken into consideration to achieve economic development. 
In addition, the issue of industrial decarbonization has been 
addressed by different researchers in the literature. Renner 
and Giampietro (2020) conducted an analysis of the European 
electricity market. In this study, it is stated that decarburiza-
tion is necessary in industry. Within this framework, it is 
stated that it is important for companies to make the neces-
sary technological investments. Tozer (2020) emphasized 
this result for urban buildings. On the other hand, Sparkman 
and Attari (2020) conducted an analysis on climate change. 
In this study, parallel results are underlined.

The literature review shows that the generation of new 
products for decarbonization in industry is important both in 
environmental and economic terms. Therefore, new studies 
will be of serious benefit. There are mainly two important 
issues in new product generation process which product side 
and process side. Product side mainly gives information about 
what the company is producing whereas process side explains 
how it is produced. Additionally, regarding product side, dif-
ferent development tools can be considered, such as quality 
testing methods. On the other side, the process side focuses 
on the harmony of the stages in this process with each other.

Most of the studies focused on the product side of new 
product generation process. In this framework, they mainly 
defined the important steps in this process. However, for the 
newly developed product to be successful, attention should 
be paid to every stage of this process. Hence, this study aims 
to calculate the importance levels of these steps to generate 
new products or services more effectively. Thus, it is thought 
that this study makes both the managerial and theoretical 
contributions to the literature.

In the literature, it can be understood that survey and 
regression approaches were mainly preferred. Hence, it is 
believed that new approaches should be implemented in 
these studies to make a comparative analysis. In this study, 
this issue will also be analyzed by IT2 fuzzy DEMATEL 
method. Another important point learnt from the literature 
review is that industrial decarbonization is a broad concept. 
Because it is an essential topic for both environment and eco-
nomic development, more specific studies should be con-
ducted to minimize carbon emission problem. To satisfy this 
situation, this study focuses on the important points to gener-
ate new products in industrial decarbonization.

Methodology

In this section, firstly, detailed information is given regarding 
IT2 fuzzy sets and DEMATEL. After that, the novelties of 
the proposed model are also discussed.

IT2 Fuzzy Sets

The type 2 fuzzy set is defined as A . Additionally, this set 
can be explained by a type-2 membership function µ A x u,( ) , 
where x X∈  and u Jx∈ ⊆ [ ]0 1, . Equation (1) identifies the 
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details of this situation (Hong & Buay, 2020; Huang et al., 
2018).
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reference values of the IT2 fuzzy set Ai . On the other hand, 
H Aj i

U( )  indicates the membership value of the element 

ai j
U

+( )1 . Within this framework, j can be between 1 and 2. 

Also, arithmetic operations of these sets are given in the 
appendix part.

Dematel. The DEMATEL approach is used to determine 
which of the different criteria that are effective on an issue 

are more important (Fontela & Gabus, 1976; Gabus & Fon-
tela, 1973). In addition, by using this method, the impact 
relationship map between the criteria can be created (Jayant, 
2020; Sağnak, 2020). Thus, it is possible to determine the 
causality relationship between the factors. This point is 
accepted as the most important advantage of DEMATEL 
method compared to other approaches. In the first stage of 
this method, the evaluations of the experts on the criteria are 
provided. These evaluations are then converted into fuzzy 
numbers. In the second stage, the initial direct-relation fuzzy 
matrix ( Z ) is created. In this framework, average values of 
expert opinions are taken into consideration. In the third 
stage, normalized matrix ( X )  is generated. Fourthly, the 
total influence fuzzy matrix ( T ) is created. In the next step, 
the defuzzified total influence matrix is implemented.

In this context, α  and β  represent the maximum mem-
bership degrees of the lower membership function. 
Additionally, uU  and lU  state the largest and least possible 
values of the upper membership function. On the other side, 
mU1  and m U2  give information about the second and third 
parameters of the upper membership function. Furthermore, 
uL  and lL  explain the largest and least possible values of 
the lower membership function. Finally, m L1  and m L2  indi-
cate the second and third parameters of the lower member-
ship function. After the defuzzification process, the weights 
of the criteria are computed. Within this framework, Di

def  
and Ri

def  show the sum of all vector rows and columns. 
 D Ri i

def
+( )  value is used to find the significance values of 

the criteria. On the other hand,  D Ri i

def
−( )  value can be 

considered to find the causal relationship among the fac-
tors. When this value is positive, it gives an information 
that criterion i influences other ones. However, the negative 
value shows that the criterion is influenced by other 
criteria.

The Details of the Proposed Model

In this study, it is aimed to identify the significant stages of 
new product development process regarding the industrial 
decarbonization of sustainable economies. The details of the 
analysis process are illustrated on Figure 2.

Figure 2 indicates that in the analysis process, there are 
two different stages. The details of the proposed model are 
explained below.

Stage 1: The problem of the study is identified.
Step 1: The problem of new product development process 
for the industrial decarbonization is defined. For this pur-
pose, it is aimed to define significant stages while devel-
oping new products for industrial decarbonization.
Step 2: Defining the criteria and sub-criteria. Within this 
framework, 5 criteria and 10 sub-criteria are determined 
based on a comprehensive literature evaluation. The 
details of these factors are presented in the following 
section.

Figure 1. The membership function of the IT2 fuzzy set.
Source. Lee and Chen (2008).
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Step 3: Appointment of the experts. In this context, an 
expert team is created which includes five different peo-
ple who have sufficient background regarding, renewable 
energies, new service development, cost management and 
industrial decarbonization.
Step 4: Linguistic evaluations are collected. For this pur-
pose, nine different scales are considered (Chen et al., 
2013). The details of these scales are given on Table A1.
Step 5: Evaluations are converted into IT2 fuzzy num-
bers. By considering the details shown in Table A1, the 
evaluations of the experts are converted into the trapezoi-
dal fuzzy numbers.
Step 6: Average values of the decision-makers are 
calculated.
Stage 2: The weights of the criteria and sub-criteria are 
calculated.
Step 7: Direct relation matrix is constructed.
Step 8: The normalized matrix is generated.
Step 9: Total relation matrix is created.
Step 10: Defuzzified values of the matrix are calculated.
Step 11: Total values of the rows and columns are 
computed.

Step 12: The weights of the factors are identified.

This proposed model has some novelties. Firstly, an analysis 
is performed by using IT2 fuzzy DEMATEL to define the 
more important factors. There are different MCDM 
approaches in the literature to calculate the weights of the 
criteria, such as analytic hierarchy process (AHP) and ana-
lytic network process (ANP) (Liu et al., 2020; Mistarihi 
et al., 2020; Wang et al., 2020; Yadav & Singh, 2020). 
However, impact relation map can only be created with 
DEMATEL methodology (Farooque et al., 2020; Ocampo & 
Yamagishi, 2020). In other words, the causality analysis 
among the criteria can be made owing to this approach 
(Raval et al., 2021; Zhang, Zhou et al., 2020). In this study, 
five different criteria for new product generation process of 
industrial decarbonization are examined that are idea genera-
tion, evaluation, improvement, finalization, and commercial-
ization. These criteria consist of factors that can affect each 
other. Therefore, it is important to determine which of these 
criteria are affecting/affected. These issues contribute to the 
production of more effective strategies for the solution of the 
problem. In this context, the most suitable MCDM method 

Figure 2. The flowchart of the proposed model.
Source. Authors.
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for the analysis process of these criteria is DEMATEL. 
Another novelty of this proposed model is considering IT2 
fuzzy sets. Decision making processes have become increas-
ingly complex (Dinçer & Yüksel, 2020; Dinçer et al., 2020). 
This situation shows that more detailed approaches are 
needed to solve the problem (Qiu et al., 2020; Zhou et al., 
2020). In this context, MCDM methods have started to be 
taken into consideration in the framework of fuzzy logic, 
especially in recent years. However, with the increasing 
complexity of these processes, more different approaches 
have been taken into consideration. These sets have a posi-
tive contribution to handle the uncertainties in decision-mak-
ing process more effectively (Li et al., 2020; Zhao et al., 
2021; Zhong et al., 2020).

Empirical Analysis

In this section, different stages of the proposed model are 
detailed in the following sub-sections.

Identifying the Criteria

The carbon dioxide emission problem has many disadvan-
tages for countries. These issues have serious damages both 
in terms of health, environment, and economy. Therefore, 
this problem should be minimized. Decarbonization process 
is a concept developed for this purpose. In this framework, it 
is important that industrial companies use products that pre-
vent carbon emission. However, the challenge is how to 
develop this product. The main reason for this is that it is 
both difficult and complex to develop such a product. Thus, 
for industrial companies to develop an effective new product 
for this purpose, processes need to be analyzed in detail. 
Hence, it can be possible to follow a more effective path in 
this difficult and complex process. By identifying the differ-
ent steps identified in the new product development process 
for decarbonization, it will be possible to see which process 
needs more focus. The details of new product development 
process of industrial decarbonization based on the literature 
review are given on Table 1.

Table 1 indicates that the new product development pro-
cess for industrial decarbonization is divided into five differ-
ent criteria. Additionally, all these criteria include two 
different sub-criteria. The first criterion is generating new 
ideas for decarbonization thoughts. Within this framework, 
the idea can be obtained from both internal and external 
sources. The second criterion is evaluation which includes 
monitoring the new service outcomes with the efficient ideas 
of industrial decarbonization. For this purpose, company 
potential and market conditions are taken into consideration. 
After the evaluation, some improvement will be made in the 
third criterion. Within this context, innovation of industrial 
decarbonization is reshaped with the potential modifications 
by considering both internal and external feedbacks. In the 
fourth criterion of this process, the final version of service 
development activities is tested. In this scope, there can be 
prototype testing and final version checking. The last crite-
rion is related to the commercialization of the product. In this 
context, there should be cost evaluation and outcomes of the 
improving activities should be examined.

Weighting the Criteria

In the next stage, five different decision makers (DMs) made 
evaluations regarding the criteria and sub-criteria for new 
product generation process of industrial decarbonization. 
The details of these people are given on Table 2.

While considering the details in Table 2, the experts have 
enough qualification to evaluate the stages in the new prod-
uct generation process of industrial decarbonization. After 
that, these evaluations are converted to the IT2 fuzzy num-
bers which are detailed in Table A1. Additionally, the details 
of the evaluations of DMs are demonstrated on Table A2.

In the next step, initial direct relation matrix is created, 
and this matrix is normalized. These two different matrixes 
are detailed on the appendix part (Tables A3-A4). In addi-
tion, total influence matrix is created in the following step. 
This matrix is illustrated on Table A5. In the final step, 
defuzzification process has been implemented and the sum 
of all vector rows and columns are calculated. The details are 

Table 1. Criteria and Sub-Criteria for New Product Generation Process of Industrial Decarbonization in Sustainable Economies.

Criteria Sub-criteria Supported Literature

Criterion 1—Idea Generation (P1) Internal idea (C1) Schemmann et al. (2016)
External idea (C2) Roper et al. (2016)

Criterion 2— Evaluation (P2) Company profile (C3) Lawson et al. (2015)
Market conditions (C4) Rubera et al. (2016)

Criterion 3— Improvement (P3) Internal feedback (C5) Mu et al. (2017)
External feedback (C6) Bouncken et al. (2018)

Criterion 4— Finalization (P4) Prototype testing (C7) Fuller (2016)
Final version checking (C8) Lei and Moon (2015)

Criterion 5—Commercialization (P5) Cost analysis (C9) Gonzalez-Zapatero et al. (2016)
Performance analysis (C10) Zahay et al. (2018)

Source. Authors.
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demonstrated on Table A6. Finally, the weights of the criteria 
and sub-criteria are calculated. The results are identified in 
Table 3.

Table 3 indicates that commercialization (P5) is the most 
significant criterion of new product generation process of 
industrial decarbonization. Additionally, improvement (P3) 
is another important criterion for this process. On the other 
side, with respect to the sub-criteria, cost analysis (C9) has 
the highest importance. It is also found that performance 
analysis (C10) plays a key role in this regard. Nonetheless, 
internal idea (C1), external idea (C2) and market conditions 
(C4) has lowest weights in comparison with others.

Discussions and Conclusions

In this study, it is aimed to identify important stages of new 
product development process for the industrial decarboniza-
tion of sustainable economies. In this context, the process of 
developing new products is divided into five different crite-
ria. Furthermore, 10 sub-criteria are also defined for these 
new product development stages. The significance weights 
of these stages are calculated by IT2 fuzzy DEMATEL 
method. It is concluded that commercialization is the most 
significant stage of new product generation process of 

industrial decarbonization. Moreover, improvement is also 
found as a critical new product development criterion for 
industrial decarbonization. As for the sub-criteria, it is con-
cluded that cost analysis, which is the sub-criteria of the 
commercialization, is the most essential factor in this respect. 
It is also determined that performance analysis has a key role 
in this regard. On the other side, internal idea, external idea, 
and market conditions have lowest weights by comparing 
with other factors.

The results show that companies should mainly focus on 
commercialization to generate products to reduce carbon 
emission. Similarly, the subtitle of commercialization, cost 
analysis, plays the most significant role in this regard. In 
other words, for these companies to be successful in the com-
mercialization of the products, a comprehensive cost analy-
sis should be made. However, there are some factors that 
limit the effective management of costs during the develop-
ment of these products. For a successful cost management, 
the costs of the developed product should be budgeted. 
Within this context, all costs to be encountered in the product 
development process should be considered. However, due to 
the uncertainty in the market, it is not easy to accurately pre-
dict all costs that will occur in this process. In this regard, 
one of the most important uncertainties is that it is not clear 
how the developed product will be met in the market. It is 
also unclear how the new technology developed will be per-
ceived by customers. In some cases, customers may prefer 
not to use technology because they are worried about tech-
nology that they do not fully understand. This situation will 
increase the costs in the newly developed product process. 
Therefore, it would be appropriate to consider these risks in 
the cost analysis to be made. Otherwise, the product that 
does not provide a cost advantage will not be preferred by 
industrial companies.

This situation was highlighted by many different research-
ers in the literature. Parra et al. (2019) tried to evaluate the 
ways to minimize carbon emission problems. For this pur-
pose, they focused on the hydrogen energy systems. 
However, they mainly highlighted the high-cost problem of 

Table 2. The Details of DMs.

DM Number Education status Experience Occupation Areas of expertise

DM1 PhD 29 years Academician in industrial 
decarbonization

Renewable energies, cost management, 
industrial decarbonization

DM2 PhD 26 years Academician and top-level manager in 
wind energy companies

Renewable energies, strategy development, 
TRIZ

DM3 PhD 24 years Academician and top-level manager in 
solar energy companies

Renewable energies, new product 
development, cost management

DM4 PhD 19 years Academician in industrial 
decarbonization

Renewable energies, strategy development, 
industrial decarbonization

DM5 PhD 17 years Academician and middle level manager 
in solar energy companies

Renewable energies, cost management

Source. Authors.

Table 3. The Weights for the Criteria and Sub-criteria.

Criteria Criteria weights Sub-criteria Sub-criteria weights

P1 0.185 C1 0.095
C2 0.090

P2 0.197 C3 0.102
C4 0.095

P3 0.201 C5 0.099
C6 0.102

P4 0.196 C7 0.098
C8 0.098

P5 0.221 C9 0.113
C10 0.108

Source. Authors.
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this situation. Similarly, Bataille et al. (2018) also examined 
the new products for industrial decarbonization. They mainly 
discussed that technological development provides an oppor-
tunity to decrease the costs of these products. Hence, due to 
this financial advantage, these products can be preferred by 
the companies so that it can be more possible to minimize 
carbon emission problem. Ziegler et al. (2019) stated that 
renewable energy alternatives should be prioritized to reduce 
carbon emissions. They also identified that these energy 
alternatives have high initial costs. Because of this problem, 
they cannot be considered by the companies.

Nonetheless, in the literature, there are also some studies 
which point different factors for the success of the new prod-
uct development for industrial decarbonization. These stud-
ies did not disagree with the importance of the costs, but they 
also underlined the significance of some other factors as 
well. For instance, Åhman and Nilsson (2015) aimed to 
examine the decarbonizing industry in the European coun-
tries. They reached a conclusion that market conditions 
should be mainly considered while generating new products 
for this purpose. Like this study, Li et al. (2020) focused on 
the innovation strategies for renewable energy alternatives. 
While using hybrid interval type-2 fuzzy decision-making 
approach, they determined that new products should be 

generating by evaluating the market conditions. On the other 
side, Jakobsen and Clausen (2016) focused on the direct and 
indirect effects of generating new products that reduce car-
bon emission. They identified that because it is a complex 
situation, companies should consider feedbacks from both 
employees and the customers.

The most important limitation of this study is to focus on 
only five stages of the product to be developed to prevent 
carbon emission. In the following studies, seven different 
stages of the new product development process can be taken 
into consideration which are design planning, development, 
testing, verification, validation, manufacturing, and improve-
ment (Thompson et al., 2018). New studies may focus on 
strategies to reduce carbon emissions. In this context, an 
assessment can be made on the new technology available on 
the market to prevent the carbon emission problem. In addi-
tion, the impact of carbon emissions on financial and eco-
nomic development in countries can be examined. On the 
other hand, different methods can be used to ensure original-
ity in the studies. Another important limitation of this study 
is that there is no industrial implication. Instead of this situa-
tion, important factors are only presented. However, in the 
following studies, different case studies can be conducted to 
examine the significance of this situation in the market.
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A2: Equations of DEMATEL
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Table A1. Linguistic Scales and IT2 Trapezoidal Fuzzy Numbers.

Linguistic scales IT2TrFNs

Absolutely Low (AL) ((0.0,0.0,0.0,0.0;1.0), 
(0.0,0.0,0.0,0.0;1.0))

Very Low (VL) ((0.0075, 0.0075, 0.015, 0.0525;0.8), 
(0.0,0.0,0.02,0.07;1.0))

Low (L) ((0.0875, 0.12, 0.16, 0.1825;0.8), 
(0.04,0.10,0.18,0.23;1.0))

Medium Low (ML) ((0.2325, 0.255, 0.325, 0.3575;0.8), 
(0.17,0.22,0.36,0.42;1.0))

Medium (M) ((0.4025, 0.4525, 0.5375, 0.5675;0.8), 
(0.32,0.41,0.58,0.65;1.0))

Medium High (MH) ((0.65, 0.6725, 0.7575, 0.79;0.8), 
(0.58,0.63,0.80,0.86;1.0))

High (H) ((0.7825, 0.815, 0.885, 0.9075;0.8), 
(0.72,0.78,0.92,0.97;1.0))

Very High (VH) ((0.9475, 0.985, 0.9925, 0.9925;0.8), 
(0.93,0.98,1.0,1.0;1.0))

Absolutely High (AH) ((1.0, 1.0, 1.0, 1.0; 1.0),  
(1.0, 1.0, 1.0, 1.0; 1.0))

Source: Chen et al. (2013).
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Table A2. Linguistic Evaluations by the Decision Makers.

Criteria

C1 C2

DM1 DM2 DM3 DM4 DM5 DM1 DM2 DM3 DM4 DM5

C1 — — — — — MH ML M ML M
C2 M MH ML M MH — — — — —
C3 ML M MH M MH H ML M MH H
C4 M ML M ML M MH ML M MH MH
C5 ML M MH M MH M ML M ML M
C6 M MH MH M VH H ML M ML M
C7 MH MH M ML M M ML M M MH
C8 M ML M M MH M M ML M MH
C9 VH VH AH VH AH VH H VH VH H
C10 VH AH M MH MH VH MH H MH VH

Criteria

C3 C4

DM1 DM2 DM3 DM4 DM5 DM1 DM2 DM3 DM4 DM5

C1 M ML M M MH H M ML M M
C2 MH M ML M M M M ML M M
C3 — — — — — M ML M M VH
C4 ML M M M M — — — — —
C5 ML M MH H MH M H M M VH
C6 H ML M VH VH ML M M VH MH
C7 ML M H ML M M ML M ML M

MH VH H ML M ML M M ML M
C9 H VH AH VH AH VH H VH AH VH
C10 H AH VH VH H H MH H VH AH

Criteria

C5 C6

DM1 DM2 DM3 DM4 DM5 DM1 DM2 DM3 DM4 DM5

C1 VH M ML M VH ML M MH MH MH
C2 M ML M M M ML M MH MH H
C3 ML M VH M M VH MH H ML M
C4 ML M M VH M VH ML M MH H
C5 — — — — — ML M H H VH
C6 ML M ML M MH — — — — —
C7 H ML M H ML M ML M VH H
C8 H ML ML M ML M H ML M H
C9 VH AH VH H VH VH H VH VH VH
C10 VH H H H MH VH MH MH H H

Criteria

C7 C8

DM1 DM2 DM3 DM4 DM5 DM1 DM2 DM3 DM4 DM5

C1 ML M ML M MH ML M H MH H
C2 MH ML M ML M MH M ML M MH
C3 VH VH MH ML M VH MH ML M H
C4 VH ML M MH MH ML M MH MH VH
C5 ML M MH VH VH MH ML M MH VH
C6 ML M MH VH MH ML M VH ML M
C7 — — — — — MH ML M MH H
C8 ML M VH MH MH — — — — —
C9 H H VH VH AH VH AH VH VH H
C10 VH H MH H MH MH MH MH VH VH

Criteria

C9 C10

DM1 DM2 DM3 DM4 DM5 DM1 DM2 DM3 DM4 DM5

C1 MH M MH ML M ML M M ML M
C2 M ML ML M M ML M M ML M
C3 M M M M M VH M M ML M
C4 MH ML ML M M H ML M M M
C5 ML M MH M M MH M MH M M
C6 ML ML M M MH M ML MH M M
C7 M M ML M MH M M M M M
C8 ML ML M ML M M ML M MH MH
C9 — — — — — M MH MH MH VH
C10 M M M M MH — — — — —

Source. Authors.
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