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Abstract  
This study aims to investigate the relationship between sustainable manufacturing and 

firm performance among international manufacturers. We propose a model of how firm 

value is created through sustainability strategies and test it on a representative, cross-

sectional sample of Norwegian manufacturers. Findings suggest that managers in 

manufacturing firms implement sustainable manufacturing to improve firm performance, 

and that adoption of sustainable manufacturing practices indeed is positively related to 

firm performance in terms of long-term sales growth and profitability. Especially, we find 

that environmental customer appeal drives sales growth and resource efficiency drives 

firm profitability. Theoretical and practical implications are discussed.  
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Introduction  

This study aims to investigate the relationship between sustainable manufacturing and 

firm performance among manufacturers that are involved with international business. 

According to Garetti and Taisch (2012), sustainability, defined in both social and 

environmental terms, remains one of the top priorities in the manufacturing sector in the 

years to come. This claim is strengthened by the recent Paris Climate Accord, which will 

strengthen regulations and increase the pressure on manufacturers to reduce emissions 

and limit undesirable social and environmental consequences.  

Currently, top managers in international manufacturing firms predominantly view 

sustainability as a cost factor (Christman and Taylor, 2006) and most managers fail to see 

the limitations offered by natural resources (Garetti and Taisch, 2012). However, external 

stakeholders continuously increase pressure on manufacturers to adopt sustainable 

manufacturing practices (Gonzalez-Perez, 2013), and hence, sustainability and social 

responsibility has become an inescapable priority for most international firms today 

(Porter and Kramer, 2011). This also harmonizes well with observation. Recently, Chang, 

Kuo and Chen (2013) found that sustainability performance is in general increasing across 

industries, and particularly in typical manufacturing industries. 

From a practitioner’s perspective, it is hard to determine how to deal with the emerging 

sustainability challenge. In practice, most  managers regard sustainability exclusively as 

a cost factor (Christman and Taylor, 2006) and in many cases sustainable manufacturing 

is only adopted when regulatory requirements and consumer pressure demands it (Srai, 

Alinaghian and Kirkwood, 2013). On the other hand, Porter and Kramer (2006) and other 

shared value creation advocates argue that the sustainability challenge is our time’s 

greatest business opportunity and should therefore be viewed as an opportunity to create 

firm competitiveness and increase firm profitability rather than a threat. Indeed, some 

studies suggests a positive relationship between sustainability strategies and firm 

performance (Eccles, Ioannou and Serafeim, 2014), but the literature on the sustainability 

– firm performance relationship not conclusive (Goyal, Rahman and Kazmi, 2013) and 

most empirical studies are based on small samples or case based research with 

convenience sampling.  

This study offers a quantitative investigation of the relationship between sustainable 

strategies and firm performance in whole Norwegian manufacturing sector. We propose 

a model for how value is created for firms adopting sustainable manufacturing and test 

our hypothesis through a cross-sectional quantitative survey. We seek to establish if 

adoption of sustainable manufacturing is motivated by improved firm performance, 

whether it actually effects the performance of the firm and, if so, which factors of 

sustainable manufacturing actually contribute to increased firm performance.   

 

Theoretical background and hypotheses 

Sustainability is defined in various ways in the literature. One seminal definition stems 

from the UN WCED Brundtland report (1987) that defines sustainability as “meet[ing] 

the needs of the present without compromising the ability of future generations to meet 

their own needs” (pp. 24). An extension of the Brundtland report rely on the triple bottom 

line (3BL) approach defining sustainability as economic activities that contribute to 

economic prosperity, environmental care and social justice (Kleindorfer, Singhal and Van 

Wassenhove, 2005, Gimenez, Sierra and Rodon, 2012).  

For the purpose of operation and production management research, the Brundtland 

definition of sustainability is too broad and unspecific. In this stream of research 

sustainable manufacturing is rather conceptualized as an extension of production system 

logics based on reduction of waste (Jayal, Badurdeen, Dillon Jr and Jawahir, 2010) such 
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as lean and green manufacturing. Jayal et al. (2010) conceptualize sustainable 

manufacturing as a company specific production system that seeks continuous 

improvement and innovations guided by the 6 R’s (remanufacture, redesign, recover, 

recycle, reuse and reduce). This conceptualization is practical for our study as it clearly 

defines the discussion within an area of much attention in the operations management and 

manufacturing literature, namely the literature on design and implementation of 

production systems. Hence, it provides us with an established platform to investigate an 

emerging phenomenon. 

Many arguments can be put forward for the necessity of more research on sustainable 

manufacturing from a societal perspective (Garetti and Taisch, 2012). The manufacturing 

sector contributes with a large fraction of the planets environmental nuisance, including 

climate change, and also contributed with considerable social challenges as a 

consequence of the manufacturing sectors relentless quest for operational efficiency. 

Moreover, research shows that there is a tendency for low sustainability firms to establish 

themselves in regions with weak social and environmental legislation hoping that the 

activities never comes to light in the home country (Dam and Scholtens, 2008).  

Arguably, as the manufacturing sector is a part of the problem, it also has to be a part 

of the solution. The question is whether it is reasonable to believe that the manufacturing 

sector can deal with its sustainability challenges on its own. If so, in a capitalistic system, 

one at least have to assume that the adoption of sustainable manufacturing has some 

financial benefits for the firm. Indeed, Laudal (2011) finds that it is predominantly the 

argument for competitiveness and increased profitability that motivates international 

manufacturers to engage in sustainability strategies. We hypothesize:  

 

H1: Manufacturers that implement a sustainability strategy expects the strategy to 

benefit the firm in terms of increased revenues, lower operational costs and/or lower 

business risk.  

 

Whether sustainability strategies factually lead to better firm performance is much 

debated in the literature. In a recent review of the sustainability – firm performance 

relationship Goyal, Rahman and Kazmi (2013) concludes that findings goes in both 

directions and that there in not a uniform conclusion in the literature to date. This also the 

conclusion in Aspelund, Fjell and Rødland’s (2015) recent review of sustainability in 

international firms. For example, in a quantitative study based on IMSS-IV data, Yang, 

Hong and Modi  (2011) found a negative influence of environmental management 

practices on firm financial performance. Rusinko (2007) found a positive relationship in 

her study of the carpets industry while Lee and Faff (2009) found a negative relationship 

based on comparison between sustainable and non-sustainable financial portfolios. Most 

recently, a study by Eccels, Ioannou and Serafeim (2014) investigates the relationship 

between sustainability and firm performance in a longitudinal of 180 MNEs. They 

conclude that firms who voluntarily adopted a sustainability strategy “significantly 

outperform their counterparts over the long term, both in terms of stock market and 

accounting performance” (pp. 2835). The latter study remains one of the more 

methodologically solid works in the area, but still it establishes only a correlation between 

sustainability and firm performance in a sample of large multinationals. It tells us very 

little about why and how this correlation comes about or how this translates to the larger 

sector of small and middle-sized manufacturers.  

Hence, in order to advance research in this field we need a stronger theoretical and 

empirical basis for how sustainability efforts relates to financial performance. We propose 
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a model where improved financial performance stems from five factors commonly 

associated with a sustainability strategy (see figure 1).  

The first two factors are associated with resource and environmental efficiency. By 

taking an operation management approach to sustainability in line with Jayal et al. (2010), 

we are likely to observe operational and quality efficiency gains in the same manner as 

we observe for other company wide production system philosophies (Shah and Ward, 

2003, Melton, 2005). In a recent study Netland and Ferdows (2016) find an positive S-

shaped relationship between the implementation of a corporate production system and 

plant performance. They argue the finding also extends to sustainable manufacturing 

programs: “…, an intriguing question is whether the S-curve theory also can explain the 

effect of other corporate programs. For example, would the implementation of a 

corporate sustainability program result in an S-shape pattern of change in the relevant 

performance measures? We think it does, but we leave these promising questions for 

future research.” (pp. 13). Resource efficiency is an idiosyncratic term in operation 

management as manufactures are heterogeneous in what resources they consume. 

However, resource efficiency in terms of energy and water usage, and environmental 

efficiency in terms of reuse/recycling of products and packaging and 

reduction/elimination of harmful substances and greenhouses gases are commonplace 

across manufacturing sectors. Hence, we propose that these factors universally contribute 

to firm performance among sustainable manufacturers (see table A1 in the appendix for 

the operationalization of the measures in the model).  

 

Figure 1 – Model for sustainable manufacturing – firm performance relationship. 

 

The literature on production systems, and lean manufacturing in particular, 

predominantly points to reduction in operational cost and increase in quality as the main 

contributors to increased firm performance (Shah and Ward, 2003, Melton, 2005). 

However, the sustainability literature also highlights improvements in firm performance 

from market related factors such as increased sales to the growing segments of 

environmentally or socially conscious customer segments (Cruz and Boehe, 2008). More 

than that, previous research also shows that adoption of sustainability strategies reduces 

business risk as firms are less likely to be exposed to negative media attention and 

increases the ability to meet ever stricter governmental legislation and stakeholder 

expectations (Laudal, 2011). Hence, we propose that environmental and social customer 

appeal will contribute to financial performance among sustainable manufacturers.  

Sustainability preferences across sectors might vary greatly. In some sectors, 

environmental and social factors are taken into consideration, while in others they do not 

(Srai et al., 2013). Still, one would assume that use of sustainable materials, low impact 

on local eco-systems, provision of reuse/recycling solutions and sustainable value chains 

Resource Efficiency  

Environmental Efficiency  

Environmental Customer 
Appeal  

Social Customer Appeal  

Sales Growth  

Profitability  

Sustainability Strategy 
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in general appeal to environmentally concerned customers. In the same way as equality, 

fair salaries and work conditions, and care for employees’ health appeals to the socially 

conscious consumer.  

This rationale leads us to the model in figure 1. The model also includes the factor of 

sustainability strategy with the assumption that customer appeal and increased sales can 

be a result of effective short term ‘greenwashing’ marketing campaigns, but profitability 

from sustainable operational efficiency can only be realized through a long term 

integrated sustainability strategy. Hence, we hypothesize:  

 

H2: Manufacturers that adopt a sustainability strategy will outperform those who 

adopts a sustainability strategy to a lesser extent in terms of long-term sales growth 

and profitability. 

 

Furthermore, we hypothesize that resource and environmental efficiency, 

environmental and social customer appeal leads to increased sales, but the ability to turn 

sales growth into profits is dependent on an integrated sustainability strategy.  

 

H3a: Sustainable manufacturers attain a greater sales growth due to resource and 

environmental efficiency and environmental and social customer appeal.  

 

H3b:  Sustainable manufacturers attain higher levels of profitability due to resource 

and environmental efficiency and environmental and social customer appeal as a part 

of an integrated sustainability strategy. 

 

Research design and methodology 

In order to complement previous research and advance the field of sustainability 

manufacturing, we have adopted a quantitative cross sectional approach. The target 

sample consists of the total population of Norwegian manufacturers. The population 

comprises approximately 2700 firms that we identified through the Brønnøysund Register 

Center that manages all public accounts on Norwegian enterprises.  

Each firm was sent an online questionnaire addressed to the CEO by email and 

followed up by telephone. The questionnaire contains 110 questions regarding the firm’s 

products, international purchasing, manufacturing and marketing capabilities, 

sustainability strategy and operational sustainability activities, evaluation of impact and 

outcomes of sustainability initiatives and leadership. See table A1 for key measures and 

correspondent reliability measures. Finally, we complemented the survey data with 10 

years of financial data (2005-2014) for all participating firms from the public online 

database proff.no.  

The survey returned 682 usable responses, yielding a response rate of 25,2 %. A 

comparison analysis was performed towards the total population of 2700, but no 

significant differences were found between the sample and the population. Hence, we 

conclude that the sample is representative of the population of Norwegian manufacturers. 

The sample consists of predominantly SMEs with an average size of 80 employees 

and NOK 260 million (Euro 32,5 million) in average total revenues. There are a few larger 

actors in the sample and for this reason we adopted logarithmic scales for all measures 

related to firm size to reduce the influence of outliers and to ensure normal distribution. 

There are a few very old firms in the sample, but most are established in the later part of 

the 20th century (average firm age 29 years). International exposure varies according to 

international dimension – 48 percent of firms have international sales, 78 percent depend 

on international supply chains, while only 8 percent of the firms has foreign 
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manufacturing plants. For the purpose of this study we define international manufacturers 

as those who either owns international manufacturing capabilities or depend on an 

international supply chain. This represents 515 firms (75 percent) of the total sample, 

removing some of the smaller actors with predominantly local activities.  

The statistical methods are cluster and regression analysis. First, we employ a cluster 

analysis to investigate H1 and H2 by establishing three categories of manufacturers based 

on their level of adoption of a sustainable manufacturing strategy – high, medium and 

low sustainable manufacturers – from a K-means clustering procedure. Second, we test 

the model that relates sustainable manufacturing to firm performance, including 

hypotheses H3a and H3b, by ordinary least square regression analyses. 

 

Findings 
We establish the categories of sustainable manufacturers based on the K-Means clustering 

procedure and the three questions in Table A1. These three questions naturally distinguish 

three groups of firms based on their level of adaptation of a sustainability strategy – high, 

medium and low sustainability manufacturers. The questions efficiently differentiate the 

firms with new cluster centres on the values 6, 4, and 2 respectively and 169, 183 and 113 

firms in each group.  

The groups – high, medium and low sustainable manufacturers – are similar in firm 

age (established on average in the mid 1970’s), but varies in firm size. The average size 

of high sustainable manufacturers is higher (102 employees) than the medium and low 

group (61 and 24, respectively), this is predominantly due to a small group of outliers 

(firms with more than 5 000 employees) in the high sustainable group. In order to control 

for this effect, we use a logarithmic scale for measures related to firm size. The high 

sustainable group is also slightly more internationally exposed in terms of international 

sales and sourcing. To verify our categorization, we compare high, medium and low 

sustainability manufacturers based on their level of adoption of operational sustainability 

measures as reported in table A1. An ANOVA analysis shows that high, medium and low 

sustainable manufacturers significantly differentiate in the predicted direction on all 

measures. Hence, we conclude that the sustainability strategy measure is effective in order 

to differentiate levels of adoption of sustainable manufacturing.  

 
Table 1: Perceived sustainability strategy influence on firm performance 

 Mean Values ANOVA 

Our sustainability strategy impacts… High Medium Low F-value 

… sales growth (volumes) 4.932,3 4.041,3 3.621,2 49.159*** 

… perceived customer value (price premium) 4.922,3 4.141,3 3.861,2 31.409*** 

… customer loyalty 5.062,3 4.331,3 3.981,2 32.590*** 

… ability to avoid direct competition 4.432,3 3.821,3 3.641,2 18.415*** 

… ability to introduce new products and services 5.032,3 4.301,3 3.871,2 34.388*** 

… political goodwill for allocation of social resources 4.452,3 3.651 3.781 16.660*** 

… relation to company stakeholders 4.962,3 3.961,3 3.591,2 47.772*** 

… attractiveness as business partner 5.252,3 4.401,3 3.991,2 41.302*** 

     

… lower operating costs 4.173 3.89 3.601 7.452*** 

… lower cost of hiring and keeping key personnel 4.322,3 3.931 3.731 10.176*** 

     

… lower risk of reputation failure 5.112,3 4.461,3 3.961,2 31.176*** 

… lower risk of decline in sales 4.762,3 4.191 3.871 22.154*** 

… lower risk of not meeting regulatory requirements 4.962,3 4.351,3 3.921,2 23.561*** 

All questions answered on 1 – 7 Likert scales 

*: p<0.1, **: p<0.05, ***: p<0.001 

1,2,3: denote significant group differences, Bonferroni test 
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The next step is to test hypothesis H1. We asked managers how they perceive the 

sustainability strategy to influence key performance indicators. A cluster analysis based 

on the sustainable manufacturing categorization is presented in table 1. The findings 

strongly support H1 – managers implement sustainable manufacturing because they 

believe it to improve firm performance in terms of sales growth, cost and risk reduction.   

Further, we test whether there are systematic differences in firm performance 

dependent on the level of adoption of a sustainability strategy. Table 2 compares financial 

performance of the three groups in terms of average sales growth, annual operational 

result (before tax, amortization and non-recurring items), annual result and firm 

profitability over a 10-year period from 2005 to 2014. All scales are logarithmic to reduce 

the influence of outliers and ensure normal distribution of the variables. The analysis finds 

a clear positive relation between adoption of a sustainable manufacturing and financial 

performance, hence hypothesis H2 is supported.  

 
Table 2 – Firm financial performance 

 Mean Values ANOVA 

Sustainable initiatives High Medium Low F-value 

Log Average revenue growth 2005 – 2014 8.333 7.75 7.221 6.906*** 

Log Average annual operational result 2005 – 2014 8.353 7.993 7.071,2 13.322*** 

Log Average annual result 2005 – 2014 7.843 7.55 6.941 5.211** 

Log Average profitability 2005 – 2014 2.373 2.413 2.021,2 5.425** 

*: p<0.1, **: p<0.05, ***: p<0.001 

1,2,3: denote significant group differences, Bonferroni test 

 

In order to test hypothesis H3a and H2b we must switch statistical methods and use a 

regression analysis. Table 3 shows a correlation table for the key variables in the analysis. 

The analysis shows high correlation among some of the dependent variables, which 

confirms the relationship between a sustainability strategy and operational measures as 

suggested above. It also suggests a risk for multi-collinearity problems, so we include 

collinearity diagnostics in further analysis.  

 
Table 3 – Correlation Table 

 Firm size Resource 
efficiency 

Env. 
efficiency 

Env. Cust. 
appeal 

Social cust. 
appeal 

Sust. 
strategy 

Year of establishment -.214** -.151** -.161** -.097 -.011 -.075 

Firm size  .222** .109 .135* .039 .237** 

Resource efficiency   .556** .527** .284** .425** 

Environmental efficiency    .747** .227** .539** 

Environmental customer appeal     .305** .638** 

Social customer appeal      .276** 
*Correlation is significant at the 0.05 level (2-tailed); ** 0.01 level 

 

The first regression analysis investigates the relationship between sustainability factors 

and sales growth (see table 4). The model is significant and supports in general terms the 

findings above. We observe that it is predominantly the environmental customer appeal 

that positively drives increased sales. We also observe that environmental efficiency has 

a negative impact on firm sales. This is probably due to the fact that environmental 

efficiency is less transparent to consumers. Low VIF values (below 5) suggest that there 

are no multi-collinearity issues.  

Subsequently we investigate the influence of sustainability strategies and activities on 

firm profits. Table 5 confirms the finding above (on H2), that sustainable manufacturing 

in general is a profitable strategy (see model 2 in table 4). It also suggests that it is resource 

efficiency that contributes the most to profitability among Norwegian manufacturers.  
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Table 4 - Regression analysis 1 – Sustainability activities on sales growth 

 Model 1  

(std. coefficients) 

VIF Model 2  

(std. coefficients) 

VIF 

Year of establishment -.048 1.029 -.043 1.059 

Firm size (# employees) .591*** 1.029 .551*** 1.097 

Resource efficiency   .139 1.563 

Environmental efficiency    -.252** 2.302 

Environmental customer appeal    .223** 2.572 

Social customer appeal   -.009 1.158 

     

Model fit     

R2
Adj .350***  .378*  

Model fit (F-value) 35.8***  14.1***  

*Coefficient/model fit improvement significant at the 0.1 level; ** 0.05 level; *** 0.001 level 

In summary, the analysis breaks down the individual contributions of a sustainable 

manufacturing strategy on firm growth and performance. Hypotheses H3a and H3b are 

partially supported. It suggests that it is environmental customer appeal that contributes 

the most to firm growth, while resource efficiency contributes the most to operational 

profitability. On an aggregate level, the analysis does not support the full model as 

proposed above, but elements of it. 

 
Table 5 - Regression analysis 2 – Sustainability on firm operational profit 

 Model 1  
(std. coeff) 

VIF Model 2  
(std. coeff) 

VIF Model 3  
(std. coeff) 

VIF 

Year of establishment -.088 1.034 -.059 1.064 -.065 1.086 

Firm size (# employees) .534*** 1.034 .491*** 1.099 .467*** 1.132 

Sustainability Strategy   .176* 1.111 .133 1.945 

Resource efficiency     .176** 1.696 

Environmental efficiency      -.143 2.663 

Environmental customer appeal      .080 3.243 

Social customer appeal     -.052 1.232 

       

Model fit       

R2
Adj .300***  .324**  .329  

Model fit (F-value) 32.5***  24.5***  11.3***  
*Coefficient/model fit improvement significant at the 0.1 level; ** 0.05 level; *** 0.001 level 

 

Discussion and implications 

The present study is an important contribution to an ongoing discussion among 

scholars and practitioners on the relationship between sustainability manufacturing and 

competitive advantage. The study establishes the positive relationship between adoption 

of sustainable manufacturing and financial performance in a cross-sectional sample of 

manufacturers in Norway. This finding is well in line with manager’s motivations for 

implementing a sustainable manufacturing strategy, which is found to be performance 

seeking in terms of increased value creation and reduction in costs and business risk. 

More than that, the study offers a theoretical rationale for how the adoption of a 

sustainable manufacturing strategy translates into firm performance through resource and 

environmental efficiency and environmental and social customer appeal. The model is 

only partially supported in this study, suggesting that in a cross-sectional sample it is 

predominantly environmental customer appeal that drives sales increases and resource 

efficiency that drives increased firm profitability. As shown by Srai, Alinaghian and 

Kirkwood (2013), adoption and effectiveness of sustainable manufacturing varies 
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according to capabilities, supply network position, regulatory context and consumer 

sentiment. Hence, the model should be tested in more homogenous settings to establish 

under which circumstances various elements of sustainable manufacturing create 

increased value creation and firm profitability.  

In terms of managerial implications this study first and foremost challenges the 

outspread managerial perception that sustainability is a cost-driving activity (Christman 

and Taylor, 2006). Our findings suggest that sustainable manufacturing is in general a 

profitable strategy, the rationale for how value is created is to a certain extent known, and 

managerial reluctance to adopt sustainability practices could in many instances be 

contrary to the interest of shareholders.  

 

Conclusion 

This study has investigated the relationship between sustainable manufacturing and firm 

performance on a representative sample of Norwegian manufacturers. We find evidence 

that sustainable manufacturing is a common strategy among Norwegian manufacturers, a 

strategy that is not exclusive to larger corporations, but definitely most dominant among 

them. The study also finds strong evidence that the adoption of a sustainable 

manufacturing strategy is generally associated with higher levels of long-term financial 

performance in terms of sales growth and firm profitability. This is in line with the 

motivation managers reported for implementation of sustainable manufacturing practices.  

We propose a general model for sustainable manufacturing value creation based on 

resource and environmental efficiency and environmental and social customer appeal. 

The model only gets partial support in our cross-sectional sample. We suggest this model 

should be tested in more homogenous settings to unveil how value is created in different 

organizational and environmental contexts.  

Even though our sample is a good representation of the Norwegian manufacturing 

sector, it remains to be seen whether similar results are found in other country settings. 

The statistical approach also limits our ability to control for firm, supply network and 

regulatory contexts. Further in-depth analysis and qualitative studies are required to 

further investigate the role of these factors.  
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Appendix A - Measures 
Table A1 – Survey questions and measures 

Survey Question Reliability 

Sustainable strategy α = 0.890 

Sustainability (environment and society) is an inspiration to ongoing improvements in our 

production - we reduce costs through sustainability 

Sustainability (environment and society) is integrated into our business strategy - we see new 

business opportunities in sustainability 

Sustainability (environment and society) is a fundamental value for our business - we want to 

change the industry we work in 

Resource efficiency α = 0.718 

We strive to implement energy saving measures and/or exclusive use of renewable energy 

We strive to implement water-saving measures and/or responsible use of water resources 

Environmental efficiency α = 0.744 

We strive to have all products and packaging designed to be recycled and reused 

We strive to reduce or eliminate emissions of potentially harmful substances  

We strive to reduce or eliminate emissions of greenhouse gases 

Environmental customer appeal  α = 0.755 

We strive to have increased or sole use of materials from sustainable sources 

We strive to reduce or eliminate impacts on local ecosystems 

We strive to provide customers with access to reuse and/or recycling solutions  

We ensure environmental and social responsibility among our suppliers 

Social Customer appeal α =0.746 

All of our employees receive equal pay for equal work 

We promote employee health 

Everyone who contribute to our value chain are paid to ensure an adequate standard of living 

Everyone who contribute to our value chain have fair working conditions 

The questions were answered in a 7-poinit Likert scale from 1 - “Not at all” to 7 – “To a great extent” 


