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Abstract: The purpose of this paper is to analyse the link between the adoption of sustainability
practices and new product development (NPD) in manufacturing companies. From a triple bottom
line (TBL) perspective and considering different theoretical approaches, this study hypothesises on
the effect of both internal and external sustainability practices, distinguishing between collaborative
and controlling initiatives, on the success of new products. Using a unique database of 281 companies
across three industries taken from the fourth round of the High-Performance Manufacturing project,
the findings shows that both monitoring and collaborative actions with suppliers demonstrate
positive impacts on NPD success. Internal sustainability practices do not have a direct effect on NPD
success but are determinant in supporting external sustainability practices.

Keywords: internal sustainability practices; external sustainability practices; new product develop-
ment success; monitoring; collaboration

1. Introduction

Sustainability has been considered as being significant in creation of competitive
advantage and as a driver of innovation for manufacturing firms (Claudy et al. 2016;
Nidumolu et al. 2009). Companies are becoming more aware of the importance of sustain-
ability and are increasingly incorporating the features of sustainable businesses into their
corporate and operation strategies (Paulraj et al. 2017). Driven from popular notion of triple
bottom line perspective (people, planet and profit) of Elkington (1998), sustainability is
considered as taking simultaneously responsible approaches towards society, environment,
and economy (Adams et al. 2016).

Literature in the field have identified that innovation practices among the supply
chain helps companies to achieve sustainability (Lintukangas et al. 2019). Firms with
a higher level of sustainability orientation are more likely to implement sustainability-
oriented innovation (Adams et al. 2016; Claudy et al. 2016). In this context, new product
development (NPD) is a determinant for a company’s success and integrating their supplier-
related sustainability practices into the early stages of NPD is key to improving both
sustainability and operational performance of new products (Gmelin and Seuring 2014;
Jabbour et al. 2015).

Nevertheless, prior evidence bridging between innovation and NPD with sustain-
ability in operations management, has analysed the association of sustainably-oriented
innovations and innovation outcomes, considering the role of mediating factors such as
organisational leadership, culture, market knowledge competences, and customer focus
regarding this association (Claudy et al. 2016; Jin et al. 2019; Obal et al. 2020). In this context,
many other studies sought to develop a systematic approach to sustainable new products
(Ahmad et al. 2018; Tuli and Shankar 2015), suggesting tools and mechanism to link sus-
tainability with NPD, such as environmental or eco-design, eco-innovation, recyclability,
and lean thinking (Nepal et al. 2011; Oliveira et al. 2018; Rossi et al. 2016). However, to our
knowledge, very few empirical studies have attempted to explore any links between the

Adm. Sci. 2021, 11, 115. https://doi.org/10.3390/admsci11040115 https://www.mdpi.com/journal/admsci

https://www.mdpi.com/journal/admsci
https://www.mdpi.com
https://orcid.org/0000-0002-0711-1331
https://doi.org/10.3390/admsci11040115
https://doi.org/10.3390/admsci11040115
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/admsci11040115
https://www.mdpi.com/journal/admsci
https://www.mdpi.com/article/10.3390/admsci11040115?type=check_update&version=1


Adm. Sci. 2021, 11, 115 2 of 20

adoption of sustainability practices from a broad perspective, considering both internal
and external and the association between them, to explain NPD success. This confirms that
sustainability orientation and NPD is still one of the least understood areas in sustainability
management (Cheng 2020; Claudy et al. 2016), with very limited empirical evidences
(Adams et al. 2016; Neutzling et al. 2018). Sustainability and NPD are in the core of success
for manufacturing companies nowadays and therefore, advancing in the knowledge on
how both things interact is on great importance (Hallstedt et al. 2013; Lintukangas et al. 2019).

This study aims to shed new light on the abovementioned issue by analysing how
and to what extent a firm’s sustainability practices affect the success of its NPD. For this
purpose, sustainability practices are grouped into internal sustainability practices and
external sustainability practices. Internal practices are those sustainability practices that
are applied to the firm’s internal operations, while external practices are those that are
implemented beyond the boundaries of the firm, particularly with suppliers (Laari et al.
2016; Sancha et al. 2019). These practices typically require a certain level of cooperation
with, and monitoring of, close supply chain actors (Danese et al. 2019). In addition, NPD
success is classified to external and internal measures. Internal measure refers to the
development process including time, quality, and other technical aspects of the product
while the external success measure refers mostly to the non-technical dimensions including
customer satisfaction and financial issues (García et al. 2008). As such, the expected effects
of adopting these practices on NPD success are neither immediate nor intuitive.

The objective is to advance the understanding on the topic considering the existence
of trade-offs between different strategies (e.g., monitoring vs. collaboration) and the
difficulties that NPD managers face in balancing sustainability targets with the demands of
supply chain actors and external pressures (Claudy et al. 2016). Hence, the theoretical part
of the paper develops three sets of hypotheses that take advantage of statements of natural
resource-based view (NRBV) theory, social capital theory, and transaction cost theory which
help to understand the link between sustainability and NPD. The SmartPLS approach is
used to test the hypothesised relationships. The data used comes from the fourth round of
the High-Performance Manufacturing project and includes a total of 281 interviews across
three industries in 16 countries.

This study contributes to the literature in several ways. First, it contributes to the
debate on how manufacturing firms can improve the success of their new products. Our
study advances these research streams by proposing how a buying firm could enhance NPD
success through investing on sustainability issues in their operational process under NRBV
theoretical perspective as well as extending the requirements to their supply chain through
sustainability-related practices with suppliers under social capital and transactional cost
theoretical frameworks. We seek to facilitate the exchange between these three perspectives
by highlighting how they complement and support each other.

Second, unlike the previous studies on suppliers’ integration in NPD considering only
the importance of green suppliers’ collaboration for NPD success (Kähkönen et al. 2017;
Neutzling et al. 2018; Wang et al. 2021), this study contributes to the field by differentiating
various sustainability practices and distinguishing between different measures of NPD
success.

Third, developing two separated constructs for external sustainability practices of
focal firms (i.e., supplier monitoring and supplier collaboration practices) provides some
additional insights on the trade-offs between these two ways to manage sustainability with
suppliers and their effects on NPD success. Therefore, this study throws light on the unique
impact of different sustainability practices on different measures of NPD success. The
results highlight the benefits of adopting both controlling and collaborative frameworks
of sustainability for the success of new products. Furthermore, the results of this study
provide useful insights for both managers seeking to adopt sustainable practices and
policymakers seeking to further promote a sustainable supply chain.

Fourth, while many other studies are limited to the sample data from a specific indus-
try or only one country, this study gathers the empirical evidence using a unique database
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that integrated 281 manufacturing firms from across 3 industries and 16 countries located in
Asia, Europe, and America. Using such a multi-country, multi-industry sample contributes
significantly to the empirical investigations related to the impact of sustainability on the
success of NPD.

The rest of this paper is organised as follows: Section 2 presents a literature review.
In Section 3, development of hypotheses is explained. The empirical methodology, the
statistic treatment, and empirical results are presented in Section 4. Section 5 closes the
paper with conclusions, implications, and future research opportunities.

2. Theoretical Framework

Previous research on sustainability as well as in NPD has demonstrated that a focal
firm’s actions towards the environment and innovation are not only limited to its own
performance but also to the actions of close supply chain members (Chen and Chen 2019).
Firms, therefore, have no option other than integrating sustainability features into their
operation and extending it to their key partners, but also should simultaneously take
up some activities for behavioural/relational issues related to interaction with them. It
requires to explain this phenomenon through different theoretical lenses while considering
their potential trade-offs. In this context, the natural resource-based view (NRBV) theory
provides a framework that emphasises the importance of environmental factors in terms of
a firm’s green competences (Hart 1995). A sustainability strategy includes the adoption of
intra–inter organisational environmental practices that may permit the building of causally
ambiguous resources through continuous learning and repeated practices, for example,
from pollution prevention strategies as well as the creation of complex resources through
environmental collaboration in product stewardship or sustainable development projects
(Shi et al. 2012).

By incorporating environmental requirements in NPD, a focal firm is able to improve
environmental performance of new products in terms of energy efficiency and environmen-
tal footprint (Gerstlberger et al. 2014; Wang et al. 2021), resulting in enhanced performance
of new products in terms of time to market, quality, and cost of R&D (Wang et al. 2021).
Collaborative teams integrated by sustainability-oriented firms are more likely to find
environmentally-friendly innovations in new products and processes, achieving more effi-
ciently the use of resources and producing less waste and environmental burdens, which
ultimately drive enhanced performance and NPD success (Claudy et al. 2016).

Close to this view, social relationships within supply chains can be formulated through
different forms of inter-organisational activities (Putnam 1995), which are particularly
relevant for NPD and for sustainability (Woo et al. 2016). For instance, through supplier
involvement in NPD, the level of information processing and information transfer from
one party to another is improved (Wlazlak et al. 2018), facilitating the voluntary sharing of
innovative ideas, access to technology, knowledge, R&D services, and resources required
for NPD (Du et al. 2016; Mazzola et al. 2015). Further, the firm´s social capital obtained
from buyer-supplier interaction enhances the innovation search span of the firm causing
reduction in the search cost (Du et al. 2016). To convert such relational social capital to the
rent for superior performance of NPD, a specific capability is needed (Zhang and Wu 2013).
NRBV provides such capability in the sustainability-oriented buyer-supplier relationship to
integrate such joint efforts in the form of NPD practices with sustainability environmental
objectives. Therefore, the communication, information sharing, knowledge exchange, and
the trust under the long-term buyer-supplier collaborative relationship promotes the joint
innovative efforts and facilitates joint solution development to sustainability issues during
NPD (Lee 2015).

However, based on the transaction cost theory, different governing mechanisms,
including supplier assessment and collaboration, have been proposed to focal firms in
order to manage the relationship with their suppliers which can affect both sustainability
and NPD (Gimenez and Sierra 2013). Only sustainability-committed suppliers can design
and develop new sustainable products and invest in new sustainability processes (Chen
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and Chen 2019; Jansson et al. 2017). Further, the selection of a supplier with a high level
of sustainability orientation, either as a source of sustainability-related knowledge or as
a source of technological and R&D services, strengthens the NPD outcome (Cheng 2020).
Accordingly, monitoring-oriented strategies are usually conducted by focal firms to select,
control, evaluate, and verify suppliers with respect to their compliance with sustainability
requirements (Gualandris et al. 2015).

3. Hypothesis Development
3.1. External Sustainability Practices (Collaboration) and NPD Success

Suppliers can positively influence both environmental and operational performance
of supply chains (e.g., Croom et al. 2018; Geng et al. 2017). It has been stated that firms inte-
grate sustainability concepts into their supply chains to achieve sustainability development
through different strategies (Neutzling et al. 2018). Collaborative practices in sustainability
that include the involvement of suppliers in joint projects on product co-development is
suggested to improve sustainability performance (Danese et al. 2019), innovation perfor-
mance (Kähkönen et al. 2017), as well as the environmental performance of R&D projects
(De Stefano and Montes-Sancho 2018) of manufacturing companies.

Under collaborative relationships, the focal firm provides suppliers with the required
communication, training, and technological knowledge to improve supplier capabilities
and the performance of new products in accordance with sustainability requirements
(Busse et al. 2016; Lawson et al. 2015). In addition to enhancement of knowledge, these
interactions lead to increased satisfaction among the partners’ employees and encourages
them to participate proactively in NPD (Gmelin and Seuring 2018a). Building relational
collaboration also decreases conflict, information asymmetry, and likely opportunistic
behaviour among supply chain actors, and also permits firms to practice sustainability
strategies across their organisations (Neutzling et al. 2018). Finally, through boosting
information processing capacity, a collaborative framework on NPD can diminish “strategic
uncertainties” in the buyer and supplier relationship (Wong et al. 2020).

Moreover, focal firms with higher sustainability orientation are better able to boost
organisational learning by involving their supply chain members, particularly the NPD
team of their suppliers to think innovatively about how to integrate those sustainabil-
ity requirements into the NPD processes (Cheng 2020; Claudy et al. 2016). This type of
sustainability-oriented buyer-supplier relational collaboration fulfils joint learning pro-
cesses, skills and resource sharing, and innovation capability developments necessary for
the implementation of sustainability strategies that may benefit the development of new
products (Chiarini 2012; Neutzling et al. 2018). Consequently, while interfirm problem
solving is facilitated, firms involved in such interorganisational relationships reap the
benefits of interfirm knowledge exchanges through a learning process and idea generation
for environmentally-friendly design solutions that boost new product innovations (Law-
son et al. 2015). This enhances a firm’s environmental competences and knowledge, and
contributes to the building of reputation and brand image (Ageron et al. 2012) and cost
reduction (Neutzling et al. 2018; Wong et al. 2020; Woo et al. 2016).

Additionally, prior research confirms the positive link between sustainability-related
buyer-suppliers’ collaboration in NPD with innovation (NPD) performance (Cheng 2020;
Kähkönen et al. 2017). Wang et al. (2021) based on a dataset of 212 American manufacturers
found that sustainability-oriented collaborative practices with suppliers enhance NPD
performance, not only through significant reduction in environmental burdens of the new
product, but also by fostering economic sustainability of NPD in terms of lower cost of
R&D, higher flexibility of R&D, and reduced energy-resources consumption. Further,
by providing additional resources and capabilities under such collaborative approaches
contributes to environmental and social solutions during NPD without transferring the
extra costs of high-priced external experts and extra investment of resources to buyers
(Cousins and Lawson 2007; Gmelin and Seuring 2018b). In the background, enhanced
knowledge of sustainability in NPD may facilitate joint decision-making on NPD-related
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issues, improving outcomes of new products (Petersen et al. 2003), and enhancing a firm’s
corporate reputation and image with regard to society and the environment (Neutzling
et al. 2018).

In accordance with these arguments, the following hypothesis is proposed:

Hypothesis 1 (H1). The adoption of external collaborative practices in sustainability has a positive
effect on both internal and external NPD success.

3.2. External Sustainability Practices (Monitoring) and NPD Success

External sustainability practices can also be developed through monitoring. End cus-
tomers increasingly demand sustainability-oriented products (Gmelin and Seuring 2014)
which lead manufacturing companies that are looking for environmental benefits to impose
sustainability requirements on their suppliers, for example, by minimising the consump-
tion rate of resources or by providing health, safety, and work welfare to society (Marshall
et al. 2015; Pagell and Wu 2009). A monitoring approach in a sustainability-oriented buyer-
supplier relationship seeking to ensure compliance performance of suppliers through
different practices includes supplier selection practices, company visits for an audit, the
assessment of suppliers through their conduct, a request to suppliers to sign a code of envi-
ronmental conduct, an audit through certification of suppliers’ environmental management
systems, or a request to suppliers to pay a minimum ‘living’ wage (Danese et al. 2019).

Involving suppliers in the NPD process while requesting them to follow sustainability
principals has some risks for buyer companies, particularly due to the risk of supplier
incompetence in project execution (Goldberg and Schiele 2018). Further, suppliers might
follow unethical behaviour in performing sustainability practices if the uncertainty relevant
to the adoption of those sustainability initiatives is high or the adoption of those activities
require considerable investment in their specific assets (Wang and Dai 2018). In addition,
there is a potentiality of opportunistic behaviour and sustainability-related information
asymmetric in the relationship (Carey et al. 2011; Lee 2015). As a result, to reduce the risk
of incompliance to sustainability requirements or the risk of transactional- related cost,
companies undertake monitoring practices resulting in higher costs, more time, and greater
efforts (Gimenez and Tachizawa 2012; Gualandris et al. 2015)

However, sustainability requirements in NPD dictated that by buying firms implies
suppliers to strictly follow eco-efficiency production so as to be more responsible towards
their environment, society, and economics (Gimenez and Tachizawa 2012). Prior research
has identified a strong correlation between environmental compliance and green perfor-
mance of NPD, since proactive sustainability-oriented buying firms prefer to selectively
work for NPD with only key suppliers with a higher level of sustainability orientation (Lee
and Kim 2011). Through conducting suppliers’ monitoring practices, the adverse environ-
mental attributes of NPD can be eliminated (Pujari 2006). Further, the implementation of
environmental management system by suppliers has a positive impact on the association of
supplier involvement in sustainable design practices and performance through more possi-
bilities of offering environmental ideas and enhancement of environmental benefits (Wang
et al. 2021). Among other things, monitoring practices look to ensure that teams working
in NPD are sufficiently knowledgeable and aware of the sustainability requirements, have
sufficient knowledge about environmentally-friendly techniques in manufacturing (Fish
2015), and avoid potential opportunistic behaviour and information asymmetry (Chen and
Chen 2019; Gualandris et al. 2015). Thus, we can hypothesise that:

Hypothesis 1 (H2a). The adoption of external monitoring practices in sustainability has a positive
effect on internal NPD success.

On the other hand, adopting monitoring practices for sustainability may have posi-
tive effects on sustainability performance of new products through enhanced corporate
social responsibility and reputation (Gimenez and Sierra 2013) since buying firms only
interact with sustainability-committed suppliers (Wang and Dai 2018). Monitoring enables
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companies to control for abusive working conditions and child labour, ensuring employee
wellbeing and satisfaction (Gualandris et al. 2015). Moreover, there is evidence that relating
sustainability issues to NPD can enhance the environmental performance of new products
by applying product life cycle technologies and improving market performance through
better alignment with customer expectations (Jabbour et al. 2015). Further, suppliers’ adop-
tion and implementation of environmental sustainability programs (e.g., acquiring ISO
14000 certificates) can improve the environmental and economic performance of NPD
(Wang et al. 2021). In summary, ensuring that the supply network works in accordance
with both social and sustainability responsibilities may improve the image, reputation, and
market performance of new products.

Hypothesis 1 (H2b). The adoption of external monitoring practices in sustainability has a positive
effect on external NPD success.

3.3. Internal Sustainability Practices and NPD Success

Firms increasingly encounter pressures for sustainability from various internal and
external stakeholders (Paulraj et al. 2017). Research has affirmed that the values behind
sustainability issues drive a firm’s sustainability culture and orientation to move beyond
mere economic concerns to align its corporate philosophy, strategies and culture with
TBL perspectives, and extend it to their supply chain (Pagell and Wu 2009). Firms with
a higher sustainability orientation are more likely to adopt sustainability practices and
compliance strategies, including environmental management systems such as ISO 14001
that impose pressure on their supply chains to also adopt an environmental management
system (Cheng 2020; Claudy et al. 2016; Marshall et al. 2015). Furthermore, firms with high
levels of sustainability orientation are probably better workplaces for sustainability-minded
employees (Du et al. 2016) whose moral motives and commitment to sustainability brings
to bear internal pressure on firms to adopt sustainability principles and practices along the
supply chain (Chen and Chen 2019).

In line with NRBV, focal firms that tackle environmental problems by implementing
various reactive and proactive environmental strategies within their operations create value
by addressing stakeholder expectations and by conforming to environmental regulations
(Buysse and Verbeke 2003). Greater involvement in proactive environmental strategies
(i.e., a greater sustainability culture) is more likely to lead to the probable adoption of
green supply chain practices, especially supplier monitoring and assessment by focal firms
(Marshall et al. 2015; Wu et al. 2012). Additionally, supply chain management is considered
as a cross-organisational activity. In the context of social capital theory, the establishment
of social relationships between focal firms and suppliers based on trust, values, and
communication can result in the development of the same goals and visions among the
partners, particularly regarding sustainability (Wu et al. 2012). Accordingly, focal firms
with high levels of sustainability orientation due to the practise of various environmentally-
and socially-oriented strategies are more likely to work with only sustainability-oriented
suppliers (Wang and Dai 2018), therefore, they may regularly apply monitoring practices
to ensure their suppliers´ compliance to sustainability and standards (Laari et al. 2016).
Furthermore, those sustainability-oriented focal firms are more probably sharing their
knowledge and collaborating with their suppliers on sustainability issues (Claudy et al.
2016; Wu et al. 2012). Thus, we propose the following hypothesis:

Hypothesis 1 (H3a). The adoption of internal sustainability practices is positively associated with
the adoption of external sustainability practices.

Internal sustainability practices embrace various environmental- and social-related
activities adopted and implemented by a focal firm in its in-house processes such as
applying internal environmental management system, developing environmental policies,
and adopting internal social, responsible management practices (Laari et al. 2016; Wang and
Dai 2018). In the context of manufacturing, a focal firm´s internal sustainability practices
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link the environmental- and social-related activities with manufacturing practices in order
to enhance the benefits and returns, for instance, value, quality of product, efficiency in
the use of resources, working conditions, health system, and safety, as well as to reduce
the environmental burdens such as air and soil pollution, cost, waste, and resources
consumption (Moldavska and Welo 2017). Accordingly, a sustainability-oriented focal
firm during NPD may incorporate TBL considerations in NPD looking for identifying and
taking advantage of the opportunities for innovation (Du et al. 2016).

In the NRBV context, addressing sustainability issues during NPD processes, such as
through pollution prevention, eco-design practices, or product life cycle analysis method,
enables firms to tackle environmental issues and increase their eco-efficiency, for example,
through design focused on reduction of waste generation or design for reusability and recy-
clability (González-Benito and González-Benito 2006; Shi et al. 2012). Moreover, adopting
internal sustainability practices by sustainability-oriented firms helps to improve their op-
erational efficiency in terms of quality and cost, and effectively use their resources because
of the NPD team being more encouraged to find innovative solutions to environmental
and social issues (Claudy et al. 2016). The conventional competence established by these
sustainability-oriented innovation activities boosts the sustainable competitive advantage
through cost-saving and better sustainability performance (Brulhart et al. 2017; Buysse and
Verbeke 2003). Jabbour et al. (2015), in their empirical study, confirmed the direct influence
of green product development not only on market performance as indicated by company
reputation and image and the meeting of customer expectations, but also on operational
performance in terms of flexibility, process improvements, quality conformity, and short
lead times. In sum, we posit the following hypothesis:

Hypothesis 1 (H3b). The adoption of internal sustainability practices is positively associated with
NPD success.

According to the previous hypotheses, the conceptual model was developed as shown
in Figure 1.
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4. Methodology
4.1. Sample and Data Collection

The data used for empirical analysis was composed of 281 manufacturing plants
from three major industries (mechanical, electronics, and transportation equipment) that
participated in the fourth round of the High-Performance Manufacturing (HPM) project.
More than 25 research groups from 16 countries across Europe, America, and Asia are
involved in the project. The local research team in each country was responsible to contact
the sample plant and conduct the research. The sample was selected randomly from
the master list of plants in each country (Danese et al. 2019). Table 1 reports the data
distribution according to the sector and country.
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Table 1. Industry to country distribution.

Country
Industry

Total
Electronics Mechanical Transportation

Equipment

China 8 15 3 26
Germany 5 11 8 24
Sweden 1 4 0 5

Switzerland 2 0 1 3
Japan 6 6 9 21
Korea 8 5 12 25
Spain 7 6 8 21
Italy 7 17 5 29
Israel 13 2 0 15
Brazil 2 7 6 15

Finland 6 6 5 17
Taiwan 19 10 1 30

UK 4 5 4 13
Vietnam 8 7 6 21

USA 3 3 2 8
Austria 1 6 1 8

The survey method was used to collect data. The unit of analysis was the plant and
not the company since different practices and performance are observed in different loca-
tions. A set of 12 questionnaires specific to different operational management areas was
administered through interviews with a number of plant managers. One of these sets of
questionnaires was specific to sustainability issues and the other to NPD processes. Scales
and items integrating all of the questionnaires had previously been used and validated by
related literature. The questionnaires in each functional area were completed by two infor-
mants who were knowledgeable about that area (e.g., the section related to environmental
affairs was filled by two environmental affairs managers). As a result, each plant submitted
23 questionnaires from different informants. The response rate was approximately 65% in
each country.

In addition to some countermeasure practices, such as using a mix of item types (i.e.,
perceptual scales and objective data) in each section of the questionnaire, or mixing items
for the same scale from different parts of the questionnaire sections, the research teams
asked more than one respondent in each plant to fill in a questionnaire with the goal of
triangulation of information and to avoid common method bias problems (Danese et al.
2019). The adequacy of the sample was tested through the Keiser–Meyer–Olkin (KMO)
test. Further, Harman’s single factor test indicates that the total variance explained by a
single factor was 0.3687, indicating that there is no clear evidence for common method bias
(Podsakoff et al. 2003).

4.2. Measures

For this study, only those questionnaire sections that included questions related to
sustainability affairs and the success of NPD were considered. Regarding sustainability
practices, respondents were requested to “indicate the degree to which their plant is
engaged in the initiative/practices” by listing several examples (see Appendix A). As
for NPD success, the respondents were asked to consider the success of the products
recently launched by the firm in terms of reaching firm operational and market NPD goals.
Accordingly, the multiple item constructs were developed as follows:

• In line with the concept behind NRBV, the Internal Sustainability Practices (ISP) of
this study refers to a firm´s evaluation of the efficiency of its own processes, not only
through prevention and controlling practices but also environmental improvement
through the reduction of environmental accidents and disposal of excess materials or
equipment (Montabon et al. 2007).
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• External Collaborative Sustainability Practices (ESPc) include interorganisational
collaborative practices between focal firms and their suppliers (Danese et al. 2019).

• External Monitoring Sustainability Practices (ESPm) refer to sustainability-related
supplier assessment practices imposed by focal firms (Danese et al. 2019).

• The external success of the NPD (ENPD) construct refers to the external (or market)
dimension of NPD success (García et al. 2008) that includes customer satisfaction and
overall commercial success items.

• The internal success of the NPD (INPD) construct refers to the internal (or operational)
dimension of NPD success (García et al. 2008) that includes time to market, ease of
manufacturing, and unit manufacturing cost items.

The description and the items integrating composites can be viewed in Appendix A.
Finally, regarding control variables, previous research has sought to examine the

moderating impact of firm size, sector, and country region on innovation outcome, partic-
ularly for NPD (Claudy et al. 2016; Kähkönen et al. 2017). Further, scholars in this field
recommend taking into account the information of R&D spending as control variables since
they may be related to NPD outcomes (Karaman Kabadurmus 2020; Zhang and Wu 2013).
The following five firm-specific factors were included in the mode as control variables:

• The industry to which the sample plant belongs labelled as Industry. The industry
control variables were created by coding dummy variables for each sector. Due to
dispersion of sectors amongst firms, the mechanical sector with the highest homoge-
neous industry group (110 firms, 40% of the sample) was chosen to use as reference
for control of the analysis (Kähkönen et al. 2017).

• The level of development of the country in which the sample manufacturing firm is
located is labelled as Developed.

• Due to the distribution of the number of employees as indicator of firm size being right
skewed, the logarithm transformation was used to improve the normal distribution of
the size.

• The percentage of plant sales from products introduced in the last five years is labelled
as R&D_Intensity.

• The number of employees working in R&D for new product design/redesign devel-
opment practices is labelled as R&D_Size.

Among these control variables, R&D Intensity, R&D_Size, as well as firm size can
be considered as a firm´s resources to allocate for NPD. The descriptive analysis and the
correlation matrix are presented in Table 2.

Table 2. Descriptive statistics and correlations matrix.

Constructs 1 2 3 4 5 6 7 8 9 10

1. ISP 0.730
2. ESPc 0.645 0.843
3. ESPm 0.626 0.753 0.784
4. ENPD 0.149 0.236 0.220 −
5. INPD 0.193 0.296 0.287 0.643 −
6. R&D_Size 0.164 0.171 0.074 0.027 −0.061 −
7. R&D_Intensity 0.048 0.064 0.054 0.093 0.156 −0.028 −
8. Firm_Size 0.325 0.237 0.209 0.000 −0.029 0.506 0.059 –
9. Industry −0.001 −0.057 −0.054 0.069 −0.022 −0.096 −0.083 −0.059 –
10. Development −0.128 −0.245 −0.238 −0.133 −0.197 0.032 −0.180 −0.160 −0.046 –
Mean 3.924 3.102 3.144 3.715 3.262 80.620 52.384 6.033 0.391 0.673
Std. Dev. 0.597 0.874 0.957 0.624 0.636 195.534 27.685 1.056 0.488 0.469

The square roots of the AVE are presented on the diagonal in bold. The numbers below the AVE values are the correlation between the
relevant construct with another construct in the model.

4.3. Data Analysis and Results

To test the hypothesised relationship between the constructs, this study took advantage
of the partial least square (PLS) method as a variance-based approach to structural equation
modelling. Three reasons are behind the use of the PLS method for analysis of the data in
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this study (Peng and Lai 2012). First, PLS is considered as an appropriate tool to analyse a
study with exploratory characteristics. In particular, this study analyses a relationship that
has been minimally studied in the literature (i.e., the adoption of sustainability practices
in buyer-supplier relationships and its effect on the success of NPD). Second, PLS allows
researchers to estimate highly complex models in which exogenous variables are correlated
and the magnitude of the moderating effect is important. Several trades-offs emerged from
the analysis of the effect of adopting different sustainability practices and NPD success.
In particular, the market outcome of NPD was correlated with the operational dimension.
Third, PLS makes it possible to estimate both reflective and formative constructs within the
same research model. This study tests the relationship of reflective independent variables
(ISP, ESPm, and ESPc) with formative dependent variables (INPD and ENPD).

As for sample size, PLS follows the rule of 10 times the most complex relationship
within the research model determined by (1) the construct with the largest number of
formative indicators and (2) the largest number of independent variables influencing a
dependent variable (Peng and Lai 2012). In this study, the largest number of formative in-
dicators is three and the largest number of independent variables that influence dependent
variables is three. Accordingly, the sample size of 281 is more than the minimum sample
size requirement as per the rule of 10 times PLS.

The PLS model of this study also embraces two stages: the assessment of the measure-
ment model and the evaluation of the path model (Hair et al. 2016). The former involves
the valuation of reflective constructs in terms of indicator reliability, internal consistency,
discriminant and convergent validity, and formative constructs in terms of collinearity
among indicators as well as convergent validity. The latter evaluates the hypothesised
relationship between constructs in terms of sign, magnitude, and significance.

4.4. Measurement Assessment

To estimate the research model, SmartPLS 3.0 was used. At the first, the five main
theoretical constructs (i.e., ISP, ESPc, ESPm, INPD, and ENPD) were grouped into three
reflective constructs related to the sustainability practices (independent variables) and
two formative constructs related to success of NPD (dependent variables). The reason
to consider the dependent variables as formative constructs is because, conceptually, the
success of NPD is defined by its indicator measures, such as cost, quality, or customer
satisfaction, in which each indicator can have its own independent effect on the success
and any change in one of these indicators, for example, manufacturing quality, is not
necessarily associated with, nor can it be replaced by, a change to other indicators such as
manufacturing cost.

Since assessment criteria are different depending on the nature of constructs, two
separate assessments are reported in this study for reflective and formative constructs.
Table 3 presents the various criteria for reflective constructs, including the criteria for
convergent validity of both indicators and constructs as well as the consistency reliability of
the constructs. Regarding convergent validity, only two items had item loadings less than
the threshold of 0.7 but higher than 0.4 (i.e., item loadings of S_Int01 = 0.683 and S_Int05 =
0.663). As their removal would not have contributed any significant improvement to the
composite reliability and average variance extracted (AVE) values, they were kept in the
model (Hair et al. 2016). In addition, the other item loadings were above 0.7 and all were
significant at 0.000, demonstrating that convergent validity exists at the level of indicators
(Peng and Lai 2012). The AVE results show that all values are above the minimum value of
0.5 (see Table 3). In addition, the internal consistency reliability for evaluation of reflective
measures was appraised through composite reliability and Cronbach’s alpha (Hair et al.
2016). In this model, both values were higher than the criterion of 0.700, indicating high
reliability for all three constructs (see Table 3).
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Table 3. Measurement properties of constructs.

Constructs Indicators Mean Std. Dev. Item
Loading Item Weight T-Stat. p-Value Alpha

Cronbach
Composite
Reliability

Communality
(AVE) VIF

ISP 0.890 0.911 0.533
S-Int01 3.651 0.901 0.683 18.523
S-Int02 3.990 0.730 0.739 24.046
S-Int03 4.033 0.733 0.718 22.066
S-Int04 4.044 0.773 0.785 28.219
S-Int05 4.113 0.917 0.663 16.181
S-Int06 3.904 0.811 0.781 29.596
S-Int07 3.901 0.890 0.739 22.369
S-Int08 4.025 0.757 0.712 18.238
S-Int09 3.657 0.863 0.740 23.945

ESPc 0.864 0.907 0.710
S-ExtC01 3.179 1.035 0.869 55.139
S-ExtC02 3.273 1.117 0.784 28.214
S-ExtC03 3.064 0.982 0.851 32.735
S-ExtC04 2.893 1.000 0.864 45.701

ESPm 0.792 0.864 0.614
S-ExtM01 2.984 1.258 0.771 25.821
S-ExtM02 3.016 1.122 0.800 28.562
S-ExtM03 3.256 1.352 0.774 24.442
S-ExtM04 3.321 0.989 0.790 29.114

ENPD
NPDS_Ext01 3.780 0.699 0.289 10.259 0.000 1.398
NPDS_Ext02 3.650 0.723 0.816 42.561 0.000 1.398

INPD
NPDS_Int01 3.224 0.850 0.516 14.302 0.000 1.257
NPDS_Int02 3.388 0.755 0.412 17.289 0.000 1.548
NPDS_Int03 3.175 0.803 0.345 9.717 0.000 1.381
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Regarding formative constructs, scholars have suggested that formative item weights
(including weight, sign, and magnitude) and multicollinearity among items should be
evaluated with an item level test, while discriminant validity and nomological validity
of the formative constructs should be examined with a composite level test (Peng and
Lai 2012). The criteria for item weight should be higher than 0.10 (Andreev et al. 2009),
while the collinearity statistics variance inflation factor (VIF) value should be less than 3.3
(Shmueli et al. 2019) to ensure the nonexistence of multicollinearity.

The results in Table 3 show that the criteria for both item weights and multicollinearity
among items are fulfilled in this study. The nomological validity of formative constructs
shows that for both NPD success constructs, there is a significant and positive relationship
with some of their antecedents (Peng and Lai 2012).

Discriminant validity for reflective indicators was assessed through the Fornell–
Larcker criterion (Henseler et al. 2014) by comparing the square root value of the AVE of
each composite with its correlation with any other construct in the model. As presented in
Table 2, all square roots of AVE were greater than interconstruct correlations confirming
the existence of discriminant validity amongst the constructs (Hair et al. 2016).

For formative indicators, the procedure proposed by Peng and Lai (2012) for discrim-
inant validity was followed and the average of intraconstruct item correlations for each
construct and its correlations with other constructs in the model were computed. The
result of this study shows that the average of intraconstruct item correlations for these two
constructs (ENPD = 0.533 and INPD = 0.423) is greater than the average of their intercon-
struct correlations (ENPD = 0.312 and INPD = 0.355). In summary, the measurement model
shows that all constructs are consistent, reliable, and valid.

4.5. Structural Model Evaluation

The structural model with PLS-PM, as a non-parametric technique, is assessed through
standard model estimation and relies on the bootstrapping procedure to test the path
model relationships in terms of the statistical significance of the model parameters. Routine
bootstrapping is recommended for the consideration of 5000 resamples (Hair et al. 2016).
However, the results of this study maintain consistency in terms of significance and
magnitude after a resampling of 1000, 2000, and 5000. The quality of the structural model
was examined by evaluating multicollinearity issues through examining VIF values of all
sets of predictor composites. All observed values including outer and inner VIF values
were below the threshold of 3.3 (Shmueli et al. 2019), demonstrating that multicollinearity
is not critical in our model.

The results of path model evaluation are presented in Table 4. A preliminary analysis
reveals that different sustainability practices have different effects on two dimensions of
NPD success. It can be observed that while collaborative practices have strong, direct,
and positive effects on internal NPD success (ESPc -> INPD = 0.197), their effect on
external success of new product seems to be positive and indirect (ESPc -> ENPD = 0.041).
Accordingly, hypothesis H1 is supported partially since the adoption of collaborative
external sustainability practices positively affects NPD success. Likewise, monitoring
practices show a positive, strong, and significant effect on internal success of new products
(ESPm -> INPD = 0.160) while it reports a positive and indirect effect on external (market)
success of NPD (ESPm -> ENPD = 0.071). Accordingly, the estimation results could provide
partial support for the hypotheses related to monitoring practices, thus H2a and H2b
were not fulfilled completely. Regarding the adoption of internal sustainability practices,
estimation results show that while this kind of practice does not have a direct effect on
NPD success (therefore, H3b cannot be supported), it has an indirect effect through the
positive effect of the adoption of external sustainability practices (thus, H3a is supported).
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Table 4. Significance testing results of the structural model path coefficients and total effects.

Path Hypotheses
Path

Coefficients
(Direct Effect)

F2 p-Values
Confidence

Interval (2.5%,
95.5%)

Path Coefficients
(Indirect Effect) Total Effect

1.ESPc ->
INPD H1 0.198 ** 0.017 0.034 (0.011, 0.377) 0.198 ** (p = 0.034)

2.ESPc ->
ENPD H1 0.041 0.001 0.637 (−0.128, 0.210) 0.125 ** (p = 0.041) 0.167 * (p = 0.088)

3.ESPm->
INPD H2a 0.160 * 0.011 0.065 (−0.015, 0.332) 0.160 * (p = 0.065)

4.ESPm ->
ENPD H2b 0.024 0.000 0.748 (−0.127, 0.171) 0.102 * (p = 0.071) 0.126 (p = 0.223)

5.INPD->
ENPD 0.634 *** 0.603 0.000 (0.553, 0.723) 0.634 *** (p = 0.000)

6.ISP -> ESPc H3a 0.645 *** 0.711 0.000 (0.581, 0.709) 0.645 *** (p = 0.000)
7.ISP -> ESPm H3a 0.626 *** 0.645 0.000 (0.559, 0.695) 0.626 *** (p = 0.000)
8.ISP -> INPD H3b −0.035 0.001 0.690 (−0.205, 0.140) 0.228 *** (p = 0.000) 0.193 *** (p = 0.001)
9.ISP -> ENPD H3b −0.019 0.000 0.812 (−0.181, 0.140) 0.164 ** (p = 0.011) 0.145 ** (p = 0.035)
Control
Variables:
10.R&D_Size -> ENPD 0.082 ** 0.008 0.046 (−0.003, 0.161) 0.082 ** (p = 0.046)
11.R&D_Intensity -> ENPD 0.004 0.000 0.935 (−0.085, 0.087) 0.004 (p = 0.935)
12.Firm_Size (Log) -> ENPD −0.026 0.001 0.645 (−0.141, 0.081) −0.026 (p = 0.645)
13.Industry (Mechanical) ->
ENPD 0.094 ** 0.015 0.039 (0.005, 0.183) 0.094 ** (p = 0.039)

14.Developed -> ENPD 0.004 0.000 0.927 (−0.086, 0.101) 0.004 (p = 0.927)

* p < 0.10; ** p < 0.05; *** p < 0.01.

On the other hand, the path coefficient between two measures of NPD success (internal
and external), as well as between internal sustainability practices and both groups of
external sustainability practices (collaboration and monitoring), is amongst the highest
(0.638, 0.645, and 0.626, respectively). In accordance with the percentile method, the
confidence interval does not need to include the value of 0 to ensure significance. In this
sense, the path coefficients 1, 5, 6, and 7 have a statistically different effect from 0. Finally,
as far as the size of the effects of the variables is concerned, the f2 value (Cohen 1988) shows
that the effect of both collaborative and monitoring approaches on internal measures of
success are small compared to the size of the effect between two measures of success (INPD
and ENPD) and the size of the effect between internal sustainability practices, and both
monitoring and collaboration practices (see Table 4).

As for controlling variables, the results of the present study reveal that only the
R&D_Size which controls the number of employees working on new product design/
redesign development has a significant relationship with NPD success. Further, the chosen
sector (mechanical) reports a positive and significant association with NPD success.

Finally, the coefficient of determination (R2) of endogenous dependent constructs
demonstrates the proportion of the variance for each dependent construct explained by
its indicators. In this study, the R2 values for endogenous constructs of ESPc, ESPm,
ENPD, and INPD are 0.416, 0.392, 0.428, and 0.098, respectively. The summary of result for
hypothesis testing is presented in Table 5.

Table 5. Summary of hypothesis testing.

Hypothesis Result (Direct Effect) Result (Indirect Effect)

H1 Partially Supported Supported
H2a Supported
H2b Not Supported Supported
H3a Supported
H3b NotSupported Supported
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5. Discussion and Conclusions

The aim of this study was to analyse how and to what extent the adoption of sus-
tainability practices can affect the success of new products. To address this issue, this
study argues that each set of sustainability practices (internal, external collaborative, and
external monitoring) implemented by the firm has a different effect on NPD success. Under
theoretical frameworks of NRBV, social capital and transaction cost, and using a PLS-SEM
approach, empirical findings confirm that various sustainability practices adopted by a
focal firm have different effects for both operational dimensions (internal) and for market
dimensions (external) of new products’ success. More specifically, estimations demonstrate
that the adoption of external sustainability practices directly improves the success of new
products in terms of operational (internal) outcomes and indirectly reinforces the markets’
(external) measure of the success of new products. This result is aligned with the knowl-
edge, experience, resources, and technology sharing benefits obtained by establishing social
capital in buyer-supplier relationships.

Despite the primary expectation for a negative link between monitoring approaches
and internal NPD success in virtue of transactional cost associated with these types of
practices, the evidence confirms our hypothesis and reveals that the adoption of assessment-
based attitude towards regulation and standard, can assure suppliers’ compliance and their
implementation of proactive strategies which, in result, foster the technical attributes of
NPD. Our result is consistent with the previous notion that the compliance performance of
suppliers is related to green product innovation development (Lee and Kim 2011).

On the other hand, the results report that adopting practices aimed to reduce input
consumption and emissions have an indirect effect on the success of new products through
the positive effect on the adoption of external sustainability practices. One possible reason
for the negative insignificant result for direct effect of internal practices with internal (opera-
tional aspect) NPD success might be that in contrary with reactive environmental strategies
such as pollution control or improving the workforce environment through indoor air
quality, the proactive environmental practices targeted in improvement of energy efficiency
or pollution prevention do not yield immediate benefits for a firm. Further, the negative
insignificant result for the association of these practices with external (market dimension)
NPD success also can be explained through the requirements of initial investment in tech-
nology, training, and re-defining organizational processes which may offset the overall
commercial success of the NPD at the beginning stage (Laari et al. 2016). However, these
findings indicate that a focal firm´s sustainability orientation (internally and externally)
enable NPD success.

To be concluded, the distinction between internal and external dimensions contributes
to significant improvement in the understanding of how NPD success works in relation
with sustainability in manufacturing. While the adoption of sustainability practices ex-
plains the success of new products related to cost, quality, and ease of manufacturing by
only 9.80%1, the explanation power is 42.80% when also considering market dimension of
success in line with García et al. (2008). Moreover, the adoption of external sustainability
practices is reinforced by the adoption of internal sustainability practices. The results
highlight that in the context of NPD and sustainability initiatives, the participation of
internal functions and external supply chain agents is required (Hemonnet-Goujot et al.
2019) and, therefore, actions including collaborative and monitoring sustainability practices
with suppliers can positively influence the performance of products. Hence, trust and
close relationships built on a basis of collaboration in sustainability among the supply
chain is a determinant for NPD success. As a result, this paper sheds new light on the
alignment of sustainable supply chain management and innovation performance (NPD),
thus contributing to a better picture regarding the relation between sustainability in the
supply chain and NPD. Moreover, these results have also several implications for theory
and practice.

For practitioners, this study highlights that adopting sustainability practices has a
positive external effect on firm performance. In particular, evidence shows that the use of
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both inter-firm monitoring and collaboration with suppliers have positive effects on new
products, not only improving aspects related to the production process but also in terms
of commercial success in the long term. These results are an invitation for managers to
invest in sustainability, adopting a proactive approach using sustainability in a broader
way. Moreover, when firms evaluate their suppliers to make their supply chains more
environmentally and socially responsible, they enable their suppliers to develop new
products with environmental appeal, and reap the advantages that stem from better
organizational (environmental, social, and operational) performance. Firms willing to
enhance their new products´ operational features may enjoy benefits investing in the
adoption of sustainable approaches in their relational social networks while intending to
improve their image, reputation, and overall commercial success can find benefits from
complimentary internal and external sustainability strategies. Contrary to the previous
studies which only consider the significance of green suppliers’ collaboration for NPD
success (Kähkönen et al. 2017; Neutzling et al. 2018; Wang et al. 2021), in this study, we
observed that both monitoring and collaborative sustainability practices independently
strengthen NPD success. Furthermore, this paper debates the nature of the sustainability-
oriented relationship by illuminating the unique impact of different collaborative and
monitoring practices on different measures of NPD success, and thus could bring forth
useful insights for managers. For example, as for focal firms´ managers, technically and
financially, it might be important to know which type of sustainability practices influence
the success of NPD (and how), and which aspects of success will be affected. Having a
better image of the association of sustainability and NPD helps these managers to develop
their corporate strategies more appropriately.

The challenge is, therefore, twofold. First, to carry out the necessary internal invest-
ments in sustainability aligned with the environment, people, and performance (TBL),
which do not always allow firms to observe short-term benefits. By doing so, the objectives
of the organisation would be aligned not only with obtaining benefits but also with reinforc-
ing the commitment to the environment and to people (Neutzling et al. 2018). The positive
significant effect of R&D_size control variables indicate that if managers develop and cheer
up the spirit of commitment to sustainability in their employees then sustainable-oriented
employees working in R&D can act as a motivation for sustainability-related knowledge
sharing with external partners (suppliers) during a new product development process. In
addition, this paper demonstrates the positive effects of adopting a more advanced ap-
proaches to sustainability, because as observed, investing in internal sustainability practices
enhance the development of supply chain relationships, which are a determinant for the
success of new products.

Second, managers face the challenge of managing the trade-offs between their inhouse
sustainability related operations and collaboration and control with suppliers. This result
supports the idea of complementarity of different sustainability practices adopted and
implemented by focal firms. Within the preview of NRBV and social capital theories, such
sustainability-focused relational interactions facilitate knowledge exchange, technological
and resources sharing under respect and trust which are ambient for joint practices (NPD).
The strong significant effect on the market dimension (external) of new product success
is attained when the internal practices and collaborative approaches with suppliers are
implemented (ISP->ESPc->INPD->ENPD with coefficient of 0.164 and p = 0.011). In other
words, manufacturing firms in joint efforts with their suppliers by integrating environmen-
tal consideration in development of new products can improve the operational features of
new products which, in turn, enhances the value for customers and strengthens the market
attributes of the success.

For academia, this study shows the existence of positive externalities through adopting
sustainability practices regarding the success of a new product. Understanding these
effects requires an investigation of the intersection of different but related frameworks.
For instance, linking social capital with NRBV perspectives, the development of new
products through sustainability-oriented collaborative relationships between a focal firm
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and its suppliers develops a required capability to convert such interaction to more value
for customers through fostering trust, mutual respect, and knowledge and capabilities
sharing possibilities between parties which eventually promotes NPD success. However,
while a sustainability-oriented relationship requires a certain level of commitment and
behaviour towards sustainability by suppliers, the transaction cost theory prevents the
existence of a cost-related monitoring mechanism implemented by a focal firm to monitor
compliance performance of suppliers. This highlights that understanding the effects of
sustainability on performance needs to consider a broad perspective which looks at the
interlinking of different theoretical approaches which may complement each other and
help to improve the understanding of a complex phenomenon. Accordingly, this paper
suggests the interconnection of the NRBV, social capital, and transaction cost theories as
useful theoretical lenses for differentiating the impact of sustainability-oriented supply
chain management on NPD success.

Moreover, the empirical evidence also suggests new lines for future research on
the sustainability–NPD link. However, a first limitation of the paper is that effective
involvement of supply chain members (internal and external) is supposed to be affected
by sustainability practices but is not directly measured. Involvement of supply chain
members has been indicated as a determinant of NPD success, however, the link between
involvement and sustainability orientation was not. Future research should consider the
mediating/moderating effect of sustainability on supply involvement to explain NPD
success. Another limitation is that the sustainability orientation was considered as the
driver of the link between sustainability practices and NPD success, however, the effect of
this factor was not examined. Future research may take into account the mediating effect
of sustainability orientation in this association. Further, while this research has advanced
our understanding about the relationship between sustainability and NPD success, the
study is conditioned by the cross-sectional nature of the data; future research should look
for conclusive results using longitudinal analysis. Finally, the link between sustainability
and NPD success could be affected by contextual factors. Hence, further research in future
studies should consider small versus large firms, developed versus developing countries,
or manufacturing versus service companies.
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Appendix A

Variables Items Description Mean Std. Dev. Mean Ave.

ISP 3.924
S-Int01 Water efficiency 3.651 0.901

S-Int02
Reducing waste in internal processes (e.g., improving
yield or efficiency)

3.990 0.730

S-Int03
Improving the workforce environment (e.g., indoor air
quality)

4.033 0.733

S-Int04 Pollution prevention (eliminating emissions or waste) 4.044 0.773
S-Int05 Pollution control (scrubbing, waste treatment) 4.113 0.917

S-Int06
Decreasing the likelihood or impact of an
environmental accident

3.904 0.811

S-Int07 Complying with an industry-wide code of conduct 3.901 0.890

S-Int08
Environmental improvements in the disposition of
your organization’s scrap or excess material (re-use,
recycling, etc.)

4.025 0.757

S-Int09
Environmental improvements in the disposition of
your organization’s equipment

3.657 0.863

ESPc 3.102

S-ExtC01
Encouraging suppliers to improve the environmental
performance of their processes

3.179 1.035

S-ExtC02
Providing design specification to suppliers in line
with environmental requirements (e.g., green
purchasing, blacklist of raw materials)

3.273 1.117

S-ExtC03
Co-development with suppliers to reduce the
environmental impact of the product (e.g., eco-design,
green packaging, recyclability)

3.064 0.982

S-ExtC04
Involvement of suppliers in the re-design of internal
processes (e.g., remanufacturing, reduction of
by-products)

2.893 1.000

ESPm 3.144

S-ExtM01
Requesting that your suppliers sign a code of
environmental conduct

2.984 1.258

S-ExtM02
Visiting suppliers’ plants or ensuring that they are not
using sweatshop labour

3.016 1.122

S-ExtM03 Ensuring that suppliers comply with child labour laws 3.256 1.352

S-ExtM04
Incorporating environmental considerations in
evaluating and selecting suppliers

3.321 0.989

ENPD 3.715
NPDS_Ext01 Customer satisfaction 3.780 0.699
NPDS_Ext02 Overall commercial success 3.650 0.723

INPD 3.262
NPDS_Int01 Time to market 3.224 0.850
NPDS_Int02 Ease of manufacturing 3.388 0.755
NPDS_Int03 Unit manufacturing cost 3.175 0.803

Notes
1 The association only considers the individual effect of sustainability practices on NPD success. There are many other factors

affecting NPD success, the effects of which have not been included in the model. These include lean practices (e.g., Oliveira et al.
2018); employee involvement (e.g., Rangus and Slavec 2017); employees´ collective motivation (e.g., Zhao and Chadwick 2014),
and early supplier integration (e.g., Goldberg and Schiele 2018).
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