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Due to increasing emission reduction requirements and higher energy prices, manufacturing companies have started to pay attention to the energy efficiency of supply chains, instead of focusing solely on operations. As emission reduction and energy efficiency often share the same objectives, these are frequently addressed together in earlier research. The aim of this research is to examine, through a survey, the level of energy efficiency work conducted by manufacturers with suppliers, and the drivers behind such activities. Based on survey findings completed in 2024, Swedish manufacturers are taking initial steps in energy efficiency work along with suppliers. Typically, suppliers are asked to provide energy use information and analyses. Top management support is the most important driver for this work, followed by a company’s environmental profile, production cost reduction, and an emphasis on Scope 3 emission reduction. There is also some evidence that companies with the public sector as their main customer are more active in energy efficiency work with suppliers.
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1 INTRODUCTION
Earlier research already in the previous decade concluded that energy efficiency within the supply chain context is an important and expanded research area (Marchi and Zanoni, 2017; Marchi et al., 2018; Centobelli et al., 2018). However, in these earlier literature reviews, a marginal amount of research work was conducted. Earlier research has concluded that energy efficiency investments (like heating system integration; see Miah et al., 2018) are typically needed among small- and medium-sized suppliers, but companies lack proper finance to complete these (Marchi and Zanoni, 2017; Marchi et al., 2018; Centobelli et al., 2018). It has been suggested that their customers (larger companies or even corporations) would provide, e.g., loan guarantees, so that investments are possible and loan terms as well as interest rates are reasonable (Marchi et al., 2018). In a wider context, supply chain energy efficiency should incorporate, e.g., transportation mode selection, loading of vehicles, location of suppliers, product packaging considerations, and product/service redesign (Beheshtinia and Fathi, 2023; Axon and Darton, 2023). Typically, less proximity to suppliers is an advantage for transportation emissions, and using railways lowers the emissions further (Gonzales-Garcia et al., 2009; Brodt et al., 2013; Rizet et al., 2012). Companies also need to reconsider order frequencies and order lot sizes as a too tightly set Lean system is not necessarily environmentally just and energy-efficient (Fahimnia et al., 2015).
In the supply chain literature, supplier engagement, including assessment and collaboration, has been recognized as crucial to positively impact the sustainability performance (Gimenez and Tachizawa, 2012; Seuring and Müller, 2008; Teller et al., 2016). By engaging with suppliers, focal firms can better implement sustainability practices, share costs, and risks with other supply chain actors and increase their competitive advantage (Fobbe, 2020; Meqdadi et al., 2020). Furthermore, scholars and practitioners have highlighted the key role of supplier engagement to reduce Scope 3 emissions and gain insights into the energy savings potential across the entire supply chain, which cannot necessarily be achieved by focusing merely on individual companies (Fagundes Alves et al., 2024; Farsan et al., 2018; Sharma et al., 2024). For example, a study by Butt et al. (2024) showed that among other strategies effectively using suppliers’ data, effective communication, support, and guidance are important to mitigate suppliers’ Scope 3 emissions. Although this shows the crucial position of focal companies to influence suppliers in energy-related issues (Marchi et al., 2018), scholars also point out that very few companies truly engage with their suppliers, when it comes to energy efficiency and reduction of greenhouse gas emissions (Ellram and Tate, 2024; Marchi and Zanoni, 2017).
This research uses a survey targeted at Swedish manufacturers to gain further information about the drivers and level of work with suppliers in improving the energy efficiency. Although energy efficiency has been dealt with in recent research on supply chain management (Marchi and Zanoni, 2017; Marchi et al., 2018; Centobelli et al., 2018), surveys about the overall status of this theme are lacking and rare (Azevedo et al., 2013; Lawrence et al., 2019). Studies mainly consider large companies or small- and medium-sized enterprises (Jalo et al., 2021; Hasan et al., 2021), but there are no studies applying a supply chain perspective. In addition, analyzing a high-income and well-industrialized European country with the effects of the ongoing Ukrainian war and Russian sanction implementations is a rather unique and new environment for this topic. In Sweden (and many other European countries), electricity prices increased significantly in 2022–2023, and this created challenges for societies, supply chains, and companies to live under new realities (Martin-Valmayor et al., 2023). In addition, within this background, there is a constant demand by the European Union to decrease CO2 emissions at all possible levels. Our research problem in this study could be described with following research question: “What is the level of work in supply chains concerning energy efficiency and what are the possible drivers?”
This research is structured as follows: Section 2 reviews recent research on energy efficiency improvements in supply chains and uses mostly case study research works in this analysis. Thereafter, Section 3 introduces the research environment and methodology. Section 4 elucidates the survey analysis, where we analyze the level of energy efficiency work with suppliers. Section 5 analyzes drivers for this work and shows possible correlations between drivers and work items. Section 6 provides the conclusions and avenues for further research in this area.
2 LITERATURE REVIEW: ENERGY EFFICIENCY IN SUPPLY CHAINS
Production of raw materials such as metals, iron, and aluminum requires much energy and was one of the typical themes of energy efficiency research in the early phases of supply chain research (Tan and Khoo, 2005; Ferretti et al., 2007). Tan and Khoo (2005) proposed that coal should be avoided in energy production for production process (and natural gas should be used instead), while Ferretti et al. (2007) examined the benefits of liquid aluminum within deliveries for customers (instead of solid aluminum). Gonzales-Garcia et al. (2009), in turn, focused on energy efficiency in pulp manufacturing within the supply chain context. There was approximately 10% saving potential if local wood supply was preferred instead of importing it from abroad. Form early on, a clear linkage was observed between energy efficiency and CO2 emission reduction—large Asian automotive manufacturers considered energy efficiency the key element, especially when expanded it to the supply chain (Lee and Cheong, 2011), while in the European car manufacturing supply chain, it was simply viewed as a means to reduce energy consumption as the main target (Azevedo et al., 2013). In the early phases, research also emphasized the utility of the supply chain approach on use of materials—scrap production and unused products are vital in improving the energy efficiency of steel and aluminum production (Milford et al., 2011), while the usage of recycled material in floor material production is a way to significantly reduce energy use (Lu et al., 2011), or using more biomass in the production of support structures of shoes leads to energy efficiency (Brochardt et al., 2011). The life cycle approach was also observed in the early phases of research works as the product usage phase is typically neglected in the energy efficiency improvement of supply chains. For example, the computer use phase consumes 30%–40% energy (as energy consumption concerns both production and use; Deng et al., 2011). As most emissions still originate from the production and supply chain, it is also reasonable to recycle and refurbish used devices.
Oil and other fossil fuels play an important role in supply chains and their energy efficiency. This was an often-studied theme in more recent research works. In very large logistics service producers, it was a part of green supply chain management practices to transition to using alternative and more sustainable fuels (Cosimato and Troisi, 2015), while at the national economy level (China), oil import was analyzed to consider four main risks (supply, economic, transportation, and dependence), which together had only increased during the years (Zhang et al., 2013). Europe is very much dependent on energy imports, and in five of six case studies, this dependency was rather significantly based on Russian imports (Urciuoli et al., 2014). However, Urciuoli et al. (2014) illustrated, through case studies, that holding inventories is one way of managing short- and medium-term risks. This is needed as in some industries, oil dependency and higher polluting transportation modes are difficult to avoid, like in global fast fashion. As continents differ in production and consumption, supply chains are often very dependent on air freight (Orcao and Pérez, 2014). As Beheshtinia and Fathi (2023) illustrated with a case study (paint production), even less favorable and high emission transportation modes have their improvement potential as optimization and a supply chain approach could bring substantial energy savings. In food and raw material production, there are of course opportunities to produce more energy and electricity from waste (or unused) raw materials; for example, in production of rice, where there is an opportunity to replace expensive energy by harvesting rice husk and using it to produce heat and electricity for the rice mill (Lim et al., 2013). Even if it is generally accepted throughout the world that energy efficiency in the use of oil and gas is challenging for industries due to numerous reasons mentioned earlier, there are currently even economically advanced and industrialized countries (like the United States of America), which hold significant own reserves due to new innovations in the extraction of these raw materials (Martin-Valmayor et al., 2023).
3 RESEARCH METHODOLOGY
An online survey was designed to analyze the supply chain energy management practices of Swedish manufacturing companies. The web application Qualtrics XM was used to administer the survey. The survey consisted of three sections: the first section focused on general company information, including markets served, main customers, company ownership, and the amount of product offered. The second section included questions focused on supplier management, such as the number of suppliers, supplier selection criteria, and supplier engagement; i.e., the level of work on energy efficiency in the supply chain that companies are requesting from their suppliers. The third section focused specifically on supply chain energy management, including questions on drivers to work with energy efficiency in the supply chain. The questions related to drivers were designed based on previous research focused on energy efficiency in manufacturing, particularly studies using questionnaires to investigate the drivers for energy efficiency, such as Rohdin et al. (2007), and the extensions discussed by Johanson and Thollander (2018) and Lawrence et al. (2019). In addition, new drivers that have an explicit focus on the supply chain and working with suppliers were added. The questions were based on 7-point Likert scales, and every question had the option to be left unanswered. To ensure clarity of the questions, avoid leading the respondents, and validate the questions, the survey was tested by experts in energy management in the manufacturing industry (Forza, 2002). Only part of the survey is analyzed in this research work.
A list with 1,199 companies that fall under the Swedish act on energy audits (Sveriges Riksdag, 2014) was obtained by making a list all the companies who had filed a report during the years 2017–2021 and removing duplicates. For the period 2017–2020, the list included the email addresses of 278 companies within NACE codes 10-32. These companies were contacted directly via email, but 49 messages bounced back due to erroneous email addresses. Approximately 20 other respondents contacted the research team in order to be excluded for various reasons primarily because they no longer held a relevant position for answering the survey. Subsequently, a list of relevant companies that reported in 2021, but not included in the email list for the years 2017–2020, was compiled. In order to find appropriate contacts, i.e., personnel familiar with energy and supply chain management efforts, we contacted the companies over the phone. This helped improve the reliability of the study, ensuring the familiarity of the respondents with the topic of the survey questions. Data were collected between October and December 2024, and a total of 391 surveys were sent out; the remaining companies did not show interest in participating or could not be reached.
In order to increase the response rate, two reminders were sent out. This led to a total of 70 individual companies who answered the survey, which results in a response rate of 17.9%. The response rate is consistent with those of other survey studies with similar approaches (Jazairy and von Haartman, 2020). In addition, studies with a similar focus, i.e., analysis of drivers and barriers of energy management, typically have a smaller sample size (Brunke et al., 2014; Jalo et al., 2021) or similar size of respondents (Hasan et al., 2021).
It has to be highlighted that not all companies answered all questions; therefore, the number of responses per questions can differ. Respondents in the following are typically medium- to large-sized companies, with a median number of employees of approximately 400 (this information is based on an optional answer of 53 respondents). Due to the lower response rate in this study and even possibly lower response numbers of particular questions, non-response bias was tested. Survey responses were divided into two sub-groups: 1) those responding in October–November 2024 (n = 24–25) and 2) late responses of the first reminder and those of the second (last) reminder, given in December 2024 (n = 13–17). From both sub-groups, mean values were calculated, and two group responses were compared to each other using t-tests. None of the following two question areas and their numerous questions demonstrated statistical differences between answers of these two sub-groups (not even being close to the 5% threshold). So, with high probability, non-response bias is not an issue here, and the following dataset is representative of the Swedish situation.
4 WORKING WITH SUPPLIERS TOWARD IMPROVING ENERGY EFFICIENCY
In the completed survey, responses on work with suppliers concerning energy efficiency received, in general, low values in responses [scale from 1 (“not at all”) to 7 (“completely”)], where the most typical (mode class) answer of all the subquestions given in Figure 1 was 1 (not at all). So, we could conclude that companies, in general, do not work that much with suppliers to improve the energy efficiency. This could be noted in Figure 1 as in six out of eight subquestions had a median response value of 1 (not at all) as well. Remaining two subquestions had a median value of 2. In all of the subquestions, the average (mean) was above the median value, indicating that there were few higher numerical value responses. This indicates that some companies do work with suppliers, but they are rather few in overall response base.
[image: Bar chart showing company practices related to energy management with suppliers. There are eight practices listed from top to bottom. Blue bars represent mean values, and red bars represent median values. Practice (d) shows the highest values in both mean and median, indicating it is the most common practice among those surveyed.]FIGURE 1 | Question: “How well following statements describe your company’s work with suppliers concerning energy efficiency?,” where the scale is ranging from 1 (not at all) to 7 (completely). (n = 42).As examining mean ratings of subquestions in Figure 1, it is notable that subquestions, “c) My company requests information on energy use from suppliers” and “d) My company requests energy consumption to be analyzed by suppliers,” received more attention and actions from companies. These are also statistically different (p = 0.05, t-test) from the two lowest rated subquestions, “b) My company requests benchmarking of energy costs from suppliers” and “g) My company provides support to suppliers by offering energy efficiency networks.” So, it could be concluded that if interactions and actions occur with suppliers concerning energy efficiency, they are mostly one way from sourcing company toward suppliers, where suppliers are asked to gather information and analyze it. Other more sophisticated approaches (where other parties and organizations are also involved) receive rather low attention.
When analyzing responses to different subquestions of this theme, it was surprising that all subquestion items were positively correlated with each other (see Supplementary Appendix A for details). Most of these correlations were statistically significant with the highest possible level as there were only two in a p-value level of 0.05 and one in a level of 0.01. This only further illustrates the similarity in responses, what was already said from the median values of subquestions. All subquestions received very low ratings, therefore showing strong positive correlations.
We further analyzed responses in Figure 1 by dividing answers into two different groups using different criteria (served markets, domestic vs international; main customers, public vs private sector; amount of products offered to the markets; and company ownership, domestic vs. foreign). Interestingly, only a statistically significant difference appeared in these divisions between “public” and “not public” as main customers (companies might have both public and private sector customers—for this analysis, all companies were included in the public sector if it was selected alone or together with the private sector for consumer and/or business sales). It should be noted that a small group of companies mainly serve the public sector (only six responses), and even if there exist statistical difference (Figure 1), it remains unclear whether this would hold on a larger scale.
Statistically significant different (p = 0.05, t-test) responses in Figure 2 between two groups were identified to be within “a) My company requests energy cost information from suppliers,” “c) My company requests information on energy use from suppliers,” “d) My company requests energy consumption to be analyzed by suppliers,” and “h) My company provides energy investment opportunities for suppliers.” Based on Figure 2, in all of these four subquestions, public sector-serving companies are having clearly much higher ratings and actions, with their suppliers concerning energy efficiency. In the remaining responses, the situation remains the same, where public sector-serving companies have higher ratings; however, these public sector-serving companies do not have statistically significant differences from private sector-serving companies (the latter concerns both consumer and business as a main customer).
[image: Bar chart showing responses from companies about energy-related activities with suppliers. Activities include requests for information and benchmarking, training, and investment opportunities. Public companies (blue bars) are more active in these areas compared to private companies (red bars), especially in providing training and support to suppliers.]FIGURE 2 | Question: “How well following statements describe your company’s work with suppliers concerning energy efficiency?,” divided into two groups with respect to the served customers, and mean values are shown (not public, n = 36; public, n = 6).As already mentioned, three other divisions to two groups did not result in any statistically significant different responses. The number of offered products was only potentially different from these three, where a lower amount of products offered (<500 products) was nearly in all subquestion areas (seven) having higher ratings as compared to companies offering more than 500 products. In two other divisions (location of main market and ownership), the average ratings in responses were much closer to each other, and statistical differences were not even near.
5 DRIVERS OF SUPPLY CHAIN ENERGY EFFICIENCY WORK
The survey also consisted of a question concerning drivers of energy efficiency in the supply chain (Figure 3). Respondents felt differently from drivers as most often the highest response class (mode class) included 5 or 6 respondents. This is further supported by examining the median values in Figures 3 – as a very strong driver was felt to be “t) Full support from top management” as its median value as 7 and the average was also the highest, being 5.7. This was followed by four items, which had a median value of 6, and these were as follows: “h) Company’s/Corporate group’s environmental profile,” “k) Reduce production costs,” “i) Reduce scope 3 emissions,” and “n) Consumer/customer demands and questions.” The less important and lowest median (3), as well as the mean value (3.2) item, was, in turn, “s) Incentive agreement/third party financing/Energy performance contracting.” This was followed by six drivers having a median value of 4: “o) International competition,” “u) Allocation of energy costs,” “w) Ability to utilize and disseminate individuals’ knowledge of support and production processes,” “v) Internal training,” r) “Pressure from different types of environmental organisations/sectoral organisations,” and “f) Energy management system”.
[image: Bar chart comparing mean and median scores for various environmental and energy management factors. Each factor is labeled from 'w' to 'a', with 'Full support from top management' showing the highest mean score. Mean scores are red, and median scores are blue, with the x-axis ranging from zero to seven.]FIGURE 3 | Question: “To what extent do you consider the following factors to be drivers in your work on energy efficiency in the supply chain?,” where the scale is ranging from 1 (not driver at all) to 7 (very strong driver). (n = 38–39).It could be said that most important drivers of energy efficiency within the supply chain are related to top management, profile (marketing), production costs and aggregate outside of own operation emissions, and customers (sales). Other more wider and less concrete items had lower importance, like international competition and allocation of energy costs. Most important energy efficiency drivers in supply chains in this survey are concrete and provide results in the short to medium term (and are somehow connected to the financial sustainability of companies).
There were numerous statistically significant correlations among the asked items of drivers (see Supplementary Appendix B for the correlation matrix), with all of them being positive (answering, e.g., high in some questions resulted in a high value in the correlated items). Statistical significance varied from 0.05 to 0.001. There were negative correlations as well, but these were typically having a rather low statistically insignificant negative correlation (between −0.1 and −0.2). Interestingly, there were some drivers, which did not have statistically significant correlations with other drivers or probably only one or two. These were as follows: “f) Energy management system,” “i) Reduce scope 3 emissions,” and l) “Commitment by voluntary initiatives (e.g., science-based targets).” From these, three second (“i) Reduce scope 3 emissions”) was rated as a rather important driver by respondents—its lack of correlation with other drivers could indicate that it has gained importance only very recently and remains isolated from other decisions.
Logically, drivers should have a connection to energy efficiency work of supply chains. This was tested with the correlation matrix and statistical significance of the found correlations. As revealed in Figure 4, few correlations exist between drivers and supply chain energy efficiency work. In total, four correlations statistically significant were found. These all are understandable causalities, where, e.g., driver of “l) Commitment by voluntary initiatives (e.g., science-based targets)” increases work with “e) My company provides training and information on energy efficiency to suppliers” or “o) International competition” and “u) Allocation of energy costs” drive work of “a) My company requests energy cost information from suppliers.” Concerning the four drivers having causality, all were rated as having at best average importance among all drivers. The challenge for companies is that highest-ranked drivers do not have a connection to the current supply chain efficiency work.
[image: A list illustrating the relationship between drivers and supplier collaboration concerning energy efficiency. Drivers include resilience to supply disruptions, pressure from investors, long-term energy strategy, among others. Lines with numeric values connect specific drivers to actions like requesting energy cost information, benchmarking energy costs, and providing training to suppliers. Numeric values are 0.364, 0.357, 0.392, and 0.350, indicating the significance of connections between drivers and supplier actions.]FIGURE 4 | Correlations between drivers and supply chain energy efficiency work. (n = 32; *, p-value sign. 0.05 level).6 CONCLUDING DISCUSSION
Despite numerous changes and challenges of energy price and long-term availability in Europe in recent years (Martin-Valmayor et al., 2023), it is interesting to note that energy efficiency improvement in supply chains is still taking its initial steps among survey respondents. It seems that public sector customers serving companies are more active in this field, and in general, suppliers are asked to provide energy consumption information and analyze it. Among drivers for this change, respondents felt that the most important was the top management support for these changes. This was followed by customer/consumer requests, own climate and emission reduction objectives, and cost reduction. The results of this survey support the literature review findings of Marchi and Zanoni (2017)—in their review, most of the studies regarded energy efficiency as an additional flow to be analyzed (and having related cost implications). In addition, many of the most important drivers are similar with those of the research findings of Centobelli et al. (2018); however, top management support is new and did not exist in their literature research findings. Analysis of the current state and search of improvement paths for energy efficiency was observed in earlier research on supply chain management research (Tan and Khoo, 2005; Ferretti et al., 2007; Gonzales-Garcia et al., 2009).
The novel finding in this research work is that both supply chain-based energy efficiency work and drivers themselves have substantial correlations with each other. However, between these, there exist very few causalities. This comes down to the initial stages of supply chain energy efficiency work, which received rather low response values. Currently found correlations anyway provide some route forward of supporting energy efficiency work through drivers.
Sweden has a leading position on research on energy efficiency. Previous studies, mainly conducted in Sweden, but also internationally, show similar results regarding drivers (Ahmad et al., 2020; Jalo et al., 2021; Johansson and Thollander, 2018). Research on engaging suppliers/working with suppliers has mainly highlighted its importance and, therefore, the lack. This is an important part of the novelty of the paper to highlight how suppliers are involved and in what way. Our survey shows that information is merely requested from manufacturing companies toward suppliers, while dialogue and further development are less at the agenda. Therefore, it is understandable that investment collaboration is not common (overall). However, public sector-serving manufacturers (as a main customer) have much more activity in this regard with suppliers, and it could shed some light on how development activities could be increased further.
Due to increasing pressure from governmental institutions to consider the sustainability, and with that, the energy efficiency efforts in the supply chain and reporting about it, this study gives insights not only to managers on how to approach the topic but also to policymakers. Considering the recent discussions on the implementation of new sustainability directives and omnibus package by the European Commission, the results may support decision-makers and policymakers on how to facilitate energy efficiency in the supply chain.
As a further research in the area, we would like to examine the long-term effects of energy availability in Northern Europe. The increasing use of energy due to the appearance of data centers and a low-emission steel industry, these will have a significant impact on the energy demand and availability in the long term. Examination should be manufacturing-focused, analyzing how they have prepared for this change and what kind of challenges they foresee in the forthcoming years. A case study would be the most suitable approach for this endeavor.
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