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Cleaner Production, Project Management and Strategic Drivers: An Empirical
Study

Abstract

Cleaner Production is an important means for syateally reducing waste. For its successful
implementation, it is essential to ensure the ¢ffeness of the factors that can influence thiscess,
such as the identification of decision criteria aard effective methodology for managing projects and
implementing strategies to reach expected resdBéised on the relevance of these themes, this mdsear
aims to measure relationships and correlations dmtwconstructs such as Strategic Drivers, Project
Management Maturity and Cleaner Production Sucasmssidering the moderating effect of business
size. A survey of 238 manufacturing companies wseduo test this hypothesis. For data analysis and
interpretation, we used Structural Equation Modglinvhich was implemented using a descriptive
research method. Survey results show relationstigngths and correlations among the constructs,
contributing to Cleaner Production research anaalg managers to make more assertive decisions. As
a main result,this research points to the conclusion that thera tlose relationship among Strategic
Drivers, the Project Management Maturity construaaid Cleaner Production Success, as applied to the
context of Brazilian industries.

Keywords: Cleaner production, Project management, Prodtictwvid competitiveness, Brazil, Structural
equation modeling.

1. Introduction

Cleaner Production (CP) has been an important ma&arsystematically
motivating waste reduction and product reuse. Cécigeved by reducing production
and use of material resources; reducing waste alidtgnt emissions; and developing
products that can easily go through recycling psees.

Historically because the early 1990s, one importastie that managers have
needed to consider is the search for organizatipediormance improvements that
focus on sustainability focus. The challenge cdgsia minimizing environmental
impacts while maintaining market competitivenedse Tse of environmental practices
is an excellent way to achieve these goals. Amohg &lternatives are CP
methodologies that integrate technological, ecosamid environmental strategies into
processes or products to increase the efficiencinmiit and raw material usage by
reducing waste, minimizing or recycling generateabt®, and providing economic and
environmental benefits for organizations (Ported &an Der Linde, 1995; Guimaraes
et al., 2013).

Unlike conventional environmental technologies thiatus on “pipe end”
strategies, CP aims to integrate environmental atibs with industrial production
processes to reduce waste and emissions. Congdspacific environments, CP
contributes to the reduction of waste and toxic gasssions, the optimization of water

and energy use, as well as improvements in thaysafed health of employees. CP



integrates technological, economic and environmgmtacesses, products and services,
aiming for the efficient use of raw materials tchi@wve economic and environmental
benefits (Porter and Van Der Linde, 1995; Kjaerhe2®05; Taylor, 2006; Glavic and
Lukman, 2007). CP can act as a guide to develoaijimplementing sustainability
plans at corporate or regional levels by highlightgood practices and responding to
issues identified by governments and by many industectors (Almeida et al., 2015).

For successful CP implementation, it is essentaldentify and ensure the
effectiveness of factors influencing this proceSsidies by Tseng et al. (2009) and
Guimaraes et al. (2013) highlight decision crit¢B&#&rategic Drivers) for improving the
performance of CP programs. Nevertheless, CP asistategy needs control of its
implementation, and companies are always lookimgniethods to optimize resource
use. In this sense, project management methods irportant aids for the
implementation of corporate strategies.

Moreover, project management (PM) is becoming areesingly important part
of the entire organization management system ass ittonnected to strategic
management and organizational tactics. Note alab vhrious types of public and
private organizational sectors seek to improvertheject management processes for
achieving excellence through maturity developmeminagement (Neverauskas and
Railaite, 2013). In Sanchez (2015) perspective,dAbuld integrate sustainability in the
selection and monitoring stages of projects.

However, in most Brazilian organizations, enviromtadly sustainable practices
and PMM are still poorly exploited and difficult fananagers to understand, mostly
because they are concerned with legal requirentemts environmental laws imposed
by coercive and normative authorities (Severo andn@raes, 2015). In this context,
this study provides an academic perspective on sitenario faced by Brazilian
companies, including such challenges as economisiscrhigh price inflation,
increasing interest rates, and a fragile politiealironment. Importantly, this study
shows that companies can improve performance, ivarcrisis environment, with the
use of PM and CP methods.

For the theoretical basis of the hypotheses ofgtidy, a survey was conducted
in the database Scopus® (Elsevier BV) in June 2iil#e subject area Social Sciences
& Humanities (Environmental Science), searching"#razil" the keyword indicated
the existence of 1,618 articles, this 26 were phiedd in the Journal of Cleaner

Production. Some of these articles show that Bitaas found environmental solutions



through the use of processes and materials cleas@rell as sustainable energy sources
(Milanez and Buhrs, 2009; Agostinho and Ortega,32@chegaray, 2014; Murakami et
al., 2015; Souza et al., 2015; Vahl and Filho, 20Adelster et al., 2016), environmental
management (De Oliveira et al., 2010; Jabbour, 2@Epos, 2012; Jabbour et al.,
2012; Jabbour et al., 2013; Delai and TakahasHi32Dourenco and Branco, 2013; Da
Rosa et al., 2015; Jabbour, 2015) and CP progr@ostd Jr. et al., 2013; Murakami et
al., 2015).

The search in Scopus® showed that although therenany studies in Brazil on
Environmental Science, there is still need for degelopment and publication of new
research on CP programs in organizations, and gheotiother management methods
for implementation CP, as is the case of PM, fdtdbeeconomic and environmental
performance of business activities.

Based on the relevance of these themes, this ofsesims to measure
relationships and correlations among the follonsngstructs: Strategic Drivers (SDR),
Project Management Maturity (PMM) and Cleaner Pobidn Success (CPS),
considering the moderating effect of Business 8rzeelations between the constructs.

This study analyzed 238 Brazilian companies inmtia@ufacturing industry.

2. Resear ch hypothesis
2.1 Srategic Drivers and cleaner production success

Organizations seek to identify factors that cantdoute to the successful
implementation of process improvement programsfaatbrs that have been the focus
of relevant studiesEnvironmental management systems such as ISO 1a@f)14040
(De Oliveira et al., 2010; Campos, 2012; Jabbodit02 2015; Foelster et al., 2016) and
the Cleaner Production are ways to reduce the @mwiental impact of industrial
activity and consumption in emerging markets (Agdsi and Ortega, 2013; Delai and
Takahashi, 2013; Costa Jr. et al., 2013; Louremgb Branco, 2013; Murakami et al.,
2015; Vahl and Filho, 2015).

One of the most important continuous improvememig@ms is the Cleaner
Production methodology, which integrates a techgiold, economic and
environmental strategy to processes and producisctease efficiency in the use of
inputs and raw materials through waste reductienyaling, or elimination of waste
generation. The methodology also provides econ@na environmental benefits for

organizations. In this sense, CP acts preemptitelypromote a holistic view of



resources and production and their influence oneb@nomy and the environment
(Kjaerheim, 2005; Nielsen, 2007; Shin et al., 20B8nilla et al., 2010; Guimaraes et
al., 2013; Jabbour et al., 2013; Souza et al., ROABother important issue is that
environmental practices are directly related to thesitive performance of the
organization (Kassinis and Soteriou, 2003; MolireeAn et al., 2009; Jabbour et al.,
2012; Severo et al., 2015).

To find elements that enhance CP results, Tseal €2009) identified the most
significant factors, based on worldwide criterizattare able to increase the possibility
of success when implementing CP: i) managementesat®rship; ii) strategic plan; iii)
tools and technologies; iv) analysis and proceggonement; v) customer focus. The
factors identified in Tseng et al. (2009) and Gu#es et al. (2013) will be called
Strategic Drivers (SDR), as these are the key al&srfer the support and development
of cleaner production.

Environment is a strategic frontier in which orgaations can act proactively
and develop competitive advantages. However, clsmamgerganizational culture may
face internal and external barriers, especiallylélo& of public policies and availability
of investment capital (Stone, 2006; Shi et al.,, 0Milanez and Buhrs, 2009;
Echegaray, 2014). Clearly there is no 'one-siz=dikt approach to incorporating CP in
sustainability strategies, and each individualtegg can contribute, in one way or
another, to achieving the broader goal of susté&naevelopment (Almeida et al.,
2015).

To attain Cleaner Production Success (CPS), itusia to align management
and leadership, primarily because environmentatiagwuability vision must come from
top management, extending itself through all orgational levels and associating the
program with other tools to soften the impact ablgpems in CP adoption (Hunt and
Auster, 1990; Dobes, 1999; Amundsen, 2000; Tserat),62009).

Tools and CP technologies should support processtts minimal use of
resources, seeking to increase productivity, ammllghbe used to promote the link
between finished products and the recycling ande@i waste, including an attempt to
cooperate for environmental efficiency improvemdiale and Lascelles, 1990;
Getzner, 2002; Tseng et al., 2009; Da Rosa 2@5).

Analysis and process improvement is a key factordaching CPS (Guimaraes
et al., 2013). The success of CP is associated axijinizational performance because

CP is a continuous improvement concept for increpsiprofitability and



competitiveness while protecting the environmemige tonsumer and the worker
(Almeida et al., 2015; Severo et al., 2015; 2016).

Another key factor is that CP must necessarilyddated to customer focus. Its
actions are guided to improve impacts suffered Riereal stakeholders, which
contributes to an organization’s reputation, suppgmarket position maintenance and
long-term survival (Boks and Stevels, 2007; Sewtral., 2015).

As highlighted in the literature, Strategic Drii@D) elements (management
and leadership, strategic plan, tools and techmedpganalysis and process
improvement, and customer focus) have a direct ecand-effect relationship with
Cleaner Production Success (CPS). Note that stumieBale and Lascelles (1990),
Hunt and Auster (1990), Dobes (1999), Amundsen @20Getzner (2002), Boks and
Stevels (2007), Tseng et al. (2009), Guimaraed. €2@13) and Severo et al. (2016)
support the relationship between SD elements anfl. G®wever, these studies use
only a few SD elements combined with some otheofacIn this research, we chose to
group SD elements to generate better analysis @f #ffects on CPS. Based on
previous research and considering the relevancgtrategic Drivers in a company's
performance, we developed the hypothesis H1.

H1: Strategic Drivers are positively related to CledPeduction Success.

2.2 Project management maturity and cleaner production success

The Project Management Institute (PMI) establisheet of good practices for
efficient Project Management. The methodology @ilable in the Project Management
Body of Knowledge (PMBOK, 2013). Nevertheless, BcojManagement (PM) is more
than a set of tools; it is considered to be a tesauiented management method that can
be applied to any project in any sector of the eooyy used to implement strategies and
achieve organizational goals (Gray and Larson, 28Elerauskas and Railaite, 2013).
To assess the effectiveness and dissemination efPtd methodology, the PMI
developed the Organizational Project ManagementuMgat Model (OPM3), an
important tool for measuring the maturity of comigan Other researchers have also
developed assessment methods with variations dfedlesices from OPM3, which was
proposed by Kerzner (2001) and is explored intbs®arch as a basis for assessing the
maturity level of surveyed organizations.

The OPM3 consists of five levels (Kerzner, 200f)tHis study, we chose to use

the second level of maturity, which allows a viefattte PM lifecycle. Berssaneti et al.



(2012) note that, in the second level (Kerzner,120the organization selects which of
the common processes should be defined, operatiedahnd improved such that the
success of a project can be repeated in anothaniaggion. The main features of this
level are i) recognition of the benefits of projetdnagement, ii) organizational support
for all levels, iii) recognition of the need for qumesses and methodologies, iv)
recognition of the need for cost control, and welepment of a training curriculum in
project management.

PM is becoming an increasingly important part ofy aarganizational
management system as it is linked to strategictaatical organization (Neverauskas
and Railaite, 2013). The study by Marcelino-Sadetbal. (2015) shows that there is a
lack of integration between sustainability and pocbjmanagement. Organizations are
currently increasingly keen to include sustain&pilin their business. Project
management can help make this process a succdsd#flblwguidance is available on
how to apply sustainability to specific project®r Hseng et al. (2009) and Guimaraes
et al. (2013), the success of CP is related tartigementation of efficient practices,
people involvement and resource optimization.

Note that studies by Rydberg (1995), Clark et 2000), Schliephake et al.
(2009), Zeng et al. (2010), Cabello Eras et al1®0Van Hoof and Lyon (2013) and
Guimaraes et al. (2014) found a relationship betwe®& and CP. Considering all
different dimensions of PMM and its complexity lésjewe can assume that PMM
positively influences Cleaner Production succdssthis sense, we propose hypothesis
H2.

H2: Project Management Maturity is positively relatedCleaner Production

Success.

2.3. Project management maturity and Strategic Drivers

Research by Killen et al. (2012) reviewed an extensumber of empirical and
conceptual studies. Most of these studies asso&dewith strategic theories of
Resource-Based View, Dynamic Capabilities, and Aftscge Capacity. In addition, the
use of these theories integrates this paper wabareh in other disciplines that draw
upon these theories. Killen et al. (2012) show hsivategic management theories
provide well-studied and debated frameworks anchotilogies that can be adopted or
adapted for use in a PM context. The authors stighas PM can interact with and

enhance other areas of knowledge and strategicgearent.



Projects using OPM3 must consider factors relabesustainability at the time
of portfolio composition. The main factors are thevelopment management process
for new products (Brook and Pagnanelli, 2014),dblkection process for new suppliers
(Lin et al., 2015) and the implementation of newagasses, as well as the CP projects
(Severo et al., 2015).

PM can be used for selecting portfolios and moimitprprojects (Sanchez,
2015), considering the dimensions of sustainabtiig Triple Bottom Line): economic,
social and environmental (Elkington, 1997). Portfaelection allows for the selection
of the better mix of projects based on the simeltars analysis of eco-impacts and
contributions to organizational goals. Project nwammg aims to control project
realization and determine adjustments that emergen fdeviations from initial
estimations (Sanchez, 2015). Increasing awarenessisiness and socio-ecological
impacts related to society’s use of materials thiger of new management practices
(Lindahl et al., 2014), which can occur by managafigctive projects (Dorion et al.,
2015), as is the case with Cleaner Production pi®je

Economic and environmental benefits provided to gamnes through CP (Zeng
et al., 2010; Jabbour et al., 2013; Van Hoof, 2@¥3) be considered results of reduced
resource consumption and reduction of waste emmssiohich enables sustainable
development (Robért, 2000; Severo et al., 2015nfataes et al., 2015). However, for
CP implementation, as well as other business giegeit is essential to: i) identify and
enhance factors leading to strategy success (§icddzivers), considering the CP case
(Tseng et al., 2009) and ii) use a Project Managénmeethodology for strategy
implementation that considers using control gatesl all-stage implementation
monitoring (Gray and Larson, 2011; Dorion et alQl2®). Still, for a successful
implementation of effective strategies, evaluat@nPM maturity is recommended
(Kerzner, 2001; Neverauskas and Railaite, 2013).

Several factors can influence the implementatiofCBf projects. Inadequacies
can occur in changes of management processes, witlktlde changes in leadership,
strategic vision, process of processes improvemaedt customer orientation (Stone,
2006; Tseng et al., 2009; Zeng, 2010; Guimaraeal.e2013). However, resources
should be allocated and managed to optimize thssr In this sense, Kerzner (2001),
Gray and Larson (2011), Neverauskas and Railaidd3R proposed the use of the
project management methodology based on PMBOK (Rfakt3he implementation of

complex programs that require resources that ausmabke to the organization. In the



literature, we note that there is no direct caufsfe relationship between CPS and
PMM; however, there is evidence that these mayebsad because PMM is manager
and project potentiator, while CP requires effextimanagement, especially in the
implementation phase. In this context of featuned drivers for strategy selection, we
developed hypothesis H3.

H3: Strategic Drivers are correlated with Project Mgeraent Maturity.

2.4. Company Sze

Organizations have significant differences relatedresource and structure
availability that can influence organizational penhance results. It is expected that
larger companies will have a more complex admiaiste structure with well-defined
divisions, which allows for accurate control of oy projects, while smaller
businesses will have a much simpler structure, witbre multifunctional workers,
compromising project control through lack of exsert

Studies by Trail and Meulenberg (2002), Avermaetale(2004), Triguero et.
al. (2013), and Roder et al. (2000) show that tkae sf the company can interfere
directly with the results of implementation of irvabive projects (considering that
larger companies have more resources), but thadeestshow that smaller companies
can also have success in innovative projects. Basdbe literature, this study assumes
that firm size may moderate the cause-and-efféatioaship between the constructs.

A variable with a moderating effect is one thateaf§ the direction and/or
strength of the relationship between two other aldes (Baron and Kenny, 1986).
Sharma et al. (1981) state that the use of muititaanalysis of "moderation” can be
applied when the researcher is interested in itjemgi how the structural model is
adjusted in different pre-established groups anatwdifferences exist in regression
coefficients, depending on moderator value. Shaemal. (1981) and Byrne (2010)
explain that the moderation occurs when one vaiadfects the strength of the
relationship between two constructs, which can leasuared by ANOVA or by the
analysis of multi-groups models (structural equatizodeling).

This research investigates the moderation effectralations among the
constructs, considering company size. Therefore, shmple was divided into two
groups according to the criteria found in Braziliegislation, which considers the
company’s annual revenues in local currency (thazilan real). Group 1 consists of

microenterprises with annual revenues up to R$860dand and small enterprises with



annual revenues between R$360 thousand and R$di6nmBrazil, 2007), called
Micro and Small Enterprises (MSEs). Group 2 includeedium-sized enterprises with
annual revenues between R$3.6 million and R$300omjland large enterprises with
annual revenues of R$300 million and above (Br&4l, 1), called Medium and Large
Enterprises (MLES).

Considering differences between companies’ sizes,developed hypothesis
H4: company size (MSEs and MLEs) has a moderatffecteon Strategic Drivers,
Project Management Maturity and Cleaner ProductBuctcess. Hypothesibl4 is
assessed by SEM and was divided into two plids: Company size has a moderating
effect on the relationship between Strategic Devand Cleaner Production Success;
H4b: Company size has a moderating effect on the oelsliip between Project
Management Maturity and Cleaner Production SuccHss.theoretical framework as

well as the hypothesis and its consequences avensind=ig. 1.

Company Size
i

H4a

Strategic

Drivers

Production
Success

e e i e

Project
Management
Maturity

Fig. 1. Hypothesis model

3. Methodology

This research was conducted through a survey of B2&ilian processing
companies, including micro and small organizatiomish annual revenues up to R$3.6
million) as well as medium and large enterprisegh(\annual revenues above R$3.6
million). For data analysis and interpretation, w&ed structural equation modeling
(SEM), conducted through a descriptive researchhatetData collection took place by

telephone using a questionnaire (see Table 1), hwhias developed based on the



10

literature: Issues related to the Strategic Driwensstruct were based on research found
in Tseng et al. (2009) and Guimaraes et al. (20E8y. the Project Management
Maturity construct (PMM), we adapted the premisé¥erzner (2001). The Cleaner
Production Success construct was based on resegrc®evero et al. (2015). The
questionnaire was administered with managers inte8dger through November, 2014.
The answers contained a degree of agreement agreesaent using a 5-point Likert
scale, which offered the following choices: 1 =osgly disagree; 2 = disagree; 3 =
neither disagree or agree; 4 = agree; and 5 =@iragree.

The company selection criteria included convenieara# access to the company
rather than random selection. This conveniencerarit for selection was used in place
of random selection because we needed the pattaipacceptance of companies. Not
all the invited companies agreed to answer theesurVhe convenience criterion does
not allow for obtaining a probabilistic sample, evethe number of respondents meets
all criteria of significance. As a result, it istn@ossible to generalize the results to the
total population of companies in the industrialteec

In addition, the selection was conducted by seaccimdustrial entries in the
states of Rio Grande do Sul and Rio de Janeirord§ie2014; Firjan, 2014) and
identifying organizational websites that presergadironmental management practices
related to CP. Subsequent phone contact confirthadthe companies used the CP
methodology and PM. Initially, we created a longt Icontaining 647 companies
(companies to which we send the questionnaire ma#). In the end, 252 companies
answered the questionnaires regarding the use chiRMCP. To validate questionnaire
understanding, a pretest was conducted, considarsgmple of 36 companies among
the 252. Each of the 36 companies was then includéee final sample (252) because

none of them showed any difficulties in answerimng questions.

Tablel

Factorial loads of observed variables — Varimaxafon

Observable variables® Load® Constructs

SDR1) Management and leadership: The company has amahi@rganization
that is supported by a formal governance strucnckleadership, and that
defines the hierarchical relations and decisionim@gower. Such
management and leadership are fundamental to doessiof CP projects.

0.904
Strategic

Drivers

SDR 2) Strategic Plan: The company has a strategic leng-plan monitored 0.708 (SDR)

by indicators, which significantly contributes teetsuccess of CP projects.

SDR 3) Customer focus: The company has, as an organietiuideline, a

customer focus to determine internal actions inptteeluction processes and 0.784
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products that cater to customer demand with retgaeshvironmental
expectations, contributing to the success of Cepts.

SDR 4) Tools and Technologies: The company often usesemqaroduction
technologies and materials that cause less impdbetenvironment, provides
resources for production operators to reduce copsamof resources (water, 0.756
raw materials and energy). This last decision rssered an operational

decision that is in line with the environmentabstgies of the company.

SDR 5) Process analysis and continuous improvement: Tirgpany has a
method for the periodic assessment of earningsraatavith CP
implementation as well as specific analysis of garciject, using indicators to
monitor resource consumption per product, emissfgollutants in the month,
waste production (waste and scrap) per unit of@yfnancial gains from
implementation of new CP projects and waste didgostype.

0.861

Construct® Mean 3.5; Standard Deviation 1.222; Cronbalfa 0.910; KMO 0.774

PMM 1) Embryonic: My company and managers at all levéth®
organization recognize the need for project managengiven the potential
benefits to be achieved through the implementaifcthis methodology. Our
managers have recognized or identified applicatidmsoject management in
various divisions of our enterprise, as well aoggized what needs to be dor
to reach maturity in PM.

0.815

PMM 2) Acceptance - Top management: Our managers hawvkkgmaviedge
of the PM principles, support the project managertt@ough lectures, course:
articles and even the occasional presence at mysetimd presentations by the
project team. Managers understand the concepspbresibility, act as
sponsors on certain projects and have shown wilksg to change the
traditional way of doing business to reach maturiti?M.

0.850

PMM 3) Acceptance - Management: Our middle level andatjmral manager:
have been trained and instructed in PM. They anentitted to PM and in
compliance with deadlines for goal completion; théso support the PM
process and are willing to release their stafffbt training.

0.742

PMM4) Growth: My company or department has an easilgtitiable PM
methodology that uses the concept of stages dif¢heycle of a project. It also

uses a PM supporting software. The company or tiepat remains committec 0.807
to early planning to reach specified quality leaatsl does its best to minimize

scope deviations during the projects.

PM M 5) Maturity: My company has a system to manage bogh and project
schedule regarding variation control when compapilagned objectives and
follow-up reports. The company has developed aggptajpanagement 0.801
curriculum to improve the skills of our employea$PiM and considers PM to

be a professional function.

Construct® Mean 3.3; Standard Deviation 1.322; Cronbalfh 0.901; KMO 0.875

Project
Management
Maturity
(PMM)

CPS1) Cleaner Production Success (organizational pedaom): The compan)
agrees that Cleaner Production projects are redgerisr production capacity 0.857
increases.

CPS 2) Cleaner Production Success (organizational pedoo®): The
company agrees that Cleaner Production projecteeaponsible for productior 0.868
flexibility increases.

CPS 3) Cleaner Production Success (organizational pedoo®): The
company agrees that Cleaner Production projecteeaponsible for productior 0.809
cost reduction.

CPS 4) Cleaner Production Success (organizational pedoo®): The
company agrees that Cleaner Production projects hamajor role in 0.627
improving workers’ safety and health.

Construct® Mean 3.8; Standard Deviation 1.035; CronbAtfa 0.839; KMO 0.791

Cleaner
Production
Success
(CPS)

#We used a 5-point Likert scale: 1 = strongly disag2 = disagree; 3 = neither disagree or agree;

4 = agree; 5 = strongly agree.
® SPSS report.
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The SEM methodology was used for both analysis dath interpretation,
supported by PM and CP literature research. Acogrth Kline (2005) and Fabrigar et
al. (2010), SEM uses several combined techniquek arset of methodological
procedures for statistical analysis, enabling siamdous testing of dependency
relationships and intensity measurement of tholsgioaships. The data collection used
a spreadsheet, which prevented non-response. Regdh® statistical data treatment
process, we used the software SPSS version 21 foidalWs®, and the SEM
methodology was systematized using the software &&O/ersion 21, coupled to
SPSS, as well as data recording using a spreadséeeloped in Excel® software for
Windows®.

4. Results

The information collected from the 252 surveyedegmises passed through a
cleaning process in which 14 questionnaires werasidered outliers. These
questionnaires were eliminated from the researcbsti;n because they presented
several equal answers. Following the recommendafiomnd in Kline (2005) and Hair
et al. (2007) for univariate outlier analysis, weed the z score calculations, which
resulted in values smaller than 3,3 for each vé&iagbuch findings are considered to be
evidence that there are no univariate outliers. Tihal sample consists of 238
companies, with 175 (73.5%) Micro and Small Entegs, and 63 (26.5%) Medium
and Large Enterprises.

After data cleaning, we used Exploratory FactoAahlysis (EFA), using the
Varimax rotation, to group the data on factors @tnrcts). The set of data from this
study resulted in three constructs (Table 2) wtM3% of the variability explanation,
which shows solid construct consistency. Factoialds from observable variables
were higher than 0.5 as recommended by Hair €2@07). Table 2 shows results for
the integrated model in which the Average VariaBogracted (AVE) of constructs
showed values greater than 0.7 (which is highen tth@ recommended value) and
Discriminant Validity (DV) presented values loweah AVE, allowing data acceptance
from validity composite analysis.

Dataset confidence was assessed via each const@ahbach Alfa (Table 1),
which is worth 0.911. Hair et al. (2007) recommahdalues above 0.7. The average
responses (SDR = 3.5; PMM = 3.3; CPS = 3.8) dematestthe concordance of

guestioned statements, which supports the existeoicesurveyed factors in
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organizations. In Bartlett's test of sphericity,ethKaiser-Meyer-Olkin Measure of
Sampling Adequacy (KMO) showed values greater th&n(SDR = 0.774; PMM =
0.875; CPS = 0.791), which shows EFA feasibilityiri§, 2005; Hair et al., 2007). To
identify dataset normality, we carried out kurtogislex assessment using Mardia’s
coefficient technique. The value obtained was lowlan 5, which follows the
recommendations of Mardia (1971) and Bentler (19%90)further evaluate normality,
we analyzed Pearson’s coefficients of asymmetigyltiag in values near zero, which

indicates moderate asymmetry according to Klin@%@&nd Hair et al. (2007).

Table2
Convergent validity and discriminant validity —egrated model
Strategic Drivers Project Cleane_r
Constructs (SDR) M an_agement Production
Maturity (PMM) Success (CPS)
Strategic Drivers (SDR) 0.770
Project Management Maturity (PMM) 0.559 0.707
Cleaner Production Success (SPL) 0.392 0.428 0.770

#Average Variance Extracted (AVE) — Convergent V&lidCV).
P Construct Correlation — Discriminant Validity (DV)

Pearson’s correlation analysis showed correlatadresre 0.8 (CPL1 <--> CPL4
0.817; CPI1 <--> CPI5 0.810), indicating the existe of multicollinearity between
variables, which means that these variables stailst share the contribution to the
construct and one of them can be eliminated. Negkss, we considered it essential to
keep these variables in the survey for furtherysisland understanding of the elements
that make up each construct. Some variables hadlaton values less than 0.5 (SPL4
<--> SPL1 0.480; SPL4 <--> SPL2 0.417; SPL4 <--3.3P.458), which shows low
correlation between the variables, but we decidedkéep them in the analysis,
considering that the criterion of factor loading&aljle 1) are above recommended
values (0.5).

EFA tests, confidence and correlation allow scatel @onstruct validation
comprising the theoretical model (Fig. 1). Integchimodel analysis (which measures
constructs’ correlations) considered the modelttinfi indexes and the statistical
significance of estimated coefficients. Covariaran@d correlation hypothesis tests
(Table 3) show results that indicate significantrelations for the estimate coefficient
(EC), standardized coefficient (SC), standard d@na(SD) and critical ratio (CR)
indexes and do not consider the moderating effecompany size.
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The AMOS software, which assesses the integrateteh{big. 2), showed that,
together, all observable variables resulted in &aradge Extracted Variance (AEV) of
0.796, which is higher than the recommended vatu@ 7). The KMO value of 0.869 is
higher than the recommended value (0.5); the Badf#hericity test showed the value
2325.614 (p <0.001); composite reliability (CR) wled a value of 0.987, which is
above the recommended 0.5. Taking in consideratierpremises of Hair et al. (2007)
and Mar6co (2010), the results of AEV and CR confihat the observed variables are
consistent. In addition, Chi-square (414.3) dividsddegrees of freedom (222) is 1.9,
which is less than 5.0 and thus consistent withakar(1993).

Integrated model (Fig. 2) results show model adegb&cause these results are
within or very close to bounds recommended by Haial. (2007) and Kline (2005).
Among those indexes is the Comparative Fit Inde&x~+(0.911), Normed Fit Index —
NFI (0.956), Goodness of Fit Index — GFI (0.8984 akdjusted Goodness of Fit —
AGFI (0.856), with all of these values being higtigan or close to the recommended
0.9. In addition, the Root Mean Squared Error opfaximation — RMSEA (0.043) is
within the suggested limits of 0.05 to 0.08.

The moderating effect of company size with regardSDR, PMM and CPS
(Hypothesis H4a and H4b) was tested using the SEMi-group technique and
ANOVA, which created two groups based on annualaded revenues: i) Micro and
Small Enterprises (MSESs); and ii) Medium and Lafgeerprises (MLES).

Table3
Hypothesis test (Covariance and Correlation) —girateed model.

Estimate Standardized Standard Critical

Constructs Coefficient Coefficient Deviation Ratio vaPIL-Je
(EC) (SC) (SD) (CR)
Cleaner Strategic
Production <--- Drivers (SDR) 0.235 0.118 0.039 2.997 rxk
Success (CPS
Project
Cleaner Management
Production <--- . 0.293 0.181 0.054 3.372 rxk
Success (CPS Maturity
’ (PMM)
Project
Dri\f‘e”r";‘tﬁsggm <> Mi‘/l”;gfigem 0.563 0.562 0.008 7009  *x
(PMM)

2Correlation constructs indexes.
***Significance level p < 0,001.

Table 4 shows the results of testing for hypothéglshypothesis, which was
split into H4a and H4b. The results show that comypsize directly interferes with the
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estimate coefficient (EC) and standardized coeffiti(SC) with construct relations
(CPS<---SDR; CPS<---PMM; SDR<-->PMM). In additioan ANOVA calculation

identified a significantly different behavior betererespondent groups (X2 difference)

and the relationship between CPS <--- SDR and letw€PS <--- PMM has a
significance level of p <0.001, and correlation CGRE> MPG shows a significance of

p> 0.05. These results confirm the hypothesis H4.

@ @ @

1.04 0.57 0.50 0.63 0.64

2 s |
Company Size
1.02 \0.75 \0.78 |0.80 /0.80
1

Sig. Sig.

Strategic
Drivers

Cleaner
Production
Success

1
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
1
1
A

Project
Management

P‘\A'_\JII H PMM2 PMM3 H PMM4 H PMM5

0.82 f[:Sl 0.72 0.87 £81

Fig. 2. Integrated model — Standardized Regression Weights

Table4
Hypothesis test — Company size comparison.
| ntear ated Micro and Medium and
€9 Small Large *Difference
Constructs model . ; 2
Enterprises Enterprises X
(MSEs) (MLEs)
EC SC EC SC EC SC Sig.
Cleaner .
Production St(ateg|c
<--- Drivers 0.235 0.118 0.207 0.104 0.300 0.168 0.000%
Success (SDR)
(CPS)
Cleaner Project
Production ___ Management  5q3 181 0257 0.168 0.408 0.257  0.000°
Success Maturity
(CPS) (PMM)
Strategic MarI:arlojeGr%tent
Drivers <--> ge 0.563 0.562 0.520 0.519 0.422 0.236 0.011°
(SDR) Maturity
(PMM)

*ANOVA results between groups (MSEs and MLES).
2 Significance level p<0.001.
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® significance level p<0.05.

In addition to the above analyses, we analyzedribéerating effect of business
size on the correlation between the constructs BL Gnd MGP. Although this
assessment is not part of the hypothesis for tbgearch, results show that the
correlation between CPL <--> MPG interfered in thtées of EC and SC, showing a
significant difference between the results of the@ tgroups based on company size
(MSEs and MLEs). The ANOVA calculation identifiedysificantly different behavior
between the groups Exdifference) in the correlation of SDR <--> PMM, thvia
significance level of p>0.05, which is within actaipe parameters statistically.

Note that the survey found the moderating effectahpany size between the
constructs; thus, smaller companies have poorectsties, which affects the results of
CP implementation. Nevertheless, this research stibat such a fact can be avoided
using the PM method. Other results of this reseataw that there is a strong and
significant relationship between SDR --> CPS andMPM> CPS, and a correlation

between SDR <--> PMM, which reinforces some prexépmind in the literature.

5. Discussion

Hypothesis test (EC and SC) based on the modetldtiea (Fig. 1) expressed in
Table 3 show that the results are statisticallyificant, so the hypotheses H1, H2, H3
and H4 (H4a, H4b) were confirmed, regarding positrelationships among the
constructs.

The hypothesis H1 (Strategic Drivers are positiveblated to Cleaner
Production Success), resulted in the EC=0.235 a@d0918, showing that this
relationship is relevant, which are supported bgeaech Amundsen (2000), Getzner
(2002), Boks and Stevels (2007), Tseng et al. (@68 Guimaraes et al. (2013) which
identified that the SDR elements (leadership andagament, strategic plan, tools and
technologies, analysis and process improvement, custbmer focus) can cause a
positive effect on innovations such as the CPS.

The results of EC=0293 and SC=0.181 of hypothe&qPfoject Management
Maturity is positively related to Cleaner Produnti®uccess) are statistically significant
and increase the findings of studies of Tseng.e2809) and Guimaraes et al. (2013)
on the need to implement efficient practices in menagement of CP projects, with

people Involvement and resource optimization. Asadies by Rydberg (1995), Clark
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et al. (2009), Schliephake et al. (2009), Zengle{2®10), Cabello Eras et al. (2013)
and Van Hoof and Lyon (2013) explain the resultsha$ research, since the proper
management of resources, through the PMM can tiréctiuence theresults of
projects such as the implementation of CP.

Studies Tseng et al. (2009) identified the facteeding to success strategy
(Strategic drivers), as well as Gray and Larsonl{20and Dorion et al. (2015)
highlighted the need for Project Management metloggyo to use for strategy
implementation, which reinforces the results (EG88.and SC=0.562) the hypothesis
H3 (Strategic Drivers are correlated with Projecrdgement Maturity).

The hypotheses H4a (Company size has a moderdfaw en the relationship
between SDR and CPS) and H4b (Company size has deratmg effect on the
relationship between PMM and CPS), were confirmaeded on the results of the
ANOVA and different values of EC and SC (Tableebmparing the MSEs and MLEs.
These results contribute to the studies of Trail Bieulenberg (2002), Avermaete et al.
(2004), Triguero et. al. (2013), and Roder et aD0Q) show que the size of the
company can interfere directly with the results infplementation of innovative
projects, as this research has proved that theemmatation of CP has different
relationships in MSEs and MLEs.

Note that the relationship between CPS<---SDR ghéri in MLEs (EC=0.300
and SC=0.168)) compared to MSEs (EC=0.207 and S04pas well as the results of
the measurement of relation CPS<---SDR which iénign MLEs (EC=0.408 and
SC=0.257) compared to MSEs (EC=0.257 and SC=0.148¢h reinforces the concept
that larger companies have more resources and amagad better because They have a
specialized structure in departments.

The results of the correlation between SDR<->PMMiclv shows that the
MSEs is greater (EC=0.520 and SC=0.519) compardéd MiLEs (EC=0.422 and
SC=0.236) show that the use of methods project geanant can significantly improve
the results of the use of strategic resources, avemall companies that have a more
simplified formal structure. This is to improve teé#ficiency and productivity of the
company, the rational use of strategic resources.

In addition, the study of the moderating effectcoimpany size between the
constructs (SDR, PMM, CPS), applied in this prosidelvances research in statistical
validation metrics, which can be used in furthesesrch and provide managers with

important tools needed for CP projects.
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6. Conclusion

The paper measured relationships between SDR, G&PBMM, considering the
moderating effect of company size. Studied comEsi®wed a significant relationship
between SDR and CPS, supporting hypothesis H1,edlsas a relationship between
PMM and CPS, which supports hypothesis H2.

Assumptions made by Tseng et al. (2009) and Guiesadi al. (2013) with
regard to the Strategic Drivers that can deterntimeesuccess of Cleaner Production
were investigated in this study and showed themeselo be relevant. Although the
studies by Tseng et al. (2009) and Guimarées dR@l3) have different goals and
analysis techniques that differ from this reseaveh,note that the results of this paper
reinforce the need for companies to establishegjratfactors for the optimum success
of the CP. In addition, using the project managemeethodology proposed by Kerzner
(2001), Gray and Larson (2011) and Neverauskas Rauthite (2013) contributed
significantly to helping surveyed companies to achi greater effectiveness in CP
program implementation.

The main contribution of this research is the aomdition of hypothesis H3,
which leads to the conclusion that there is a cleta&tionship between the SDR and
PMM constructs. This finding raises a new reseanaa for CP because identifying
which project management systems interact posytiwath the CP decision factors can
contribute to the assertiveness of CP managemaahsc

Hypothesis H4 (H4a, H4b) was considered confirnfedugh measurement of
the moderating effect of company size. In this aesle, we found that the largest
companies (MLEs), with complex and specialized citmes, leverage results of CP
implementation using SDR and PMM. Table 5 summarittee research hypotheses

confirmed in this study.

Table5
Research Hypotheses
Hypothesis Description Confirmation
H1 Strategic Drivers are positively related to CleaPmyduction Success Confirmed
H2 Project Management Maturity is positively relatedieaner Production Confirmed
Success
H3 Strategic Drivers are correlated with Project Maragnt Maturity Confirmed
H4a Company size has a moderating effect on tlaioakhip between '
H4a . . . Confirmed
Strategic Drivers and Cleaner Production Success
H4b Company size has a moderating effect on tregioakship betweer '
H4b Project Management Maturity and Cleaner Produciioocess Confirmed
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This study has limitations related to the abilibygeneralize the results, even
with the methodological strictness that SEM advesatThe results contribute to
scientific research, however, statistically sigrafit research would require a larger
sample, so we suggest that more quantitative stugkeconducted concerning other
segments of the economy and comparisons with cthertries.

Regarding academic implications, this study presemtframework for the
analysis of SDR, CPS and PMM, constructs that cbeldsed by other researchers and
applied to different sectors and countries; thusngarisons could be made with the
Brazilian case, supporting discussions in theditge as companies demand means to
analyze these constructs. In this context, the eaoaxdcommunity and professionals
from related fields will have metrics that are neltated only to financial indicators, as
many companies in Brazil, especially small and mmedsized companies, do not allow
disclosure of financial and property information.

We also highlight that this study refers to the erating effect of company size
on the correlation between SDR and PMM, which shibgignificant differences, and
that MSEs had lower rates than MLEs, which may X@aened by the administrative
expertise of MLEs. Still, MSEs show a significartrrelation, which reinforces the

academic importance of this study.
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