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success of a new product were selected, with a division into general and typical elements of the 17 
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Research limitations/implications: The prioritization of CFSs will allow in the next step the 19 
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Practical implications: Most chemical products are designed using trial-and-error techniques 22 

based on experimentation, making NPD in the chemical industry more iterative. This often 23 

involves generating a huge number of chemical components, and this means that the search area 24 

can be very large. It is therefore reasonable to look for decision support tools to facilitate the 25 

selection of necessary components. The selection of chemical product ideas should be based 26 
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1. Introduction 1 

Increasing customer demands related to the quality of services and products offered,  2 

and the consequent difficulty of maintaining a good market position, affect the need for 3 

businesses to continuously improve. This involves the necessity to monitor and analyze 4 

processes on an ongoing basis, as well as to react quickly, for example, by introducing a new 5 

type of product. Developing new products is one of the key factors for progress and competitive 6 

advantage in any country. Companies around the world are facing changes in both production 7 

technology and service organization. The product life cycle has never been as short as it is now, 8 

so developing a new commodity is one of the most important business tasks (Silineviča et al., 9 

2016). From a macroeconomic perspective, new products are important for generating 10 

employment and economic growth, technological advances and generally higher standards of 11 

living (Bhuiyan, 2011). From a company’s perspective, new product development is essential 12 

to remain competitive, survive and prosper (Guimaraes et al., 2019). 13 

Product development is the process by which an organization transforms market and 14 

technical opportunities into valuable information for commercial production (Clark et al., 15 

1991). Unlike business processes that have clear characteristics and are designed to produce 16 

predictable results, product development aims to create something new. It requires creativity, 17 

innovation, and is non-linear and iterative (Kline, 1985; Browning et al., 2006). 18 

The process of bringing new products to market is a key area of research and business 19 

practice. First, while earlier literature research on new product development focused mainly on 20 

durable goods (Barczak, 2012), the global economy has shifted from being commodity-based 21 

to more service-oriented (Eichengreen, Gupta, 2013). Second, it is now common practice for 22 

companies to offer customers multiple options for accessing a product in order to meet different 23 

customer needs and maximize market potential (Shi et al., 2016). 24 

The ability to manufacture a product from design through production does not always 25 

guarantee sales. In the age of the Internet, globalization and unlimited access to information,  26 

it is not only customers who define their needs, it is also designers who create new ideas in the 27 

mind of the customer. Hence, for example, the concept of design management plays  28 

an important role in the process of new product development (Dziadkiewicz, 2013). In addition, 29 

developing innovative products requires openness and flexibility, the ability to manipulate 30 

different perspectives, and control the direction to ensure that new information is effectively 31 

integrated and implemented to generate product solutions (Chiang, Hung, 2014). Accordingly, 32 

one of the indispensable processes of new product development is modeling. It is an activity 33 

that must be performed to create one or more process models for a specific purpose, e.g., design, 34 

specification, analysis or control of a particular process (Vernadat, 1996). Developing a new 35 

product each time requires the selection of an appropriate model (Aguilar-Savén, 2004). 36 
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2. Literature review 1 

The beginning of literature reports on the issue of new product development (NPD) dates 2 

back to the 1960s (De Silva, Rupasinghe, 2016). To date, there are many different definitions 3 

of a new product (Cooper, 1999, 2001; Cooper et al, 1997; Ozer, 1999; Tracey, 2004).  4 

One of them, proposed by Cooper, defines it as a specific product that has been on the market 5 

for up to three years, which may be subject to further improvements and/or expansions.  6 

All definitions, however, have one thing in common, i.e., they define a new product as one that 7 

has not previously been produced by a company (Owens, 2009). 8 

A product that is new to the manufacturer is characterized by a changed, improved design, 9 

construction, material composition, the use of a new material, a new technological process or  10 

a new way of serving the customer. A product perceived as new to the consumer is a commodity 11 

that satisfies a new need or better satisfies an existing need (Mruk, Rutkowski, 1999).  12 

A new product is undoubtedly essential to an organization’s business continuity. Businesses are 13 

expected to innovate and develop new products in accordance with ever-changing customer 14 

tastes and needs (Doorasamy, 2017). 15 

A new product offers the organization the greatest opportunity to increase revenue and 16 

profitability (Guimaraes et al., 2019). The main goals of the product development process are 17 

to minimize life-cycle costs, maximize product quality, and maximize customer satisfaction 18 

and flexibility, and minimize lead time (Mazumdar, 2001). The product development process 19 

can be divided into two main processes, i.e. product development and product production 20 

(Kušar et al., 2004). 21 

NPD is a complex process. Its complexity and risks are due to the presence of multiple 22 

phases of the NPD process and its many stakeholders, the complexities of the product under 23 

development, changing consumer demands, increased market globalization, extended supply 24 

chains and design networks (Guimaraes et al., 2019). 25 

Despite extensive research on how to achieve NPD success, products that fail continue to 26 

be developed. Approximately 46% of resources allocated to NPD are spent on products that are 27 

discontinued or do not provide an adequate financial return (Bhuiyan, 2011). 28 

Among the biggest challenges faced by companies in the aspect of new product 29 

development are the pace (time), meeting the requirements of the approved budget,  30 

and determining the best possible project management method (Rawat, Divekar, 2014). 31 

One of the main goals of any development program should be to get the right product or 32 

service to the market or to the customer as quickly as possible. However, this can limit the 33 

chance of a competitor gaining an advantage and thus gaining an early market position  34 

(Owens, 2009; Owens, Atherton, 2018). 35 

  36 
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The cost of development, whether large or small, puts a strain on an organization’s cash 1 

flow (Hultink, Hart, 1998). For example, marketing functions can consume enormous resources 2 

determining which products should be offered in which markets and at what price. Imposed 3 

constraints on the scope of a new product, usually stem from a combination of the company’s 4 

mission or strategy and the attractiveness of the market (Cooper, Kleinschmidt, 2000). 5 

According to a research report published by the Product Development and Management 6 

Association (Pandey et al., 2019), despite the use of new methods and techniques, the success 7 

rate of NPD in marketing organizations in the US remains stagnant (about 58%). To overcome 8 

this stagnation and improve NPD success, marketing and management researchers have 9 

proposed solutions in the form of new practices. For example, some scholars call for greater 10 

emphasis on the design and commercialization of new products (Kaul, Rao, 1995; Srivastava 11 

et al., 2009). Others (Henard, Szymanski, 2001; Pattikawa et al., 2006) focus on the 12 

performance of new products. Change management is also addressed (Pandey, Jaiswal, 2014). 13 

In contrast to marketing researchers, management experts focus on product innovation, product 14 

development decisions, innovation terminology and NPD-related factors (NPD speed and new 15 

product performance) (Pandey et al., 2019). 16 

Rosenfeld et al (2006) define the product development process as “a set of activities in 17 

which it seeks to meet market needs and the capabilities and limitations of the technology (...) 18 

to achieve the design specifications of the product and its manufacturing process (...) includes 19 

post-market follow-up activities”. Several approaches can be identified for these activities, 20 

defined according to the type of company or product. Various models are thus characterized 21 

(Pereira, 2018). New product development is a complex process, involving high risk. However, 22 

the success of carrying out such a process is associated, as research shows, with a systematic 23 

product development process (Cooper, 2008b). 24 

Product development aims to generate functional and productive products. The literature 25 

contains numerous frameworks for the product development process. These models are abstract 26 

descriptions of activities and recommendations that support the product developer. Process 27 

models are usually created in a generic and theoretical form to fit a wide range of possible 28 

development situations. Each model must be tailored to a specific situation (Riesener et al., 2019). 29 

Process models consist of distinct phases and structured workflows defined at the beginning 30 

of product development. The starting point for product development is usually planning.  31 

This is followed by the conceptual phase, during which requirements are specified and ideas 32 

are refined. Determining the basic concept of a product concerns defining its function and 33 

structure. In the design phase, product elements are developed technically and economically. 34 

The final stage of the process is the development phase (Riesener et al., 2019). 35 

Three concepts are inseparable from the product development process, i.e. innovation, 36 

development and novelty. Innovation can be considered a unit of technological change and 37 

invention (if any), which is part of the innovation process (Harborne, Johne, 2003).  38 

The development of a new product does not necessarily include innovation, meaning that new 39 
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products are characterized by the introduction of minor or major changes to existing products 1 

(Noke, Radnor, 2004). Novelty can include works (such as original innovations or products that 2 

are new to the world or to the company), additions, improvements and changes, repositioning 3 

of the product (such as innovative ways to use it in a different market segment or possibly the 4 

use of branding) or simply cost reductions (lower price or improved cost of living) (Owens, 2009). 5 

Numerous examples of research on NPD models can be found in the literature. Based on 6 

the conclusions drawn from these publications, it can be said that it is not possible to create one 7 

definitive NPD model applicable to every situation. For this reason, many authors propose 8 

various classifications of the available models. For example, Saren (1984) in his work proposed 9 

five categories of NPD process models available at the time, grouping them into staged, activity 10 

stage, decision stage, conversion process and response. Other authors, on the other hand, 11 

propose various kinds of modifications, thus creating hybrids based on already known models, 12 

e.g. Noke, Radnor (2004) in their study used the staged (phase) development model from the 13 

1960s as a starting point for comparison with some of the NPD process model ideas that 14 

developed from the late 1980s to the early 2000s. There are many different ways to model the 15 

NPD process, and each way involves its own strengths and weaknesses. 16 

3. General models of NPD 17 

We can find assessments of the implementation of both the new product development 18 

process itself and the application of various types of models as early as the literature of the 19 

1990s (De Silva, Rupasinghe, 2016). Interestingly, most of the analysis is concentrated in the 20 

marketing or management domain, while little attention has been paid to product engineering 21 

(Cooper, 1994; De Silva, Rupasinghe, 2016). 22 

There are three basic approaches in the implementation of deployed products,  23 

i.e., first-generation (functional structure), second-generation (integrated, concurrent process) 24 

or third-generation (model focused on speed, flexibility and customer requirements) processes. 25 

All three generations belong to stage-gate models i.e. processes of transition from idea to 26 

launch, consisting of separate stages, where each stage is preceded by a decision point to move 27 

to the next (go) or end stage (kill) or gate. 28 

The stage-gate model developed by Cooper became fundamental to further developments, 29 

being modifications or extensions of it (Cooper, 1994). Virtually all models developed before 30 

1995 were sequential, which is why they are referred to as “waterfall” in the literature.  31 

Product development is divided in them into a sequence of predefined phases, such as 32 

feasibility, planning, design, build, test, manufacture and support, with some overlap between 33 

each phase or stage. However, this type of work affects the appearance of delays between 34 

business requirements and technology delivery. Changing customer requirements during this 35 
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time, for example, results in final products that often no longer meet current needs (Ottosson, 1 

2019). The latest approach related to the NPD issue is network models (Matusek, 2013).  2 

These models, not only design products, but take into account the needs of the consumer and 3 

make companies far more open to innovation (De Silva, Rupasinghe, 2016). 4 

Table 1 presents the different generations of NPD models. The early generations of stage 5 

processes were largely driven by engineering, which in practice meant that they were based 6 

almost exclusively on physical product design and development. As an integral part of product 7 

development, next-generation systems incorporate the involvement of the marketing and 8 

manufacturing departments, and furthermore treat each stage as an interdisciplinary team effort. 9 

The first generation systems were sequential in nature, only the latest generation models assume 10 

parallel activities, process stages can overlap, which improves flexibility and reduces 11 

unnecessary time lapses between process stages (Cooper, 1994). In addition, third-generation 12 

models allow conditional transitions between stages (fuzzy stage-gate). 13 

Different approaches can be found among the various generations of models described in 14 

the literature; for example, Peters et al. (1999) state that typical models are aimed at 15 

management, design or have been developed for specific industry needs. Modern models,  16 

on the other hand, assume a collaborative attitude (Yang, Yu, 2002). Some of them assume 17 

collaboration using information technology, mainly simulation methods and virtual 18 

prototyping, others, close cooperation between the end user and the inventor. 19 

Table 1. 20 
Review of NPD models in the literature 21 

NPD models Publications 

Stage-gate: Cooper, 1994 

1st-3rd generation 

Cooper, 1983; 1990; 1994 

De Silva, Rupasinghe, 2016 

Bass diffusion model: Bass, 1969 Bass et al., 1994 

Bass, 2004 

Ansari et al., 2010 

Wu et al., 2015 

Peres et al., 2010 

Mahajan, Muller, 1996 

Chung, 2011 

Shi, 2016 

Concurrent process models Hambali, 2009 

Bhuiyan et al., 2006 

Smith, Morrow, 1999 

Nelson et al., 2016 

De Silva, Rupasinghe, 2016 

Total design model: Pugh, 1991 Pugh, Moreley, 1988a, 1988b 

Pugh, 1991 

Owens, 2009 

Design for Manufacture and Assembly (DFMA): 

Boothroyd, 1994 

Matusek, 2013 

Yin, Hou, 2019 

Kishore, Arunkumar, 2020 

Multiple convergent model: Hart, 1995 Hart, Baker, 1994 

Owens, 2009 

Owens, Atherton, 2018 

 22 



Overview and prioritization of critical success factors… 351 

Cont. table 1. 1 
Generic model: Peters, 1999 Peters et al., 1999 

Matusek, 2013 

Product and cycle time excellence model Pittiglio, Rabin, McGrath, 1994 

Owens, 2009 

Supplier integrated model: Handfield, 1999 Handfield et al., 1999 

De Silva, Rupasinghe, 2016 

Next Generation Idea-to-Launch System: The Triple 

A System 

Cooper, 2008a; 2014 

Open innovation model Cooper, 2008a 

Chesbrough, Bogers, 2014 

Bogers et al., 2017 

Zhu, et al., 2019 

Collaborative product development models Nambisan, 2002 

De Silva et al., 2018 

Electronic NPD (E-NPD): Yang and Yu, 2002 Yang, Yu, 2002 

Virtual customer integration Füller et al., 2010 

De Silva, Rupasinghe, 2016 

Hemetsberger, 2007 

Nambisan, 2002 

Virtual New Product Development Team Aubert, Kelsey, 2003 

Martins et al., 2004 

Badrinarayanan et al., 2008 

De Silva, Rupasinghe, 2016 

Source: own elaboration. 2 

4. Overview of NPD research in the chemical sector 3 

A review publication by Kalluri, Kodali (2014) on a review of new product development 4 

research conducted between 1998 and 2009 shows that most of the studies described then could 5 

be assigned to the categories of other, not applicable or general. In turn, the most favored 6 

research sector was the automotive industry (about 15%), while much less attention, only about 7 

1-5%, was given to research in the aerospace, food, machinery, apparel or chemical sectors. 8 

The total number of publications on the chemical sector during this period was only 34 (Kalluri, 9 

Kodali, 2014). The literature analysis also shows that only a few of the publications address 10 

topics related in some way to NPD modeling in the chemical industry. Of which, the topics are 11 

more about systems, tools used in product development, rather than analysis of a specific  12 

NPD model that could be used throughout the process. 13 

In the chemical industry, product development can be technology-driven and demand-14 

driven. The selection of chemical product ideas should be based not only on an analysis of what 15 

is possible to produce, but also on an analysis of what the market would like to buy (Hill, 2009). 16 

From the consumers’ point of view, the properties of the final product are more important than 17 

the chemical composition. To meet consumer expectations, both consumer needs and 18 

technologies must be transformed into new product design and development (Charpentier, 19 

McKenna, 2004). 20 
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Most chemical products are designed using trial-and-error techniques based on 1 

experimentation, making NPD in the chemical industry more iterative. This often involves 2 

generating a huge number of chemical components, and this means that the search area can be 3 

very large. It is therefore reasonable to look for decision support tools to facilitate the selection 4 

of necessary components (Lee, 2017). 5 

In the chemical industry, NPD can be divided into three types. First, new products can be 6 

inspired by new chemical ingredients, information from exhibitions and conferences, market 7 

reports or published articles. Based on such information, product prototypes are created and 8 

then evaluated. The second type of products is created using reverse engineering.  9 

Third, products can also be marketed, and after studying customer needs, marketers redefine 10 

product concepts. One possible tool to support decision-making processes in the above three 11 

types of NPD is case-based reasoning (CBR). It allows searching for similar, previous NPD 12 

cases. Thus, it provides knowledge of problems that have occurred and reduces development 13 

time. One disadvantage of using CBR to solve NPD problems is that CBR lacks the ability to 14 

capture the ambiguity of human expression in product attributes, which are often described in 15 

qualitative terms (Lee, 2017). 16 

It is believed that the subjective evaluation of sensory attributes of chemical products can 17 

also be managed through the Analytic Hierarchy Process (AHP), also known as Saaty’s 18 

eigenvector method. It is a tool for making multi-criteria decisions when both qualitative and 19 

quantitative aspects of a decision need to be considered. It is an effective method for gathering 20 

expert knowledge in solving complex decision-making problems and has become one of the 21 

most widely used approaches for generating concepts and evaluations during NPD.  22 

However, the subjective evaluation, selection and preferences of decision makers affect the 23 

final results. A more accurate description can be obtained using an extension of this method, 24 

the so-called fuzzy analytic hierarchy process (fuzzy-AHP), where evaluation criteria weights 25 

are applied (Lee, 2017). 26 

A method to solve the problem of ingredient composition in chemical product development 27 

was also proposed by Lee (2017). The knowledge-based product development system (KPDS), 28 

is a hybrid of CBR (case-based reasoning) and fuzzy-AHP. In this intelligent system, linguistic 29 

preferences for products are matched with similar comparisons, resulting in increased ease of 30 

formulating desired products. According to the author, compared to the pure CBR approach, 31 

the KPDS is more effective, as a systematic method for determining the relative importance of 32 

product attributes is provided. Moreover, the vagueness of human expression and quantitative 33 

values were also taken into account using fuzzy-AHP. In addition, KPDS is equipped with two 34 

functions to improve the sensitivity of the results (Lee, 2017). Another example of a hybrid 35 

model can be found in an article by Choy et al. (2016). Aimed at supporting sustainable 36 

consumption and production from product development to chemical product manufacturing 37 

processes, the model integrates an operational strategy model with artificial intelligence, 38 
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including CBR and fuzzy logic. The development of chemical products becomes more efficient, 1 

the number of trials and the amount of chemical waste generated are minimized. 2 

The next example proposed by Sapuan concerns a concurrent engineering design system 3 

for polymer-based automotive composites (Sapuan, Abdalla, 1998). The system involves the 4 

integration of various concurrent engineering tools, such as a knowledge-based system (KBS), 5 

solid modeling, material database and design analysis tools. The material selection process is 6 

based on a set of specific criteria and constraints related to the specifications of the desired 7 

material and component design. Material selection must be dictated by meeting all of the set 8 

criteria/constraints. Violation of any of them determines the rejection of that material. 9 

According to the author’s analysis, the selection of a polymer-based composite component 10 

system resulted in weight and cost reductions of 31 and 53%, respectively, compared to a steel 11 

counterpart (Hambali, 2009; Kalluri, Kodali, 2014). 12 

In summary, numerous examples of various types of NPD models can be found in the 13 

literature. However, no model dedicated to the chemical industry was found. The analysis of 14 

the literature allowed only the identification of typical, for this industry, tools. Therefore,  15 

in the following part of the work, the models characterized above were evaluated for 16 

applicability to chemical product development processes. For this purpose, one of the 17 

techniques typical of the industry was used. Based on general and key factors in the NPD 18 

process, it was determined which of the models could best serve as a benchmark. The results 19 

obtained were related to a selected example of NPD in the chemical industry. 20 

5. Key factors determining the success of new product development 21 

There are many factors that affect the performance of a company. However, only a few 22 

enable success, so they are fundamental to the company and are called critical success factors 23 

(CSFs). The process of identifying CSFs is based on the manager’s current point of view.  24 

By aggregating CSFs from an individual’s point of view and identifying existing relationships, 25 

it is possible to discover exactly which areas and activities require attention due to their 26 

criticality (Rocha, Delamaro, 2012). 27 

The AHP method was proposed by Saaty in the early 1970s. It is classified as one of the 28 

best known, safest and most widely used multi-criteria decision analysis. AHP can use both 29 

qualitative and quantitative factors to create a hierarchical structure in the decision-making 30 

process. This can help select the best option based on the selection criteria presented in the 31 

model (Chan et al., 2019). These factors determine which model is more appropriate for the 32 

industry under study. The evaluation criteria are determined with expert support and are also 33 

based on literature research, pertaining to the industry sector under study. 34 
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Thus, first, based on literature data, an attempt was made to identify CSFs specific to the 1 

chemical industry. Only one publication addressing this topic was found in the literature. 2 

Namely, Cooper, Kleinschmidt (1993) analyzed 21 major chemical companies in 4 countries 3 

(the United States, Canada, the United Kingdom and Germany). The data was collected over  4 

a period of two years. The performance of a new product was evaluated on a variety of 5 

measures, including an assessment of profitability, technological success, annual sales revenue 6 

and market share (domestic and international), and the impact of sales and profit on the 7 

company. Based on this data, the authors determined six main factors affecting the success of 8 

new product development. Table 2 shows their characteristics. 9 

Table 2. 10 
CSF characteristics of NPD process in the chemical industry 11 

Critical success 

factors 
Characteristics 

Quality of 

execution of the 

activities that 

make up the 

innovation 

process (Q) 

The quality of chemical project implementation, where key activities include: 

- detailed market research, 

- pilot production, 

- analysis of pre-commercial activities, 

- preliminary market assessment, 

- trial sales, 

- preliminary review 

Early and clear 

definition of the 

project and 

product (P) 

- definition sets clear objectives for the development phase, 

- defining the product and project early in the project and before entering the 

development phase (target market, product concept, benefits to be delivered, 

positioning strategy and product requirements) 

A strong team 

leader with a 

responsible, 

multidisciplinary 

team (L) 

- project leader – timely implementation of a project from idea to launch, successfully 

completed, 

- a cross-functional team drawn from different functions within the company  

(as opposed to each function or department doing its own part of the project) – project 

implementation from start to finish 

Close link 

between sources 

of ideas and 

project results (S) 

- the most effective projects are based on ideas that come from customers or are 

technology-based, where the idea comes from the technology and/or lab (the most 

popular), 

- projects based on concepts are slightly less effective 

- taken from competitors 

Elements related 

to marketing – 

qualitative and 

quantitative (M) 

- the quality of the formal launch including customer service and technical support, 

- the quality of the sales force, 

- product availability (reliability of delivery and sufficient available production), 

- lack of importance of advertising and promotion in industrial, higher technology, large 

products 

International 

orientation (G) 

- global product (designed for the world market), 

- foreign competition, 

- least successful new product strategy – nearest-neighbor approach, i.e., products 

targeting the domestic market and one or more neighboring markets 

Source: elaboration based on Cooper, Kleinschmidt, 1993. 12 

Based on their research, Cooper, Kleinschmidt (1993) noted that the success of a new 13 

product is predictable and largely controllable. It is the project leader and the team who exercise 14 

control over the key variables that determine success. Significantly, the success factors for  15 

a new product are fairly universal. Most of the results of this chemical industry study were 16 

consistent with previous studies of new product success and failure. The author also noted how 17 
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critical product innovation is to business success. With increasing competition at home and 1 

abroad, more and more companies are being forced to treat product development as a major 2 

component of their overall business strategy. 3 

However, the CSFs presented here refers to research conducted almost 30 years ago.  4 

Thus, in the next step, general success factors specific to the new product development process 5 

were identified, based on an analysis of the literature compiled between 2005 and 2022.  6 

Table 3 presents their characteristics. 7 

Table 3. 8 
Characteristics of the critical success factors in NPD process (selected literature examples) 9 

Critical Success Factors Publications 

- high product quality, 

- increased design capabilities, 

- short product development cycle time, 

- market responsiveness, 

- cost management, 

- advanced technology applications, 

- innovation 

De Silva, Rupasinghe, 2016 

- a clearly defined target market, 

- implementation of quality standards, 

- clear project objective, 

- solving problems at an early stage, 

- internal communication within the team, 

- on-time delivery, 

- adequate time for launch, 

- competitive cost of the product 

Sun, Wing, 2005 

- timely completion, 

- cost, 

- quality, 

- customer preferences, 

- technical advantage, 

- strategic alignment, 

- proper execution of projects, 

- coordination between projects, 

- company reputation and ethical conduct, 

- correct definition of project scope, 

- customer relations 

Iamratanakul et al., 2014 

- top management support, 

- the link between new product strategies and business visions, 

- cross-functional teams with flexible and mutual support, 

- timing of new product launches, 

- satisfaction of customer demand, 

- creativity and innovation, 

- cost of production, 

- integration and application of R&D-related equipment and technology, 

- application of database management system, 

- excellent planning and monitoring, 

- complete quality management system, 

- use of management tools 

Yeh et al., 2014 

- shorter time in the development process, 

- lower product manufacturing cost, 

- products with greater customization, more relative benefits and added value, 

- companies with greater internal coordination and external cooperation, 

- product introduction time, 

- competitors with less aggressive responses 

Chi-Jyun, Shiu, 2008 
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Cont. table 3. 1 
- marketing skills, 

- product strategy, 

- technology sources, 

- company skills, 

- project leader skills, 

- functional integration, 

- project team organization, 

- product development performance 

Öztürk, 2018 

- cost and budget management, 

- time and deadline management, 

- product positioning, 

- customer needs fulfillment, 

- organizational alignment, 

- characteristics of the development team, 

- work process (development process), 

- organization and management of the work environment 

Rocha, Delamaro, 2012 

- senior management involvement, 

- early customer engagement, 

- external cooperation beyond customers, 

- alignment between NPD and strategy, 

- appropriate degree of formalization, 

- cross-functional and cross-departmental cooperation, 

- creative organizational culture, 

- project management capabilities 

Florén et al., 2018 

Source: own elaboration. 2 

6. Results and discussion 3 

Analysis of the collected data made it possible to select the five general CSFs most 4 

frequently mentioned in recent literature, i.e. time (T), cost (C), innovation (I), technology (E) 5 

and integration (N) – understood as coordination of tasks, cooperation or good communication. 6 

Organizations need to work at very high levels of efficiency, optimizing existing resources,  7 

in order to achieve and maintain their position in the market. This is due to increased 8 

competitive pressures caused by technological advances. Consumers are increasingly 9 

demanding and aware, and their expectations, needs and tastes are changing very rapidly. 10 

Today, companies are reinventing their development processes to become faster (including 11 

shorter time-to-market) while constantly innovating even in the smallest components.  12 

This involves increasing R&D costs and rising capital costs. In order to optimize the product 13 

success rate, marketing, manufacturing and design functions must also be integrated. 14 

Using the basic 9-point scale (Table 4) defined by Saaty (1980) in the next step, the value 15 

of CSF priorities typical of the chemical industry was determined first (Table 5).  16 

The assumption was made that the importance of each criterion decreases in the order  17 

Q > P > L > G > M > S (cf. Table 2). 18 

  19 
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Table 4. 1 
AHP scale for pairwise comparisons 2 

Significance level Definition 

1 equally importance 

3 moderate importance 

5 strong importance 

7 very strong importance 

9 extreme importance 

2, 4, 6, 8 moderate values 

Source: Saaty, 1980. 3 

Table 5. 4 
Prioritization of CSFs concerning the chemical industry 5 

 Q P L G M S Criteria weights (%) 

Q 1 3 5 7 8 9 47,40 

P 0,33 1 3 5 6 7 25,60 

L 0,2 0,33 1 3 4 5 13,20 

G 0,14 0,2 0,33 1 2 3 6,40 

M 0,12 0,17 0,25 0,50 1 2 4,30 

S 0,11 0,14 0,20 0,33 0,50 1 3,00 

Note. Q – quality, P – project and product, L – leader and team, G – globalization, M – marketing, S – sources. 6 

Source: own elaboration. 7 

In the next step, taking into account the factors relevant to the chemical industry,  8 

the CSF priority value was determined along with the parameters selected based on the analysis 9 

of recent literature (Table 6). The following assumptions were made: 10 

 the most relevant CSF for the chemical industry (Q = 9) has a higher value compared to 11 

the most relevant general CSFs (T, C, I = 8) 12 

 the next two factors, i.e., technology (E) and integration (N), are slightly less important 13 

(4) than project and product definition (P = 7) or leader and team (L = 5), important in 14 

the chemical industry 15 

 the least importance was assigned to the parameters G (3), M (2) and S (1). 16 

Table 6. 17 
Prioritization of CSFs 18 

 Q I T C P L E N G M S 
Criteria 

weights (%) 

Q 1 2 2 2 3 5 6 6 7 8 9 23,40 

I 0,50 1 1 1 2 4 5 5 6 7 8 15,70 

T 0,50 1 1 1 2 4 5 5 6 7 8 15,70 

C 0,50 1 1 1 2 4 5 5 6 7 8 15,70 

P 0,33 0,50 0,50 0,50 1 3 4 4 5 6 7 10,70 

L 0,2 0,25 0,25 0,25 0,33 1 2 2 3 4 5 5,50 

E 0,17 0,2 0,2 0,2 0,25 0,50 1 1 2 3 4 3,70 

N 0,17 0,2 0,2 0,2 0,25 0,50 1 1 2 3 4 3,70 

G 0,14 0,17 0,17 0,17 0,2 0,33 0,50 0,50 1 2 3 2,60 

M 0,12 0,14 0,14 0,14 0,17 0,25 0,33 0,33 0,50 1 2 1,90 

S 0,11 0,12 0,12 0,12 0,14 0,20 0,25 0,25 0,33 0,50 1 1,40 

Note. Q – quality, I – innovation, T – time, C – cost, P – project and product, L – leader and team, E – technology, 19 
N – integration, G – globalization, M – marketing, S – sources. 20 

Source: own elaboration. 21 
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It should be noted that the weight of the quality criteria is clearly more relevant than the 1 

other criteria, as it is an important characteristic associated with the chemical industry. 2 

Nevertheless, given current trends and conditions, innovation processes, time and cost are also 3 

of great importance. One of the least important meanings is globalization due to the fact that 4 

the introduction of modern information technology makes the process almost automatic. 5 

Likewise, the importance of the elements involved in bringing a product to market and the 6 

source of ideas in developing new projects/products are not as significant in relation to the other 7 

factors selected. The importance of these criteria shows the evolution of NPD and the adaptation 8 

to the actual needs of companies in making faster decisions in a competitive market. 9 

7. Summary 10 

An analysis of the existing literature shows that despite the creation of many general models 11 

for new product development, there is no single, specific one that can form the basis for product 12 

development in any industry. Each company, deciding to develop and introduce new products, 13 

should define its needs and choose the most suitable model for the process. In the literature one 14 

can find examples of models dedicated to, for example, the apparel industry, the furniture 15 

industry or the automotive industry. However, no attempt has been made to verify models 16 

defined for the chemical industry. 17 

The chemical industry is part of the processing industry sector and one of the world’s key 18 

industries. The current structure of the chemical industry can be characterized by various 19 

products starting from oil and gas through petrochemicals, chemicals, polymers, special 20 

additives or active ingredients. These products are used in almost every area of life. Product life 21 

cycles are often longer compared to other industries and products. Products developed decades 22 

ago are still important raw materials sold on the market today. The chemical industry serves 23 

many other industries as a supplier of raw materials and often acts as a good indicator of overall 24 

economic development. 25 

For a good understanding of the requirements and drivers of the chemical industry,  26 

the development of the chemical market and the trends involved must be carefully analyzed. 27 

Among the biggest changes associated with 21st century trends are globalization (the growth 28 

of global trade), consolidation (the rise of ever larger and more complex corporations), 29 

commoditization and margin pressure (cost reduction e.g. through restructuring or outsourcing), 30 

innovation (use of new technologies, such as biotechnology, nanotechnology, artificial 31 

intelligence), legislation (mainly EU legislation, precise documentation, compatibility of 32 

standards) and sustainability (e.g., efficient management of natural resources). 33 

  34 
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In general, chemical products are primarily not designed and developed as a single product, 1 

but as product lines or portfolios. Commodity chemical products (e.g., petrochemicals, basic 2 

chemicals and some polymers) tend to be manufactured and sold to mass markets in large 3 

volumes and at low unit values. In contrast, specialty products, such as nutritional and 4 

agricultural products, are sold in specialized markets, in smaller quantities and at higher unit 5 

values. 6 

Both the literature data and the results of the analysis conducted indicate that there is no 7 

single, ideal NPD model that can be applied to different industries and products. In this paper, 8 

two approaches were used, i.e. using CSFs general and specific to the chemical industry.  9 

The results also indicate several trends that should be taken into account in further analysis of 10 

the models for their application to specific industries or products, i.e.: 11 

 the number of different types of models described in the literature indicates that it would 12 

be beneficial to carry out a classification of them, e.g. by creating a database of models, 13 

taking into account their characteristics, or different groups of products or industries. 14 

For example, among the models discussed, some were strongly oriented on the quality 15 

parameter and the product definition process, others on the use of various types of new 16 

technologies. This would make it easier for managers to look for specific solutions; 17 

 the analysis of the results shows that a better solution in the NPD model selection 18 

process is to use CSFs dedicated to a particular industry. Which suggests that a more 19 

precise specification of CSFs would allow more accurate matching of the appropriate 20 

NPD model. It is therefore advisable for companies wishing to conduct this type of 21 

analysis to define CSFs according to their own guidelines in each case. 22 
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