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A Product-Technology Portfolio Alignment Approach for Food Industry: A

Multi-Criteria Decision Making with Z-numbers

Abstract

Purpose. To design a novel hybrid approach to illustrate a reciprocal alignment to integrate
future products and technologies. This mixed qualitative-quantitative method aims to optimize
the final product portfolio and production technologies alignment in the food industry.

Design. A list of products and technologies is extracted and evaluated by experts employing
Market Attractiveness and Ease of Implementations Matrix (MA-EI) for products and
Attractiveness and technological Capability Matrix (A-C) for technologies. Weights of high-
scored alternatives are attained applying the Z-number extension of Best Worst Method
(ZBWM). After the Product-Technology matrix is formed and the alignment scores of each
pair are determined by experts. Subsequently, final scores are computed and a framework is
proposed by electing high-ranked products and technology of each cluster to form the aligned
product and technology portfolios of a food and hygiene industry company.

Finding. By employing an uncertain multi-criteria decision-making approach besides product
and technology matrices in a food industry corporation, among 40 technology and product, 13
products by 6 technologies are proposed. Thus, only six technology are necessary to
manufacture the highly important and effective products.

Originality. The combination of product and technology analysis matrixes with an uncertain
decision-making approach is considered as a novel approach in this research. Moreover, the
distinctness between the present study and other researches is the concurrent unified aspect of
product portfolio and technology optimization and its implementation in the planning
discussion, especially in the food industry.

Keywords. Product-Technology Alignment; Product and Technology Portfolio; Technology
Planning; ZBWM; Food Industry.



1. Introduction

Considering the pressure of the competitive environment, the pace of technology growth and
shrinking product life cycles, firms are forced to set their product and technology portfolios
interactively, which is usually done by adapting the technology road mapping approach. In this
case, the alignment is a key communication channel between developing a product portfolio
and a technology portfolio (Eppinger et al, 1990). The ability to adapt to dynamic market
conditions and manage the ever-increasing variety of products, unpredictable production
volumes, the rapid introduction of new products and emerging production technologies is a
competitive advantage in today's environment (Andersen et al, 2018; Jafari Sadeghi,
Nkongolo-Bakenda, et al. 2019). If technology planning is applied precisely and well-timed,
the development process will be facilitated (Arasti & Jokar, 2015). Studies indicate that the
number of new products has heightened by 34% from 1998 to 2004 (B.Kahn, 2014), product
variegation has been doubled from 1997 to 2012 and the product life cycle has been diminished
by about 25% (Andersen et al, 2018). Researches have also demonstrated that more than 86%
of products fail in the product development process (Barczak et al, 2009). Moreover, only 59%
of new commercial products succeed after launching. Besides, from the viewpoint of
profitability, 54% of them are favorable (Kahn, 2014).

Notably, the complication of the product portfolio will motivate greater profits if it is managed
effectively. Broadening the number of new products puts more tension on product planning by
imposing higher production costs, lowering the profit margin (Kahn, 2014), flourishing costs
from the exponential growth of entanglement, preventing from the profit of scale, inventory
imbalances and jeopardizing production and distribution processes (Sadeghi, 2009).
Introducing new products and rising product diversification have precipitate frequent changes
in the production system, which are often expensive and time-consuming (Mokhtarzadeh et al,
2018; R6si6 & Bruch, 2018; Bruch & Bellgran, 2014). In process industries such as chemical
or food industries, product innovation is the outcome of process innovation (Hullova et al,
2016). Firms in these industries require modifying production technologies for developing new
products, providing opportunities for developing their production systems (Bruch & Bellgran,
2014; Lager & Rennard, 2014; Jafari-Sadeghi, 2019). In this regard, new approaches insist on
the strategic alignment of production systems and technologies portfolio with product portfolio
(Bruch & Bellgran, 2014; Lager & Rennard, 2014).

Numerous studies have investigated the product portfolio optimization by abundant methods
such as Multi-Criteria Decision Making (MCDM), Multi-Objective Decision Making
(MODM), Neural Networks (NN), Metaheuristic Algorithms, and Artificial Intelligence (AI).
As an illustration, Khorshidian et al. (2019) have employed a bi-objective model, a hybrid of
the improved version of the augmented e-constraint method (AUGMECON2) and TOPSIS to
select the effective category of products and transportation planning (Khorshidian et al, 2019).
Goli et al. (2019) have applied Two robust counterpart formulation for multi-objective product
portfolio problems to minimize risk and maximize return in the dairy industry (Goli et al.,
2019). Myorda et al. (2018) have focused on portfolio optimization through substitution and
standardization techniques (Myrodia et al, 2018). Jiang et al. (2019) proposed a multi-objective
optimization method of value recovery to the remanufacturing of End- of- Life product (Jiang
et al., 2019). Furthermore, alongside product portfolio, some of the researches have surveyed
technology alignment aspects e.g. alignment of technology and business strategy (McAdam,
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Bititci and Galbraith, 2017) and technology alignment in the presence of regulatory changes
(Nair and Dreyfus, 2018).

Therefore, new approaches insist on the strategic alignment of production systems and
technologies portfolio with product portfolio (Bruch & Bellgran, 2014; Lager & Rennard,
2014). Qualitative methods lack to evaluate and sort this alignment appropriately. Furthermore,
the quantitative methods for this alignment have not been studied sufficiently, yet. In this
regard, in our proposed method a novel decision-making approach has been demonstrated to
align Product-Technology portfolios. Moreover, due to qualitative criteria dealing with the
alignment challenge, alongside with the uncertainty relevant to decision-making processes,
deterministic methods are not reliable. Accordingly, the authors designed a Z-number based
method to consider existing uncertainty.

In this paper, the product and technology have been considered at the same time. Hence, a list
of products and technologies are extracted. Obtained products and technologies are evaluated
by experts employing Market Attractiveness and Ease of Implementations Matrix for products
and Attractiveness and Technological Capability Matrix for technologies. Weights of high-
scored alternatives are attained applying the Z-number extension of Best Worst Method
(ZBWM). Z- numbers assist this research to deal with uncertainty. In the following, the
product- technology matrix is formed and the alignment scores of each pair are determined by
experts. Subsequently, final scores of the product and technology are computed and a
framework is proposed by electing high-ranked products and technology of each cluster to form
the aligned product and technology portfolios. Our proposed approach has been applied in a
food industry case and productive results were emanated.

The rest of this paper is organized as follows. First, the basic concepts relevant to this research
are presented and the previous related studies are investigated. Next, the methodology and the
proposed hybrid process of this research are described. Subsequently, the food industry case is
introduced and the results of employing the proposed method are explained. Eventually, the
implications, limitations and the conclusion are discussed.

2. Theoretical Foundation and Previous Researches

Ability to adapt to dynamic market circumstances and increasing diversify management,
unpredictable production volume, hasty presentation of new products and production
technologies are often appearing as a key competitive advantage in a present production
environment (Andersen et al, 2018). In contemporary markets, manufacturing companies are
under stress to repeatedly propose disparate and new products to market over short periods.
Product planning is found on the firm's goals, potentials, and limitations. Product portfolio
planning is a field of production and technology management and one of the remarkable
prerequisites for flexible and customized mass production (Arasti & Jokar, 2015). In the current
competitive situation, one of the vital concerns of executives is to determine what product
should be marketed. Businesses are progressively looking to widen product range and deliver
them accurately as much as possible to distinctive segments of the market. Hence, the products
in the manufacturer's product portfolio are more appealing to people (Abadi, 2014). Likewise,
deciding on the optimal combination of product features is an influential decision. The



optimum product portfolio is a consolidation of products to be offered that will maximize
market share while taking into account production costs (Sadeghi, 2009).

On the other hand, technology planning is an essential part of any firm’s planning system
business which must be approached both at the corporate and business level (Khalil, 2000). By
appearing novel technologies such as the Internet of Things in the distinct parts of the value
chain, firms are compelled to concentrate technology planning to enhance the effectiveness and
efficiency (Ramundo et al, 2016). Technology is an integral part of any business and an
effective and empowering factor to strengthen company performance and productivity (Jafari
Sadeghi & Biancone, 2017a). The purpose of the technology strategy concept is to provide a
broad and comprehensive approach to achieve organizational goals through the benefits of
technological capabilities in a competitive environment. This strategy should state guidelines
for the selection and implementation of particular actions. Other results of this category include
guiding the type and structure of the technology portfolio (Mahdiraji et al, 2014; Moon & Lee,
2017), intended applications and methods for generating revenue from the usage. The selection
of required technology based on the firm’s competitive strategy is one of the strategic decisions
in the technology planning process. Various tools and methods have been developed for
technology selection. Many firms are trying to manage their technology by integrating
technology and business into a proper framework and align technology and institutional
readiness (Webster & Gardner, 2019). Constant attention to the purposeful use of technology
strategy is constitutional for companies since it is the singular way that they can accomplish
growth and development by technologies (Stacey & Ashton, 1990).

2.1. Product-Technology Alignment

A product- technology alignment means the two-way connection between product and process
innovations. This is borrowed from the science of physics, which means "a relationship or
situation in which two or more distinct things reinforce or emphasize each other's
characteristics" (Hullova et al, 2016). A firm demands a community, understanding of how
production can support its business. Assessment of how existing processes fit the desires of the
organization's current market and picking the right process to meet future needs is a noteworthy
production responsibility in the strategy discussion of the company (Hill et al, 1998; Jafari
Sadeghi et al, 2014). Manufacturing companies should perpetually develop and materialize
technologies for enhancing their manufacturing processes and equipment and try to acquire
unique production systems (Jafari Sadeghi & Biancone, 2018; Bello-pintado et al, 2018).
Regarding the high cost of investing in restored production equipment, abounding
manufacturing firms avoid generating new products so as not to disrupt their existing
production machinery (R6si6 & Bruch, 2018). Production system development refers to a level
above the process level which includes all elements of the production system for instance
technology (Bruch & Bellgran, 2014). Revived production technology can advance new
product performance and create a competitive advantage (Mahdiraji et al, 2012; Ahlskog et al,
2017; Jafari Sadeghi & Biancone, 2017b; Mahmoudi et al, 2018).

Expressly in the food industry, the development of new products is often a technology-driven
process which signifies the role of technology. Nowadays, food manufactures must provide
high- quality, convenient, healthy and sustainable food found on customers' needs and tastes.
To face these remarkable challenges, firms must concentrate on technology planning (Esbjerg
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et al, 2016). Although the impact of production technologies on production performance has
received a great deal of attention in operations management literature, the enactment of
technology and knowledge which has been impressive in adoption performance was not
surveyed sufficiently (Bello-pintado et al, 2018, Jafari Sadeghi, Nkongolo-Bakenda, et al 2019;
Rezaei, et al, 2020). Diversified range and types of alignment can occur between the product
and process innovation which is elaborated in Table 1.

Please insert Table 1 here

The merge of product portfolio and relevant production systems requires the investigation of
future needs in the early stages of the product development process. A basic model of this
integrated portfolio approach is amplified in Figure 1. This is an optimal approach for planning.

Please insert Figure 1 here

The main idea of the model of Figure 1 is that the benefits of a portfolio are worth the effort of
collecting compatible data and building trust and commitment in the organization. The
preeminent goal is to hit the more productive production systems, which means condescend
production costs and stepped up profitability. The approach will also persuade a strategy to
better balance market-based and production-based product development (Bruch & Bellgran,
2014; Mahdiraji et al, 2015).

Abundant analogous issues have been researched being product portfolio or technology
portfolio optimization e.g. by Cooper et al. (1997), Cooper et al. (2001), Jolly (2003), Zhang
& Jiao (2005), Sadeghi (2009), Sadeghian (2011), Fadaee (2015) and Cooper et al. (2016).
Nevertheless, previous studies have been restricted to optimizing a portfolio of products or
technologies and have not centralized on consolidating the two at the same time as Bruch and
Bellgran (2014). Next in order, the alignment of these two portfolios is a fully novel topic that
researchers have realized, not long ago (Razavi Hajiagha et al, 2015; Potstada et al, 2016;
Hullova et al, 2016;).

The distinctness between the present study and other researches in these two fields (including
product or technology portfolio and integrated planning and alignment of product and
technology portfolio) is the concurrent unified aspect at product portfolio and technology
optimization and its implementation in planning discussion. The similarity of this research to
other studies is applying the initial concept of primary sifting of possible alternatives of product
and technology portfolio. This method is alike with enforced technique in Reckitt and Coleman
Company (Cooper et al, 1997) for technology and identical with Jolly (2003) for products.
Besides, Lager (2002), Bruch and Bellgran (2014) and Hullova et al. (2016) have stressed on
allied and synchronic planning of product and technology. Furthermore, the model of Hullova
et al. (2016) has been applied in this paper. Strategic alignment of technology has also been
proposed recently (Hajiagha et al, 2015a,b; Bernat & Karabag, 2019).

2.2. Market Attractiveness vs Ease of Implementation Matrix

This matrix (Figure 2) is used to evaluate new product development projects and has two
dimensions including market attractiveness (context) and ease of implementation. The matrix
has been developed by Rekitt & Coleman to evaluate new product development projects. This
matrix is a similar type of matrix to the Boston Consultancy Group matrix, except that its two
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dimensions represent market/background attractiveness (from low to high) and ease of
implementation (low to high), which are both risky and rewarding. In this matrix, the
attractiveness of the market and the simplicity of implementation include five separate scoring
criteria. The criteria for each dimension are introduced following the matrix (Cooper et al,
2016). This method has been used in the present study to evaluate potential product
development projects.

Please insert Figure 2 here

Each dimension of this matrix is assessed by various criteria. These criteria are elaborated into
two sections including market attractiveness and ease of implementation. For market
attractiveness, five sub-criteria are considerable including Attractiveness for the customer
(Cma1), Product advantage (Cwmaz), Sustainability of the advantage (Cwmas), International field
(Cmas) and Financial attractiveness (Cmas). On the other hand, for ease of implementation, five
sub-criteria are considerable including Technical feasibility (Cen), Lack of development
challenges (Cer), Packaging (Ce), Coordination with company production capabilities (Cgu)
and Distribution (Cegs).

2.3. Technology Attractiveness vs Firm's Capability Matrix

Various tools and methods have been developed to select technology. Numerous companies
are trying to integrate technology and business management in the form of a suitable
framework. Continuous attention to the targeted use of technology strategy for companies is
necessary because only In this way, they can use technology to achieve profitable growth and
development (Stacey & Ashton, 1990). Due to the great impact of technology on the company's
competitiveness and the costs and risks associated with it, some of the technology management
processes are challenged. Technology selection is one of the most challenging processes of
technology portfolio management. The connection between strategy and technology has
become a contentious issue in recent years, beginning with an article by the Stanford Research
Institute entitled "Technology Portfolio Analysis." In this paper, Technology Attractiveness vs
Firm's capability matrix (Figure 3) is applied to assess new technology development projects
and appointments and consists of two dimensions of technology attractiveness and capability.

Please insert Figure 3 here

Each dimension of this matrix is analyzed by varied criteria. These criteria are divided into two
sections including attractiveness criteria and capability criteria as follows. For attractiveness
criteria, five sub-criteria are performable including Accessible Market Size by Technology
(Cat1), Accessible Application Range by Technology (Can), Technology performance
compared to other alternatives (Cas3), Technology impact on competitive issues (Cat4) and
Technology transfer capabilities to other units (Cas). On the other hand, for capability criteria,
five sub-criteria are performable including Communication with the core Business (Ccai), the
accumulated knowledge in the field (Cca2), Technology exploitation capacity (Cca3), Financial
capacity (Cca4) and Abilities of the development team (Cecas).

2.4. Z-numbers Best Worst Method
BWM is a multi-criteria decision-making technique for extracting the weights of the criteria
which was first introduced by Rezaei in 2015 (Rezaei, 2015). Numerous approaches to BWM
have been proposed divided into groups of certain and uncertain approaches. For certain
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circumstances, Nonlinear BWM (Rezaei, 2015), Lincar BWM (Rezaei, 2016), Euclidean
BWM (Kocak, Caglar & Oztas, 2018) and Multiplicative BWM (Brunelli & Rezaei, 2019) are
presented. On the other hand, for uncertain conditions, Interval- Grey BWM (Rezaei, 2016),
Fuzzy BWM (Guo & Zhao, 2017), Z-numbers BWM (Aboutorab et al, 2018), Intuitionistic
Fuzzy BWM (Mou et al, 2016) and Bayesian BWM (Mohammadi & Rezaei, 2019) are
designed and evolved.

Z-number is related to a random variable which is consisting of fuzzy number order pairs (4,
B). A refers to the value of the random variable and B indicates the reliability of the value
(Wang et al, 2017; Kang et al, 2012). Indeed, ZBWM is a combination of Z-numbers and
BWM. Remark that less pairwise comparison, higher consistency, the power to serve
uncertainty and power to be operated for Big data are the main specifications of this method.
Nonetheless, the subjectivity issue of the fuzzy part during the concept translation process is
considered as the main limitation of this approach (Aboutorab et al, 2018). Steps of ZBWM
are described in the coming (Aboutorab et al, 2018).

Step 1. A criteria decision matrix is formed: {C;, C:..., Cy).
Step 2. The best criteria (Cp) and the worst criteria (Cw) are determined by experts.

Step 3. Preferences and certainties of the best criteria over other criteria are determined by
experts applying z-numbers reference: Ag = {@p,, dp; ..., dpn} applying Table 6.

Please insert Table 2 here

Step 4. Preference of other criteria over the worst criteria is determined by experts applying z-
numbers reference: Ay, = {d;y, Az ..., Anw} applying Table 2. Note that, each triangular
fuzzy number (TFN) consists of three sections (1) for lower bound, (u) for upper bound and (m)
for middle value.

Step 5. Optimal fuzzy weights (W', Wy ..., W,’}) are computed by solving (1).

min k

s.t:

(g, mg,uy
(v, m]W,u]W)
v, m}”,ujw)

(L, My, wy)
n

D R(T) =1

S (k*, k*, k*)

- (lBj: Mmpj, qu)

= Uw> mjw, ujw)‘ < (k% k%K)

J =7 = 7
=0
j=12..,n

1)
Notice that for related TEN valuesWy = (1%, ml,u¥), VT/J =Y, m]W, u]W), Wy, = (I,

my, Uy, dgj = (lgj, mpj, ug;) and Gy = (L, Mjw, wjw)-



Step 6. Consistency Rate (CR) of the experts' opinion is calculated by (2). The high values of
this criteria are not acceptable.

§ 2

CR ==
cl

Where the Consistency Index (CI) is determined by Table 3.

Please insert Table 3 here

Step 7. The arithmetic average of each bound is calculated to integrate experts' opinions.
Step 8. Crisp values of the weights (R (Wj)) are extracted by (3).

_ l] + 4m] + u]- (3)

R(T) =L

3. Methodology

The following figure displays the implementation steps of the present study. Note that, in our
proposed method a novel decision-making approach has been demonstrated to align Product-
Technology portfolios. Due to qualitative criteria dealing with the alignment challenge,
alongside with the uncertainty relevant to decision-making processes, deterministic methods
are not reliable. Thus, to find the most optimal Product-Technology alignment, uncertain
MCDM based methods are employed. These methods do not require numeric data and generate
the evaluation and relationship of products and technologies by the expert's opinion.

Please insert Figure 4 here

Stage 1. At this stage, a list of available potential manufacturing products and technologies of
the industry is extracted by searching the relevant databases and reviewing top articles and
international companies, as well as reading various catalogs and blogs.

Stage 2. Product and technologies identified in stage 1, are shared with experts together with
attached questionnaires and related information to be evaluated. Assessments are performed
employing Market Attractiveness vs Ease of Implementation Matrix for products (Cooper et
al, 2016) and Attractiveness vs Capability Matrix for technologies (Stacey & Ashton, 1990).
The score of each product or technology is considered in each criterion. The average scores
given by the experts are calculated and finally, the average scores will be deliberated as the
Cartesian coordinates of each alternative (Mokhtarzadeh et al, 2018).

Stage 3. Weights of the elected products and technologies are extracted by experts' opinions
employing the ZBWM model (Aboutorab et al, 2018) and LINGO software.

Stage 4. Product- technology matrix is built found on the nominated product and technologies
of stage 2 and the extracted weights of stage 3 (Mokhtarzadeh et al, 2018).

Stage 5. Alignment scores of each product- technology pair is attained by a questionnaire
placed on the alignment level. Note that, for Reciprocal, Product- Sequential, Process-
Sequential, Product- Amensalism, Process- Amensalism, Product- Pooled and Process- Pooled,
scores from 7 to 1 are employed, relatively (Amoozad Mahdiraji et al, 2018).



Stage 6. Final scores of each product and technology are obtained by the alignment scores of
stage 5 and the computed weights of stage 3. Consequently, high-scored products and high-
scored technology in each field are selected to construct the portfolios of the company.

PS = > (ds+wp,) )
i=1

TS = ) (As x wy) 5)
i=1

Note that in Eq. (4) and (5), PS and 7S show the total Product Score and total Technology
Score (Razavi et al, 2015). As is the Alignment Score and w;, / wy; are the extracted weights of
the product/ technology resulted from ZBWM (Aboutorab et al, 2018), respectively.

4. Case Study and Findings

Khorramshahr Oil Co., Ltd (KHOC), with over 75 years of experience as a pioneer in the food
and hygiene industries, is the first manufacturer of edible vegetable oils, standard olive oil and
detergent oils in the domestic market. This company owns the most modern oilseed factory in
Iran. The statistical population of this study is a group of experts and managers of distinctive
units of KHOC. The reason for their selection is their high expertise and experience in this
field. In light of the usefulness of the results of the research for this organization, the necessary
cooperation has been made by them to advance the current study. The experts of the research
in which their opinions are applied for initial screening of the products and technologies and
performing ZBWM. Note that five groups of experts from different positions and different
educational backgrounds participated in this research. Five experts with Ph.D. from the CEO
group, four experts with Ph.D. from strategy department, five experts with Ph.D. from research
and development department, five experts with MBA from the commercial department and
three experts with MBA from manufacturing department (totally 20), cooperated.

In stage 1, potential products and technologies of the oil industry are identified. It is also worth
noting that, given the variety of oils in terms of consumer recognition and range of use, they
can be divided into four categories as follows.

= Normal with the main application in Cooking and Edible (Sunflower, Soy, Palm,
Rapeseed, Canola, Corn, Olive, Pumice, Sesame).

* Economical with the main application in Cooking and Edible (Cottonseed, Rice Bran,
Mustard, Safflower, Linseed, Cotton, Castor).

» Expensive with the main application in Medical and Hygienic (Almond, Peanut,
Cashew, Pistachio, Walnut, Hazelnut, Avocado, Argan).

=  Special with the main application in Medical and Hygienic (Coconut, Ambadi, Perilla,
Macadamia, Tea Seed, Pine Seed, Purslane Seed, Grape Seed, Watermelon Seed,
Pomegranate Seed).

The final list of KHOC products is provided after holding consultation meetings with experts.
These products are signed as P, in which & is a number from 1 to 40. They are anonymous to

keep the company's trade secrets. In conjunction with products, a list of accessible technologies
in 6 fields is offered, elaborated in Table 4.



Please insert Table 4 here

In stage 2, identified products and technologies of the previous stage are screened. For this
purpose, each expert scores each product and technologies, based on 2-dimension matrixes of
Figure 2 and Figure 3 by 9-point Likert Spectrum which is presented in Table 5 and Table 6.

Please insert Table 5 here

Note that, in Table 5, products with high market attractiveness were selected and highlighted.
Consequently, 22 products from available options were considered as attractive products with
scores higher than 4.5.

Please insert Table 6 here

Note that, in Table 6, technologies with high attractiveness were selected and highlighted.
Accordingly, 24 technology from available options were considered as attractive technologies
with scores higher than 4.5. Consequently, by computing the average of the experts' scores,
Cartesian coordinates of the products and technology are found out which are depicted in
Figure 5 and Figure 6.

Please insert Figure S here

Please insert Figure 6 here

Hence, the results of the experts' preferences and certainties found on the references in Table
2 are gathered. The model of (1) is formed and solved placed on this information and the
optimal results are defuzzified by equation (3). The average optimal weights of selected
products and technologies (including 22 product and 24 technology) are illustrated in Table 7.

Please insert Table 7 here

It is noticeable that the consistency rate of the experts' opinion is calculated by Eq.(2) based on
Table 3. Note that all groups of experts received acceptable CI and CR after two rounds; hence,
the results are valid and reliable. In stage 4, the Product- Technology Matrix is built by an
average of experts' opinions found on the alignment scores which is detailed in Table 8.

Please insert Table 8 here

After forming a product- technology matrix, in stage 6 total scores of the alignments are
computed by Eq. (4) and (5) regarding the obtained weights of Table 7. The results are
elaborated in Table 9. Remark that, based upon ZBWM, product technology matrix, and
experts' opinion, for degumming sector Ts, for neutralization T2, for discoloration Tio, for
disinfection Tas, for fire tube Ts3, and water waste treatment Tss are the most appropriate
technologies to be considered. In products, P9 to P13, Pis, Pis, P20 to P23, P2g and P29 are the
most desirable products to be manufactured by the selected technologies.

Please insert Table 9 here

The selected technology portfolio is perfectly optimal. Besides, alignment scores express the
high- complementary of the pairs. As an illustration, even though P13 has been chosen in the
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final portfolio, it has the lowest weight. This highlights the high technology alignment of P13
in comparison with other alternatives.

5. Discussion and Implication

Theoretical. Numerous studies have discussed the product portfolio and technology portfolio.
In most studies, product portfolio optimization has not been performed by considering its
alignment with technology. However, the alignment of them is highlighted which must be
investigated, precisely. Our study has attempted to offer a novel framework for product-
technology alignment. The alignment of product portfolio and technology portfolio and its
immense significance have been addressed in many studies, especially in the literature of
technology road mapping (e.g., Lee & Park, 2005; Phaal et al, 2004) and product development
management (Closs et al, 2008). However, these researches mostly have addressed the issue in
qualitative methods and there are little studies approached the case employing quantitative
methods. Remark that our framework has been presented quantitatively. As our studied
literature indicates, previous researches have not considered a quantitative approach based
upon multiple criteria decision-making methods to attain this portfolio matrix. MCDM helps
decision-makers to assess the problems involving multiple measures similar to this study (Kou
et al. 2020). The authors have applied this capable method to promote decisions. BWM is an
MCDM technique that is used in our research. It has been a favorite method since its
introduction by Rezaei (Rezaei, 2015). Due to the high number of products and possible
technologies, BWM can reduce the pair comparisons, remarkably. Therefore, as the
significance of all products and technologies is not similar, our paper employed BWM to
extract the weights. Besides, to bring the proposed method closer to the real environment, the
z-number development of BWM has been used. Z- numbers can advance the reliability of the
information by taking uncertainty into account (Zadeh, 2011). In other words, in a novel age,
information deals with uncertainty and decisions are made found on this uncertain information.
Thus, our research enhances the reliability of decision making by using z- numbers to define
information.

Applicational. The rise of change in the food industry is significantly rising by the side of
other industries. Firms are compelled to develop varied products to satisfy customers. Indeed,
customers' tastes and needs are upgrading expeditiously and firms are forced to respond. To
acknowledge nimbly, the alignment of technology and products is a critical necessity for firms.
The authors have proposed a framework that can be employed to align the product and
technologies. Hence it will raise the productivity and efficiency of the firms' process and this
will lead to customer satisfaction. Furthermore, electing the wrong technology can make the
firm to suffer from financial damages. To avoid this loss, we have recognized the highlighted
products and technologies among various of them and planned applicably to align them.
Therefore, our presented framework reduces the cost and risks of the decisions.

Managerial and Policy Making. Making a decision is a crucial role for managers. The future
of a firm is based on these decisions. Thus, our study has aimed to develop a framework for
managers to make appropriate decisions. Decisions are made placed on information
considering various criteria. Our proposed method employed the Z-BWM technique to
consider the uncertainty and conflict of the information. This framework can facilitate the task
of managers in every type of decision. Specifically, our framework has been performed for the
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decision of product- technology alignment. The cost and risk of technology and product
development have been escalated and become very challenging for firms (Biancone & Jafari
Sadeghi, 2016). The result of our study aids the managers to select well-integrated portfolios
with higher efficiency and effectiveness of the product and technology development process.
The proposed method is not limited to the food industry. Our framework can conduct the
policymakers of every industry to enhance the effect of their policies by making opportune
decisions.

6. Conclusion and Future Recommendations

In this study, a framework has been proposed to optimize the alignment of future products and
production technologies in a food industry company case study. To achieve this aim, numerous
databases have been investigated and accessible products and technologies are nominated for
building the company's portfolio by five groups of experts. Obtained products and technologies
are assessed by experts applying Market Attractiveness vs Ease of Implementations Matrix for
products and Attractiveness vs Capability Matrix for technologies. Moreover, ZBWM as a
recent uncertain evaluating method has been employed to extract the weights of products and
technologies. Subsequently, the alignment scores of the product- technology pairs have been
gathered by experts' opinions and the product score and technology scores are calculated. The
high- scored products and technologies are selected to form the portfolios of the company
which deliberates the high- complementary of the products and technology.

This novelty of this study could be developed in future studies by employing new uncertain
approaches such as hesitant fuzzy, intuitionistic fuzzy, interval fuzzy and interval-valued
intuitionistic fuzzy. Furthermore, other weighing methods such as pairwise comparison, step-
wise weight assessment ratio analysis and other types of BWM could be applied. Moreover,
this framework is suggested to be performed in other industries in future studies.
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