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Abstract: Currently, the environment and sustainability are important topics for every industry.
The food industry is particularly complicated in this regard because of the dynamic and complex
character of food products and their production. This study uses structural equation modeling
(SEM) and a fuzzy analytic hierarchy process (FAHP) to investigate which factors are suitable for
evaluating the environmental performance of Thailand’s food industry. A first-stage questionnaire
survey was conducted with 178 managers in the food industry that obtained a certificate from the
Department of Industrial Work of Thailand to synthesize the performance measurement model and
the significance of the relationship between the indicators. A second-stage questionnaire measured
18 experts’ priorities regarding the criteria and sub-factors involved in the different aspects and
assessment items regarding environmental performance. SEM showed that quality management,
market orientation, and innovation capability have a significantly positive effect on environmental
performance. The FAHP showed that the experts were most concerned about quality management,
followed by market orientation and innovation capability; the assessment items for quality policy,
quality assurance, and customer orientation were of the most concern. The findings of this study can
be referenced and support managerial decision making when monitoring environmental performance.

Keywords: environmental performance; structural equation modeling; fuzzy analytic
hierarchy process

1. Introduction

Environmental and climate change issues are part of sustainable development. A continuously
expanding awareness of environmental issues has become increasingly obvious [1,2]. In recent
decades, public concern has become the driver of the increasing pressure that is forcing various
industries to improve the environmental performance of their products and activities [1,3]. The food
industry is particularly and directly affected by climate change (i.e., because of flooding, droughts, and
temperature change). Simultaneously, the food industry also causes environmental problems, such as
those involving waste water, solid waste, and air pollution [4]. The waste or environmental problems
in the food industry are generated over the entire product life cycle (i.e., extraction of raw materials,
design and production, packaging and distribution, use and maintenance, reuse and recycling, and
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disposal) [5]. A proper management system should be employed to prevent and reduce service
environmental problems [4].

The food industry is an important contributor to Thailand’s economy. The national economics and
social development board (NESDB) [6] found that the food manufacturing industry has been expanding
continuously and increasing rapidly, growing by 26.48 percent over the 1990–2014 period. The food
industry is strongly supported by the Thai government, which helps reduce pressures and constraints at
the global level and promotes Thai food as a global cuisine. Many projects are designed to develop and
exploit competitive advantages in the food industry through sustainable development concepts, including
(1) the National Food Institute, which assists processors in implementing management systems such as
GMP (Good Manufacturing Practice), HACCP (Hazard Analysis Critical Control Point), ISO (International
Organization for Standardization), and systems to recognize organizations or companies that are fulfill
required abilities to perform food processing and running business [7]; (2) food production development
and increasing the competitiveness of the country’s halal food industry in conjunction with the Halal
Standard Institute [7]; and (3) Thailand’s Ministry of Industry’s green industry regulation, which assesses
green system processes in various industries by means of sustainable and balanced development in the
social, economic, innovative/creative and environmental spheres [8,9].

Nonetheless, the Thai government seems to have prioritized economic growth at the expense
of environmental sustainability [10]. The NESDB [6] reported that Thailand’s GDP has expanded
continuously from US $207.09 billion to US $373.8 billion over the 2006–2014 period; in 2015, the GDP
growth rate increased 2.9 percent over the previous year. The most important component of Thai
GDP is manufacturing, which accounts for approximately 34 percent of GDP. The climate change
performance results in 2016 [11] indicated that Thailand’s GDP, population, and CO2 emissions have
consistently increased and that Thailand scored 48.16 lower than in previous years and ranked 48th
among the 61 countries measured. Thus, the Thai government’s attempts to reduce environmental
problems through its national climate policy have proven inadequate. Approximately 54.43 percent of
CO2 emissions were generated by the manufacturing industry and by electricity and heat production.

As discussed above, environmental management clearly remains an important problem for the
Thai food industry and for sustainable development in general. Moreover, the international pressures
linked to global and regional environmental concerns are affecting environmentally sensitive domestic
markets [12,13].

The literature is replete with authors who have devised various criteria for evaluating
environmental performance, such as management systems [14–16], product development
processes [17], product development using life cycle assessment [18–20], internal organizations [21],
marketing bases [22], and supply chains [23,24]) Moreover, it cannot be assumed that the factors
affecting environmental performance have the same effects in all cases. These factors should thus be
measured not separately but rather as part of a multi-dimensional approach that considers all factors
simultaneously. We could not find any study that integrated the concepts of quality management,
market orientation, and innovation capability to evaluate environmental performance in the food
industry context. This study is the first study that attempt to integrate structural equation modeling
(SEM) and a fuzzy analytic hierarchy process (FAHP) to measure the environmental performance of
Thailand’s food industry. The reason for combining the SEM and FAHP approaches in this study are as
follows: (1) SEM analyzes relatively new phenomena based on theory and measures the relationship
between variables from the literature or those without theoretical support [25]. Thus, we employ
SEM to define the criteria and sub-criteria and confirm the influence of quality management, market
orientation, and innovation capability on environmental performance. (2) FAHP can support decision
makers in making choices relevant to their goals and targets. Moreover, FAHP also can reduce the
problem of ambiguity. Thus, in this study, FAHP is used to assign weights and ranks between various
decision elements.

This paper is structured as follows. The second section reviews the literature on SEM and FAHP.
The third section discusses the critical factors of environmental performance measurement. The fourth
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section addresses our methodology; in addition to detailed information on the instrument, data
collection, and target population, this fourth section also explains the choices of SEM and FAHP.
The final section presents our results and conclusions.

2. Literature Review

2.1. Structural Equation Modeling

Structural equation modeling (SEM) is a statistical technique that tests and estimates causal
relations using a combination of statistical data and qualitative causal assumptions. The goal of
SEM analysis is to determine the extent to which a theoretical proposition is supported by sample
data. If the sample data support the theoretical model, then more complex theoretical models can be
hypothesized. If the sample data do not support the theoretical model, then either the original model
can be modified or a new theoretical model must be developed. Thus, SEM was developed to examine
critical factors by following an explanatory approach to testing hypotheses and employing a form of
covariance analysis that allows for the testing of hypotheses regarding the causality among observed
and latent variables. Moreover, SEM does not have limitations regarding the number of variables and
can address multiple dependent variables and estimate multiple equations simultaneously, whereas
linear regression techniques can estimate only one equation at a time [26]. This study uses SEM as its
theoretical model in an empirical analysis of the effects of quality management, market orientation,
and innovation capability on environmental performance. SEM contains both a measurement model
and a path model. The measurement model focuses on the relationship between the latent variable and
the observed variable, such as the relationship between quality management and quality assurance, as
well as others. The path model addresses the relationship between the latent variables, such as the
relationship between quality management and environmental performance [27,28].

2.2. Fuzzy Analytic Hierarchy Process

FAHP is designed for situations in which ideas, feelings, and emotions affecting the decision
process can be quantified using a numerical scale that prioritizes alternatives [29]. Chang [30] proposed
the extent analysis method, which is the most commonly used method in the set of FAHP applications.
In this method, a fuzzy number is used to quantify the “extent”. In the extent analysis of each object, a
fuzzy synthetic degree value can be obtained based on the fuzzy values. X = (x1, x2, . . . , xn) represents
an element of the alternative as an object set. In addition, the elements of the criteria as a goal set are
represented by U = (u1, u2, . . . , um). Each object is taken, and the extent analysis for each goal, called
gi, is then performed. Consequently, the extent analysis values for each object, m, can be obtained by
solving the Formula (1) [31–33] as follows:
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. . . . . . , Mm
gi

; i “ 1, 2, 3, . . . , n (1)

where Mj
gi is triangular fuzzy number that can be demonstrated by l, m, and u, which are values

in which m represents the most promising value and l and u represent the smallest and the largest
possible values, respectively. All the Mj

gi , j = 1, 2, 3, . . . , m are triangular fuzzy numbers (TFNs).
The steps of Chang’s extent analysis are described as follows [34]:

Step 1: The comparison fuzzy matrix can be represented as [35]:
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The element ramn that is given by
´

al
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¯

represents the comparison of the component m

with the component n. Due to the operational law of fuzzy numbers, the matrix rA can be rewritten by
replacing ramn with the corresponding reciprocal values as [36]:
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Step 2: The value of the fuzzy synthetic extent is defined as follows:
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Step 3: Possibility degree calculation: if ĂM1 “ pa1, b1, c1q, ĂM2 “ pa2, b2, c3q then the possibility
degree of ĂM1 ě ĂM2 that is indicated by V(ĂM1 ě ĂM2) is defined as follows:
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where d is the ordinate of the highest intersection point between µ
rM1

, µ
rM2

(see Figure 1).
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Step 4: The degree of possibility that a convex fuzzy number to be greater than k convex fuzzy
numbers can be defined by:
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for 0 < α ď 1 and all i, j, where i = 1, 2, . . . ,n, j = 1, 2, . . . , n. The a-cut is known to incorporate the
expert’s or decision maker’s confidence over his/her preferences. The degree of satisfaction for the
judgment matrix rA is estimated by the index of optimism µ. A larger value of index µ indicates a
higher degree of optimism. The index of optimism is a linear convex combination defined as:
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When α is fixed, the following matrix can be obtained after setting the index of optimism, µ, to
estimate the degree of satisfaction:

rA “

»

—

—

—

—

—

—

—

—

–

raα
11

raα
21
.
.
.

raα
n1

raα
12

raα
22
.
.
.

raα
n2

. . .

. . .
.
.
.

. . .

raα
1n

raα
n1
.
.
.

raα
nn

fi

ffi

ffi

ffi

ffi

ffi

ffi

ffi

ffi

fl

(18)



Sustainability 2016, 8, 246 6 of 16

The eigenvector is calculated by fixing the l value and identifying the maximal eigenvalue. To
control the results of this method, the consistency ratios (ConRs) of each matrix and the overall
inconsistency of the hierarchy are calculated. ConR is used to directly estimate the consistency of
the pairwise comparisons. If ConR ď 0.1, the level of inconsistency is acceptable. Otherwise, the
inconsistency is high, and the decision maker(s) may need to revise the estimate of the element aij to
obtain better consistency [37,38].

3. The Factors of Environmental Performance Measurement

Based on a study of the previous literature and research, this study summarizes the following
criteria to measure environmental performance. The hypotheses are formulated on the basis of the
criteria obtained as follows.

3.1. Quality Management

To be successful in the global marketplace over the long run, organizations must operate based
on effective quality management principles. Many previous studies have emphasized the need for an
appropriate quality management system to avoid failures in production operations and inappropriate
methods of design, control, implementation and improvement. Quality management in the food
industry is particularly complicated because it involves the complex characteristics of food and their
raw materials resulting from the variability of restricted shelf life. This study adopted the Luning
and Marcelis [39] model of quality management designed for the food industry. Quality management
consists of the following: (1) quality assurance, which addresses setting requirements in the quality
system, evaluating and organizing change and making consumers confident that quality requirements
will be met; (2) quality improvement, a systematic approach to improving a system by paying attention
to structural causes and solutions; (3) quality design as a method to translate the voice of the customer
into the technical requirements of products and processes; (4) quality control as a basic activity of food
quality management to control variation within tolerable levels by taking corrective actions, while
understanding that statistical process control, acceptance sampling, and visual inspection are used in
quality control; and (5) a quality policy that determines long-term quality goals and objectives and
how to achieve the same results through quality systems [40,41].

This section discusses how environmental performance is affected by quality management.
Notably, numerous studies have demonstrated that quality management has positive and significant
effects on environmental performance [1,42–49].

Based on the discussion above, this study develops the following hypotheses to investigate how
quality management influences environmental performance.

H1: Quality management has a positive significant impact on environmental performance.

3.2. Market Orientation

Contemporary customers expect increasingly higher levels of product or service quality than
they have in the past because they have more choices for product/service offerings. It is a great
challenge for businesses to remain competitive by satisfying customers, which is the underlying
philosophy of marketing. Market-oriented organizations typically have a long-term focus related to
profits and to implementing a high degree of market-oriented activities. To grow and survive in a
competitive environment, these organizations must focus on long-term investment strategies that
are important to building market orientation. Market orientation builds on the same foundations as
the market concept, as that concept has three facets: customer orientation, competitor orientation,
and inter-functional coordination. These three facets can be better described as follows: (1) customer
orientation implies that companies must have intensive knowledge and understanding of customer
needs, demands and expectations, which is the underlying philosophy of marketing; (2) competitor
orientation posits that organizations should identify, analyze and use the strengths, weaknesses,
opportunities, and threats of current and future competitors, in addition to focusing on integrated
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marketing, which means that all marketing efforts of the company are in sync and support one another;
and (3) inter-functional coordination, which means that all the departments within a company play a
critical role in satisfying customers, in addition to providing adequate business process and systems
for data input and coordinating the communication of disseminated activities to create value for
the customer. This study defined marketing implementation as market orientation by following the
conception of marketing implementation by Slater and Narver [50].

To understand the relationship between market orientation and environmental performance,
the results of (Charles et al. [51], Kuma et al. [52], Chen et al. [53]) showed that market orientation
has a strong and direct effect on environmental performance. Thus, this study proposes its three
research hypotheses:

H2: Market orientation has a positive, significant impact on environmental performance.

3.3. Innovation Capability

The term innovation capability has been defined in several ways. Lawson and Samson [54]
described it as “the ability to continuously transform knowledge and ideas in new products, processes
and systems for the benefit of the firm and its stakeholders”. Furthermore, innovation capability
is also understood as the implementation or creation of technology as applied to systems, policies,
programs, devices, or services that are new to an organization [55]. For the competitor dimension,
competitors apply the collective knowledge, skills, and resources to innovation activities related to new
products, processes, services or management systems to create and add value for their firms [56,57].
According to the earlier literature, the concept of innovation capability includes three elements:
(1) process innovation, which consists of practices, procedures, and activities that take ideas through
to concepts, then though development to commercialization; (2) knowledge and competency, which
consists of the associated management requirements for knowledge, competencies, and technology;
and (3) organizational support, which is necessary to support the process and knowledge requirements
for innovation. Furthermore, the attributes of innovation capability are considered by (Chiou et al. [45],
Cheng et al. [58], Sezen et al. [59], Ar [60]) as critical factors that influence the effects on environmental
performance. Based on the above, the following research hypothesis is formulated as follows:

H3: Innovation capability has a positive, significant impact on environmental performance.

3.4. Environmental Performance

Numerous studies have been conducted to investigate the effectiveness of the adoption of
environmental management systems. Various assessment methodologies have evaluated the effects of
management systems on environmental performance [5,61]. Furthermore, international standards for
environmental performance evaluation are key elements that are designed to evaluate an organization’s
environmental performance by transforming new data into legible, easily understood information. In
this study, we adopted the environmental performance indicators from ISO14031, which identified
two types of indicators as follows [62,63]: (1) operational performance is an indicator that provides
information about the environmental performance of an organization’s operations, such as materials,
energy, and services, which thus supports the organization’s operations, and (2) environmental
condition is an indicator that provides information regarding the direct effects of the organization’s
operations on the environment, which is particularly difficult to standardize or operationalize as local,
regional, rational or global conditions of the environment. Based on the literature discussed above and
on our hypotheses, a model of relations was formed (Figure 2), which showed the relationship between
quality management, market orientation, and innovation capability on environmental performance.



Sustainability 2016, 8, 246 8 of 16

Sustainability 2016, 8, 246  7 of 15 

transforming new data into legible, easily understood information. In this study, we adopted the environmental 

performance indicators from ISO14031, which identified two types of indicators as follows [62,63]: (1) operational 

performance is an indicator that provides information about the environmental performance of an organization’s 

operations, such as materials, energy, and services, which thus supports the organization’s operations, and (2) 

environmental  condition  is  an  indicator  that  provides  information  regarding  the  direct  effects  of  the 

organization’s operations on the environment, which is particularly difficult to standardize or operationalize as 

local, regional, rational or global conditions of the environment. Based on the literature discussed above and on 

our hypotheses, a model of  relations was  formed  (Figure 2), which  showed  the  relationship between quality 

management, market orientation, and innovation capability on environmental performance. 

Innovation 

Capability 

Quality 

Management 

Market 

Orientation 

Environmental 

Performance 

Quality assurance Quality improvement Quality design Quality control Quality policy 

Customer orientation 

Competitor orientation 

Inter functional 

coordination 

Organizational support Knowledge and competency Process Innovation 

Operation performance 

Environmental 

Condition Indicators 

H1 

H3 

H2 

 

Figure 2. Hypotheses’ framework. 

4. Methodology 

This study integrates SEM and FAHP to investigate criteria and factors affecting environmental performance 

and creates proper criteria to assess environmental performance in Thailand’s food industry. The implementation 

stage of this study is represented in Figure 3. 

Figure 2. Hypotheses’ framework.
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This study integrates SEM and FAHP to investigate criteria and factors affecting environmental
performance and creates proper criteria to assess environmental performance in Thailand’s food
industry. The implementation stage of this study is represented in Figure 3.
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4.1. Structural Equation Modeling Approach

The SEM approach was used to identify the relationship among criteria (latent variables) and
sub-criteria (observed variables) and to test the underlying construct in the proposed model that tests
environmental performance in Thailand’s food industry. The reasons for applying the SEM approach
to identify factors are as follows: (1) SEM is not difficult to use to test the hypotheses and (2) SEM does
not limit the number of variables (i.e., latent variables and observed variables); that is, it can handle
and estimate multivariate relations or indirect effects that are not easily implemented elsewhere [64].
According to Phan and Baird [65], Teo et al. [66], and Innami and Koizumi [64], the SEM analysis
consists of a two-stage process; in addition, these authors (1) assessed measurement models to address
the relationship between an observed variable and a latent variable and (2) evaluated structured
models, emphasizing the relationship between latent constructs and specifying how the constructs
affect one another.

Stage 1: Assessing the measurement model
The first questionnaire was developed to test the hypothesized model. The questionnaire

consisted of 4 sections: (1) quality management, (2) market orientation, (3) innovation capability,
and (4) environmental performance. In total, 70 measurement scale items were employed to evaluate
the proposed model. All the questionnaire items were selected from published literature related
to evaluating environmental performance. A seven-point Likert scale (1 = “strongly disagree” to
7 = “strongly agree”) was employed to measure items for quality management, market orientation,
and innovation capability. Environmental performance was estimated by using a seven-point Likert
scale (1 = “not at all important” to 7 = “extremely important”). The respondents were presidents and
managers in Thailand’s food industries, and these respondents had obtained a green certificate from
the Department of Industrial Work. In gathering data, we employed multiple methods to administer
the quantitative survey research (i.e., a mail survey, an internet survey, and a self-administered
survey). The questionnaires were distributed to 300 food industry firms in Thailand, which resulted
in 178 respondents, for a valid response rate of 59.33 percent. In terms of respondent position,
approximately 88.20 percent of the respondents came from firms with 157 managers, and 11.79 percent
were from firms with 21 chief executive managers.

The reliability and validity of this research instrument was tested to ensure the adequacy
and feasibility of the model. Confirmatory factor analysis was used to evaluate the measurement
model. Further evidence of its reliability and validity are provided in Table 1, which presents the
standard estimate values, Cronbach’s alpha, and average variance extracted scores of different factors’
obtained (AVE), composite reliability (CR), and inter-construct correlation values. The reliabilities
of the individual dimensions ranged from 0.791 to 0.918, which exceeds the recommended level of
0.7 [53,67,68]. The AVE of all the latent variables was greater than the acceptable limit of 0.5, which
further supports the convergent validity of the construct. CR for all the factors was greater than 0.7,
which is acceptable, and the square roots of the AVE values for all the factors are greater than that of
the inter-construct correlations, which supports the discriminant validity of the constructs. In addition,
the measurement model reflects good construct validity [27,28].

Stage 2: Assessing the structural model
The structural model fit using SEM to draw relationships among independent and dependent

variables can be demonstrated, even when a dependent variable becomes an independent variable in
other relationships. SEM is a statistical methodology that takes a confirmatory (i.e., hypothesis-testing)
approach to the analysis of structural theory with the same phenomenon. Typically, this theory
represents a “causal” process that generates observations for multiple variables. The model will be
formulated using three criteria: quality management, market orientation, and innovation capability.
The acceptable standards of goodness-of-fit were as follows: (1) 1.0 < c2{d f < 2.0; (2) Goodness-of-fit
index (GFI) > 0.95; (3) Adjusted goodness-of-fit index (AGFI) > 0.80; (4) Comparative fit index
(CFI) > 0.90; (5) Increment fit index (IFI) > 0.90; and (6) Toot mean square error of approximation
(RMSEA) < 0.10. These items can be aggregated into a composite score for subsequent analysis [27,28].
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Table 1. Measurement model results.

Construct Measurement
Items

Standard
Estimates

Cronbach’s
Alpha AVE CR Inter Construct

Correlation

Environmental
performance

EP1 0.914 0.918
0.716 0.833 0.688EP2 0.772 0.904

Quality
management

QM1 0.563 0.854

0.608 0.884 0.678
QM2 0.851 0.822
QM3 0.842 0.791
QM4 0.775 0.867
QM5 0.830 0.842

Market orientation
MO1 0.828 0.882

0.693 0.731 0.694MO2 0.837 0.882
MO3 0.833 0.811

Innovation
capability

IC1 0.752 0.834
0.607 0.822 0.745IC2 0.766 0.856

IC3 0.818 0.866

4.2. Fuzzy Analytic Hierarchy Approach

Stage 1: Constructing the FAHP questionnaire
The second questionnaire was developed from SEM analysis results for analyzing pair-wiseto

analyze pairwise comparison matrices. We proposed 13 construct items that define three criteria
(quality management, market orientation, and innovation capability) affecting environmental
performance. The sub-criteria consisted of quality design (QM1), quality policy (QM2), quality
assurance (QM3), quality control (QM4), quality improvement (QM5), customer orientation (MO1),
competitor orientation (MO2), inter-function orientation (MO3), process innovation (IC1), knowledge
and competency (IC2), and organizational support (IC3). A nine -point Likert scale was used to
compare among the criteria, and the scale ranged from 1 = “Equally important” to 9 = “Extremely
important”. Self-administered survey and interview completion techniques were used to collect data
from experts in the food industry (i.e., professional and academic), which resulted in 18 experts.

Stage 2: Pairwise comparison matrix
We determined the local weights of the factors and sub-factors using pairwise comparison matrices.

Based on the distribution, the parameters are tocan be determined. In this study, we used triangular
distribution. The TFNs r1 to r9 arewere used to improve the nine-point scaling scheme [32]. The reason
for using TFNs in this study is that they are a suitable tool for formulating decision problems and
modeling decision makers’ vague and incomplete judgments. Moreover, it is easy and convenient for
experts or decision makers to apply and calculate the criteria weight and normalization [32,67–70].
The scales and related TFNs are shown in Table 2.

Table 2. The linguistic scale and corresponding triangular fuzzy numbers.

Fuzzy Number Linguistic Scales Scale of Fuzzy Number

r1 Equally important (1,1,1)
r3 Weakly important (2,3,4)
r5 Essentially important (4,5,6)
r7 Very important (6,7,8)
r9 Absolutely important (7,8,9)

r2, r4, r6, r8 Intermediate values (x ´ 1,x,x + 1)
1{rx Between two adjacent judgments (1/(x + 1),1/x,1/(x ´ 1)

Stage 3: Calculating local weight and global weight
Next, we calculated the global weights for the sub-factors. Global weights are calculated by

multiplying the local weights of the sub-factors by the local weight of the factor to which they belong.
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We calculated the ConR for measuring how consistent the judgments have been relative to large
samples of random judgments. If ConR < 0.1, the judgment is acceptable; otherwise, a comparison
matrix should be established [71].

Stage 4: Arriving at the priority using FAHP
Based on the proposed model, ten factors are affected by environmental performance in the food

industry. Thus, the environmental performance evaluation model EPEM formula can be represented
as follows:

EPEM “ W1F1 ` W2F2 ` W3F3 ` W4F4 ` W5F5 ` W6F6 ` W7F7 ` W8F8 ` W9F9 ` W10F10 ` W11F11 (19)

where W is the relative priority weightage; F is the relative weightage score for factory with respect to
the tenth factor.

5. Results

5.1. SEM Analysis Results

We conducted structural equation modeling experiments to test the hypotheses. The results
suggest that the hypothesized model fit the data well (χ2 “ 176, d f = 156, χ2{d f = 1.128, CFI = 0.997,
IFI > 0.997, and RMSEA = 0.014). Hypotheses 1 predicts that quality management is positively related
to environmental performance. The results in Table 3 support this prediction (p < 0.01). Hypothesis
2 predicts that market orientation is positively related to environmental performance, which is also
supported by the results (p < 0.01). Similarly, Hypothesis 3 predicts that innovation capability is
positively related to environmental performance, and this hypothesis is also supported (p < 0.05).

Table 3. Results for the hypothesis.

Causal Path Hypothesis Point Estimate Hypothesis Support

Quality management Ô Environmental performance H1 0.642 ** Yes
Market orientation Ô Environmental performance H2 0.786 ** Yes

Innovation capability Ô Environmental performance H3 0.491 * Yes

Note: “**” and “*” denote the significance levels of 1% and 5%, respectively.

5.2. FAHP Analysis Results

The pairwise comparison matrices for the second-stage questionnaire were designed based on
the results from the SEM analysis. A total of 18 valid questionnaires were completed and deemed
suitable for FAHP analysis. Pairwise comparison matrices for the sub-factors, along with calculated
local weights, are given in Tables 4–7. The global weights for the aspects and assessment items were
calculated using the FAHP technique, consistency index (CI), and ConR, as shown in Table 8. Experts
are most concerned about quality management, market orientation, and innovation capability, were
most concerned about quality policy and quality assurance in terms of issues that affect environmental
performance. Notably, in the FAHP calculation, all the judgment matrices were iterated to their ConR,
which was less than 0.1. To evaluate and predict environmental performance, we can substitute global
weight results in formula (20) as follows:

EPEM “ 0.269F1 ` 0.163F2 ` 0.15F3 ` 0.108F4 ` 0.097F5 ` 0.067F6 ` 0.053F7 ` 0.034F8 ` 0.027F9`

0.022F10 ` 0.011F11
(20)

Table 4. Local weights and pairwise comparison matrix of factors.

Factors QM MO IC Local Weights

Quality management factors (QM) (1,1,1) (5.096,5.964,6.820) (3.050,3.992,4.892) 0.662
Market orientation factors (MO) (0.147,0.168,0.196) (1,1,1) (2.640,3.595,4.505) 0.225
Innovation capability factors (IC) (1.351,1.418,1.524) (7,8.20,6.690) (1,1,1) 0.113
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Table 5. Local weights and pairwise comparison matrix of market orientation sub-factors.

Factors MO1 MO2 MO3 Local Weights

Customer Orientation (MO1) (1,1,1) (3.372,4.466,5.518) (3.959,5.115,6.195) 0.666
Competitor Orientation (MO2) (0.181,0.224,0.297) (1,1,1) (2.496,3.577,4.619) 0.235

Inter-functional coordination (MO3) (0.161,0.196,0.253) (0.216,0.279,0.401) (1,1,1) 0.099

Table 6. Local weights and pairwise comparison matrix of innovation capability sub-factors.

Factors IC1 IC2 IC3 Local Weights

Process Innovation (IC1) (1,1,1) (0.198,0.241,0.310) (0.171,0.202,0.252) 0.101
Knowledge and competency (IC2) (3.226,4.150,5.044) (1,1,1) (2.448,3.402,4.308) 0.596

Organizational support (IC3) (4.945,4.945,5.865) (0.232,0.294,0.409) (1,1,1) 0.302

Table 7. Local weights and pairwise comparison matrix of quality management sub-factors.

Factors QM1 QM2 QM3 QM4 QM5 Local
weights

Quality Assurance
(QM1) (1,1,1) (2.238,2.893,3.480) (4.423,5.464,6.489) (2.026,2.796,3.492) (0.296,0.373,0.521) 0.163

Quality
Improvement

(QM2)
(0.287,0.346,0.447) (1,1,1) (2.617,3.630,4.568) (2.535,3.618,4.662) (0.161,0.192,0.240) 0.108

Quality Design
(QM3) (0.154,0.183,0.226) (0.219,0.275,0.382) (1,1,1) (0.148,0.176,0.217) (0.132,0.152,0.180) 0.027

Quality Control
(QM4) (0.286,0.358,0.493) (0.214,0.276,0.395) (4.601,5.696,6.746) (1,1,1) (0.499,0.579,0.725) 0.097

Quality Policy
(QM5) (1.919,2.684,3.380) (4.167,5.202,6.224) (5.555,6.565,7.571) (1.379,1.726,2.003) (1,1,1) 0.269

Table 8. Computed global weights for sub-factors, consistency index, and consistency Ratio.

Criteria
Factors

Local
Weights Sub Factors

FAHP
CI CRLocal

Weights
Global

Weights

Quality
Management

(QM)
(0.662)

Quality Assurance (QM1) 0.246 0.163

0.002 0.001
Quality Improvement (QM2) 0.163 0.108

Quality Design (QM3) 0.04 0.027
Quality Control (QM4) 0.146 0.097
Quality Policy (QM5) 0.405 0.269

Market
Orientation

(MO)
(0.225)

Customer Orientation (MO1) 0.666 0.150
0.004 0.007Competitor Orientation (MO2) 0.235 0.053

Inter functional Coordination (MO3) 0.099 0.022

Innovation
Capability

(IC)
(0.113)

Process Innovation (IC1) 0.101 0.011
0.003 0.005Knowledge and Competency (IC2) 0.596 0.067

Organizational Support (IC3) 0.302 0.034

6. Conclusions

Environmental problems have attracted substantial attention in many industries. In particular, the
food industry will be directly affected by environmental impacts. Simultaneously, the food industry
also makes more waste and pollution from all products, from raw material to disposal, and it is much
more difficult to assess environmental performance related to this industry. Thus, the objective of
this study is to investigate the criteria and factors affecting environmental performance and to create
proper criteria to assess environmental performance in Thailand’s food industry. The integrated
SEM and FAHP approach was applied to eliminate uncertainty and ambiguity, which cannot be
assessed with explicit numerical values of environmental performance evaluation. The SEM approach
was employed to understand and identify criteria and sub-criteria that influence environmental
performance and that are suitable to the Thailand food industry context. The FAHP instrument for
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gathering data was developed from SEM results, and then weighted and normalized for priority of
factors. The model proposed that quality policy, quality assurance, knowledge and competency, quality
improvement, quality control, customer orientation, organizational support, competitor orientation,
quality design, process innovation, and inter-function coordination have a relatively strong influence
effect on environmental performance. The relative weighting of the factors that we discussed above
can be used as a reference and to support decision-making by managers or management teams when
monitoring and determining environmental performance scores in their industry. The proposed
model is an alternative way to evaluate method for evaluating environmental performance in the food
industry and also supports the green industry concept that emphasizes sustainable development by
balancing economic, social, innovation and environmental factors.
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