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Abstract 

 

This report presents a project with the aim to develop methods for large companies on 

how to work with energy efficiency that stretches along the value chain. By studying 

organizational conditions and physical effects on energy and climate for six cases in three 

companies, recommendations are given to businesses and governments on how to work 

for increased life cycle energy efficiency. 

The results point to a range of organizational and economic challenges, but also to 

enablers. Four strategies for progress were identified: A) Find and share the life cycle 

benefits, B) Get focus and priorities in line C) Enable and encourage understanding and 

action, and D) Seek or create a way forward.  

The study points to the need to be strategic, and to translate this strategy into priorities 

and operational work. Yet, it must be recognized that life cycle thinking is not the work 

by one company and there is a call for cross-actor arenas to discuss and develop 

governance of value chains beyond the act of single companies.  
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1 Introduction  

Large multinational corporations active in Sweden have an important role to play to 

achieve both energy policy objectives and environmental targets. ABB has, for example, 

adopted a target of reducing energy consumption in the Group by 2.5% per year, the 

Volvo Group has adopted an environmental challenge that all sites should have a plan for 

how they will be CO2 neutral, and AkzoNobel has set a target to reduce carbon footprint 

by 25% in a value chain perspective. To use the power of such voluntary efforts is 

important to achieve national goals such as efficient use of energy, renewable energy, 

non-toxic environment and reduced climate impact. 

An important contribution is enterprisesô development of their own products and services. 

AB Volvo could with the production of its hybrid truck show 30% lower fuel 

consumption (Volvo Trucks, 2014) and the ABB paint robot FlexPainter reduced carbon 

dioxide emissions in automotive finishing by half (with 2,000 tonnes less carbon dioxide 

and 3.4 million SEK lower energy costs in a normal-sized car factory (ABB, 2014). 

Development can also be achieved through incremental improvements, where for 

example the SCA during the period 2008-2011 reduced the overall carbon footprint of 

hygiene products such as diapers and sanitary napkins by up to 18% (CPM, 2013). 

A common denominator of the examples above is that the companies to reach these 

potentials improved energy and resource efficiency not only within its own operations, 

but in the entire value chain - by reducing the need for energy and resources throughout 

the life cycle of the product, from raw material extraction to use and end of life. Such a 

"lifecycle perspective" on what should be optimized, opens up for much stronger impacts 

on resource and energy efficiency, than measures made in own operations alone. IKEA 

Group's latest sustainability report shows that the group saved 40 million Euros through 

energy efficiency improvements in department stores and warehouses 2010-2013. 

Simultaneously, the sales of LED lights has enabled more than twice as large energy 

savings among customers - the equivalent of 86 million euros - only in 2013 (IKEA 

Group, 2014), as illustrated in Figure 1.  

Historically, Swedish industry has been successful in increasing general productivity 

while also improving energy efficiency. From 1993 to 2010, energy intensity (final 

energy use per added value) has decreased by 36%, mainly through the introduction of 

new processes or new plants (IVA, 2013a), but also through conversion to more 

electricity based processes and production. However, the study does not present any 

evidence that energy efficiency from a life cycle perspective has increased; lower final 

energy use in manufacturing does not necessarily result in overall lower energy use.  

Despite promising energy and economic potentials, a life cycle perspective of products 

and businesses is yet unusual in practice. Larsson and Gebert (2008) have studied supply 

chains and customer requirements for energy efficiency among a range of companies in 

different sectors: Volvo, Schenker, SSAB, Cascades, Stora Enso, IKEA, ICA, Perstorp, 

ABB, Alfa Laval, and Statoil. At the time of the study, only a few companies with direct 

customer contact, such as IKEA and ICA, put pressure on energy on their suppliers. In 

2013, a survey of environmentally innovative actions among the 100 largest Swedish 

companies showed that measures so far had focused primarily on energy efficiency, 

renewable energy and materials within own operations. Measures in the value chain was 

found to be rare (Brunklaus et al. 2013, see also Arnfalk et al. 2008).  
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Figure 1. Energy savings at IKEA due to efficiency projects in-house, compared to 

savings at their customers due to sold LED lights. 

Yet for companies to proceed in their sustainability ambitions, this is where many of the 

solutions have to be sought. Now that many of the "internal" measures have been 

implemented, further implementation of a life cycle approach is regarded necessary. In a 

study on resource efficiency in European manufacturing industries, optimization at 

individual company level was found to save about 10% of the studied firmsô resource 

consumption at best, while value chain optimization had the potential to reach 20% - over 

the entire value chain - by using best available technology (Greenovate!Europe, 2012). 

Also the Swedish Energy Agency identifies the life cycle perspective as central to achieve 

the Swedish environmental objectives in areas such as non-toxic environment, reduced 

climate impact and sustainable energy systems (Statens Energimyndighet, 2011, 

Energimyndigheten 2015). 

Further implementation of the life cycle approach involves major challenges: Established 

norms of what system to optimize, and how risk and profit are distributed in the value 

chain is challenged. A change may require new ways of looking at whose responsibility it 

is to manage and develop environmental and energy issues, or new ways to organize and 

manage business practices. Today, a life-cycle analytical approach is often limited to 

corporate environmental or research and development departments (Winnes, 2013; Rex 

and Baumann, 2006). Large groups such as SCA, ABB, AkzoNobel, SKF and Volvo 

Group have, for example, all in house expertise in environmental or development 

departments, at the same time as they recognize that life-cycle thinking needs to have a 

greater impact on decisions and practices in more parts of the organization, as well as in 

the value chain, to achieve new business, products and services with significantly less 

environmental impact (CPM, 2012). 

In this project we study how large companies can work to bring energy and resource 

optimization across the entire value chain. The aim is to highlight impacts and identify 

ways of working to encourage energy and resource-efficient solutions throughout the 

value chain - from raw material supply to end of life. The project is a cross-industry and 

interdisciplinary study providing recommendations for companies' internal work, while 

still recognizing that structures and incentives outside of the specific firm may also have 

an impact. By increasing awareness of the opportunities and methods for wider use of 

environmental life cycle, the project aims to help Sweden achieve environmental and 

energy policy objectives at the same time as contributing to increased industrial 

sustainability and competitiveness.  
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1.1 Aim and scope 

The purpose of this project has been to develop methods for, and disseminate results on, 

how large companies can work with energy efficiency that stretches across actors in the 

value chain. By studying both organizational conditions and physical effects on resources, 

energy and climate for a number of cases, recommendations are given on how businesses 

and governments can include or encourage life-cycle actions in industry.  

The long term goal is increased competitiveness through energy and resource efficient 

production and consumption systems. The project contributes to this by highlighting how 

companies and governments can facilitate and benefit from increased value chain 

perspectives in their energy efficiency work. 

1.1.1 Delimitations  

This report focuses the individual firmôs ability to adopt energy efficiency along value 

chains. We specifically study aspects that affect the individual company, or actions that 

this company can do, although recognizing that a firm is influenced by and interacts with 

a wider context.  

Focus in this study is on ways of working for large companies who want to develop in the 

direction toward more life-cycle thinking. We do not go into detail what kind of 

companies should or might want to do this kind of work. Also the case studies focus 

voluntary measures, over and above current regulations by law. All case studies are made 

in large multi-national groups with strong brands and extensive experience in life cycle 

thinking.  

The case studies look at life cycle of work based on barriers and drivers experienced 

within the studied companies. Focus is on how people within the companies perceive 

his/her work and its relation to other actors. Other stakeholders and actors in the supply 

chain, such as suppliers and customers, have not been interviewed. The aim with the case 

studies has been to pin-point aspects beyond technology and data, such as organizational 

and motivational aspects, with a focus on difficulties and possibilities perceived in large 

organizations.  

1.2 Method  

This project is interdisciplinary and combines interpretative research on organizational 

and business perspectives on product and business strategy with the calculations of 

effects on resources, energy and climate.  

1.2.1 Procedure 

The project is based on six case studies to gain in depth understanding of different 

approaches and ways of working in large companies, and their effects on energy and 

resources through the value chain. The case studies were complemented with a literature 

review, and preliminary results were analyzed and discussed with a broader group of 

industry and government representatives to jointly develop and disseminate conclusions 

and recommendations of high validity and relevance. 

The work was divided into five work packages (WP), which both build on each other and 

were part of an iterative process. 
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1.2.1.1 WP1 ï Project management 

The project was managed through a project group consisting of researchers as well as 

representatives from the Swedish Life Cycle Center and the participating companies. A 

reference group was also selected with expertise in complementary fields including 

production, law and life cycle management. The reference group provided inputs on e.g. 

findings from the literature, means to analyze data, preliminary empirical results and 

possible connections to related studies.    

1.2.1.2 WP2 ï Establishment of framework  

A practically oriented framework was developed to capture the internal and external 

dynamics of different working practices in the upcoming case studies. This work included 

a compilation of previous literature on the drivers, barriers and enablers for life cycle 

based energy efficiency and business solutions. Together with screening interviews with 

company representatives, this compilation formed the basis for the design of interview 

guidelines and analysis. 

1.2.1.3 WP3 ï Case studies  

Six case studies were made in three large production companies representing different 

industry sectors ABB (engineering), AB Volvo (automotive) and AkzoNobel (chemical). 

The case studies aimed at illustrating the interaction between strategy/organization and 

concrete effects on energy and the environment. Organizational conditions and potential 

impact on competitiveness were identified through documents and interviews. Data was 

collected through interviews and workshops with representatives having both 

environmental and energy efficiency positions, as well as people from product 

development, business strategy, sales and marketing. Impact and potential for 

improvement of environmental and energy effects in a life cycle perspective were 

quantified by the researches from document studies and additional information from the 

respondents. 

1.2.1.4 WP4 ï Analysis and validation  

The literature studies (WP2) and the results from case studies (WP3) jointly formed the 

base for the analysis to provide deeper understanding of ways of working and incentives 

internally and externally. To validate and strengthen the analysis and develop practical 

viable recommendations and methods, a workshop was made on the preliminary results. 

In this workshop both people from the case study companies and additional business 

representatives from the Swedish Life Cycle Center took part, as did a representative 

from the Swedish Environmental Protection Agency. 

1.2.1.5 WP5ï Dissemination of results 

Results from the project are reported on in this report, which for sake of wider 

dissemination also is part of the report series of both the Swedish Life Cycle Center and 

SP Technical Research Institute of Sweden. Preliminary results of the project have also 

been presented at the 7
th
 International Conference on Life Cycle Management in 

Bordeaux, September 2015, and discussed in a workshop within the Swedish Life Cycle 

Center.   

It became very clear during the project that there is a general need for increased corporate 

and policy understanding of the life cycle perspective. As a result it was decided to 

complement this final report with a power point targeting functions other than the 

environmental. An illustrator was engaged to assist in framing the message in an inspiring 
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and easily understandable way. The resulting power point is intended to be used within 

agencies and large companies as a point of departure for discussion and further work.  

1.2.2 Data collection 

The results in this report are based on scientific literature, company reports as well as 

primary data collected from interviews and workshops.  

1.2.2.1 Literature studies 

The literature review has been made on a range of research scholars, on drivers, barriers 

and ways forward to increase energy efficiency along the life cycle. Literature on life 

cycle assessment (LCA) and life cycle management (LCM) are complemented with 

previous research in green supply chain management, operations management, green 

lean, and energy efficiency. These provide additional insights on organizational and 

commercial challenges and limitations when attempting to apply a life cycle energy 

perspective, such as lack of motivation and discord incentives in the value chain. As this 

project mainly have been empirically based, the literature review shall not be considered 

exhaustive, and is more of a screening focusing the intersection between òtraditionalò 

energy efficiency and the management of life cycles and value chains.  

1.2.2.2 Interviews and document studies 

The case studies were selected together with the project representative of each 

participating company. After selection, in depth interviews were made with selected 

people with large involvement and knowledge in each case. 1-3 people were interviewed 

per case. In all, 11 interviews were made in the study. Each interview lasted about 1,5 h. 

Direct notes were taken in all interviews, in addition most of the in depth case interviews 

were also recoded with permission for internal notes. Case interviews were 

complemented with document studies such as company webpages, sustainability reports 

and internal documents. Interview template for the case study interviews can be found as 

Appendix A. 

Preliminary results were discussed in workshops with both the reference group and peer 

life cycle experts in the Swedish Lifecycle Center.   

1.3 Industrial context 

The project was carried out within the Swedish Life Cycle Center (SLC, formerly CPM), 

a cross-industry center of excellence focusing on the implementation of life cycle 

thinking in industry and other parts of society. Partners in SLC are ABB, AkzoNobel, 

SCA, SKF, Volvo Group, Volvo Car Group, Vattenfall, NCC Construction, the Swedish 

Environmental Protection Agency, SP, IVL, Chalmers, SLU ï Department of Energy and 

Technology and KTH. Within SLC, a wider distribution of the life-cycle concept, both 

within businesses and through value chains, has been identified as crucial for taking the 

knowledge we already have about how products and services can become more resource 

and energy efficient to use in society (CPM, 2012; CPM, 2013). 

1.4 Guide for readers 

This report is fairly comprehensive in describing procedures and results, since much of 

the results are based on understanding and context in each of the studied cases. The 
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different chapters are, however, designed to be possible to read relatively independently, 

and can be selected based on the interest of each reader.  

The concluding chapter, Conclusions and recommendations, may well be used as an 

executive summary of the entire report for those wanting a shortcut to the main results of 

the study.   

 

 

2 A value chain perspective on energy 

efficiency  

Energy efficiency in-house is a well-known win-win activity. The next step is to reduce 

energy and resources throughout the value chain, from raw material to end of life. Energy 

efficiency can be related to much more than energy used in production. In fact, most 

operations in a value chain directly or indirectly affect energy use.    

The merit of a value chain perspective is to avoid sub optimizations across actors and 

processes. It encourages people to focus on how the different parts of the production and 

consumption system are interlinked and the fact that measures in one part of the chain 

have effects in other parts. For example a company that contracts out an energy intense 

process to a supplier decreases its own impact, but in terms of the entire system no 

improvement has occurred. However, with a value chain perspective such sub 

optimisations can be avoided and optimisations made over the whole system of actors. 

This is sometimes referred to as life cycle thinking.  

2.1 Life cycle thinking 

The life cycle concept deals with energy and materials efficiency over the entire life of 

products or services ñfrom cradle to graveò, i.e. from raw material extraction, all the way 

through production, transportation, retail and use to disposal or to new products and 

services. It takes as its starting point physical flows of energy and material and emphasise 

the need to broaden the scope from optimizing a single operation or actor to optimize 

energy and resources throughout the entire value chain (Figure 2).  

 

Figure 2. With life cycle thinking, the scope of optimization of energy and resources 

extends from a single site to the full value chain.  

Some characteristics of the life cycle perspective include: 
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- It considers all impacts associated with a product or service, irrespective of where 

they occur.  

- It optimises across systems of actors instead of inside the boundaries of a 

company or function  

- It focuses measures on where the greatest impact occurs seen over the entire life 

cycle, not only on processes within the companyôs direct control.   

With this as the starting point for action, re-focusing takes place, such as: 

- An increased focus on collaboration, coordination and communication of across 

actors in the value chain 

- An altered view of responsibility and scope of action, e.g. the producing company 

acknowledging the importance of influencing raw material suppliers or the use 

phase  

- A higher degree of systems solutions, e.g. the idea of comparing value chain 

against value chain or of completely redefining business models 

- A higher awareness of risks in the entire value chain, including changes in future 

conditions of e.g. predicted resource scarcity or uncertain social and 

environmental effects.  

2.2 Life cycles stretches across actors and nations 

As stated above, life cycle thinking considers all impacts associated with a product or 

service, irrespective of where they occur. Many large corporations have global supply 

chains and products sold on international markets. Thus it is seldom feasible to discuss 

national boundaries or effects of life cycle actions (see figure 3). 

 

Figure 3. Most life cycles are global, and include activities and effects beyond a specific 

nation.  
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2.3 Products and processes can be part of many life 

cycles 

When talking about a life cycle perspective, it is important to recognize that both products 

and processes often are part of many life cycles, in which the relative contribution can 

differ significantly.  

For the life cycle of a truck, for example, the main impact in a life cycle perspective is 

related to the use phase of the product (Volvo Group Sustainability report, 2014), as seen 

in figure 4. The direct environmental impact from production made by the truck 

manufacturer is but a few percent.   

 

Figure 4. In the life cycle of a truck, the use phase represents the major environmental 

impact.   

Yet when looking at the life cycle of the production site, energy use during operation of 

the site may well be a very important part of the life cycle of the plant (Figure 5).   

 

Figure 5. Production sites are also part of the life cycle of the building. Here the use of 

the building has a major share of the total environmental and energy impact.  

Another example of the relative importance of different life cycle phases is transportation. 

Taken together, the transport sector is a very important contributor to global warming 

worldwide (UNECE, 2015). Yet in life cycle assessment studies (LCA) of specific 

products, transportation often show to have very low impact compared to other processes 

in the life cycle. Similarly, building and construction contributes a large share to energy 

use worldwide (UNEP, 2009; UNECE, 2015), although seldom even included in LCA of 

specific products.    
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Thus, in a company it can be a pedagogical challenge to make employees see their part in 

the big picture, especially as this picture can vary with perspective used.   

2.4 Policy interest in life cycle thinking 

The life cycle perspective has influenced several initiatives in European policymaking 

(see eg Finkbeiner, 2014; Dalhammar, 2007), standardization (e.g. ISO 2006 a and b) and 

handbooks (e.g. European Commission, 2010). Examples include the Ecodesign directive 

and the current work of the European Union to develop product environmental footprints 

(PEF). This interest in life cycle thinking in policy seems to persist. Sonnemann et al. 

(2015) conclude that ñthere seem to be high expectations of the future use of LCA in SCP 

policy areas such as sustainable public procurement and eco-design directives as well as 

consumer informationò (p 20).  

 

3 Drivers, barriers and enablers identified in 

the literature 

Theories about the energy efficiency in the value chain can be linked to several different 

research scholars. On the one hand, there is a body of literature on energy efficiency in 

industry and the link to the value chain. On the other hand, there is the LCA literature and 

the link to energy, as well as the LCM literature and the link to energy in value chains. In 

the following, these research scholars are briefly explored and complemented with 

previous research in green supply chain management, operations management, green 

lean, and the link to energy efficiency. These provide additional insights on 

organizational and commercial challenges and limitations when attempting to apply a life 

cycle energy perspective. 

Thus, this section provides examples of actions, barriers and solutions regarding energy 

efficiency identified in the literature on: 

¶ Energy efficiency in value chains 

¶ Life Cycle Assessment 

¶ Life Cycle Management  

¶ Green/Supply Chain Management 

¶ Green lean/operations management 

3.1 Energy efficiency in value chains 

Literature on energy efficiency in industry (processes as well as production sites), 

dwellings, offices, service buildings, and for transportation and distribution is extensive, 

and it mainly runs back to the first oil crisis in the beginning of 1970s. Nowadays, there is 

also a considerable stock of literature on energy efficient products and services from 

slightly more recent periods. The purpose of the literature review below, however, is not 

to account for these two, both quantitatively important, scientific areas ï this would be far 

beyond the scope of the study and of limited value for it, related to the required effort. 

Instead, it gives some examples from literature that address, or has the ambition to 

address, the intersection between energy efficient production and energy efficient 

products and also includes elements of a life cycle perspective. 
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In IVA (2013a), The Royal Swedish Academy of Engineering Sciences (IVA) has 

examined current energy use in Swedish industry. Three different aspects on industrial 

energy efficiency are identified: 

- Operations ï optimizing of current operations 
- Products and development ï production and process development for higher 

production efficiency, more energy efficient products. 
- Cooperation with the external environment ï cooperating in systems can further 

increase energy efficiency through the utilization of residual products and 

residual energy. 

Since the study is limited to process and manufacturing industry and measures needed to 

increase energy efficiency in industry, recommendations and proposals to industry and 

policy makers address mainly industrial operations and processes. Nevertheless, industry 

is also recommended to look beyond own activities, considering energy efficiency also in 

the next steps in the supply chain, and policy makers are suggested to support 

cooperation in a systemsô perspective in order to encourage e.g. energy recovery in 

streams across organizations. The authors call for instruments to overcome barriers and 

create incentives for this kind of extended cooperation along supply chains (IVA, 2013a).  

Likewise, the building sector is encouraged to increase the systemsô perspective in its 

value chains, e.g. through the establishment of a R&D program for renovation and energy 

efficiency improvements in the building sector (IVA, 2012).  

Though it is not an important direct energy user, the service sector has surprisingly strong 

influence on indirect energy use through procurement criteria on suppliers and products, 

and decision makers in the service sector and policy makers are encouraged to increase 

incentives between the actors in the service value chains (IVA, 2013b).  

3.1.1.1 The link between energy efficiency and energy efficiency in value 

chains 

IVA (2013a) points out that an isolated, strictly national focus on the use of energy and 

other resources in industry may prove counterproductive; a globally more energy efficient 

product manufactured with a relatively high energy use in one country may result in 

lower final energy use in another country. This aspect is valid also for other sectors where 

goods and services cross national borders. 

In Helldal & Tenne (2009), products are classified from an end user perspective in active 

and passive products (Figure 6): 

¶ Active products: require input and/or influence other products during the use 

phase  

¶ Passive products: do neither require important input nor influence other products 

during the use phase. 

The life cycle impact assessment profile differs between these product groups, and efforts 

to reduce the environmental impact and use of resources, e.g. energy, should be focused 

accordingly. The efforts to reduce environmental impact and resource use from passive 

products should be concentrated to manufacturing, raw material production and end-of-

life, while measures to reduce impact and resource use from active products should be 

focused on the use phase and its optimization (Lindahl 2000 in Helldal & Tenne, 2009). 

The categorization in active and passive products can be used as a ñshortcutò to a hot-

spots analysis based on a full or screening LCA, and also in combination with e.g. eco-



17 

© SP Sveriges Tekniska Forskningsinstitut AB 

design tools such as the Eco-strategy wheel (Norrblom et al 2000 in Helldal & Tenne, 

2009) and or Design for Environment (DfE). 

 

Figure 6. Active and passive products (from Lindahl et al. 2000, modified in Helldal & 

Tenne 2009) 

3.1.1.2 Barriers  

IVA (2013a) identifies the following barriers to cost-efficient energy efficiency measures 

in industry:  

- Competition for limited resources within companies (time and money) ï priority 

to core business 

- Lack of or insufficient knowledge 

- Financial calculations that do not take life cycle costs into account, combined 

with separate budgets for investments and operations 

- Little external pressure (customers, owners, shareholders, governments etc.)  on 

increased energy efficiency 

Although the authors point out that an isolated, strictly national focus on the use of 

energy and other resources may prove counterproductive (see above), the summary of 

current political drivers and barriers addresses mainly either industrial operations and 

processes or energy efficient products and processes, which illustrates the risk for 

suboptimisation mentioned above.  

Neij (2007) (in Larsson et al. (2009)) also lists a number of barriers to increasing energy 

efficiency in organizations, including limited an asymmetrically distributed knowledge 

and information on energy efficiency, split incentives for energy efficiency between 
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budgets, and availability of energy efficient technology. IVA (2012) further highlights 

that the connection and coordination between long term goals and political/societal 

instruments are insufficient, and presents a set of recommendations to correct these 

shortcomings (see below). 

In the service sector, the interest in energy efficiency measures and investments are fairly 

low, since energy costs are modest compared to other costs (IVA 2013b).  

3.1.1.3 Drivers 

The drivers for increased energy efficiency in industry mentioned in IVA (2013a), IVA 

(2012) and, to some extent, IVA (2013b) are: 

- The national energy efficiency goal (20% less energy input per GDP in 2020 

compared to 2008) 

- The energy efficiency directive (see below) 

- The eco-design directive (minimum energy performance requirements and energy 

labeling) 

The energy efficiency directive was implemented in Swedish law in 2014, when the 

Swedish parliament decided that (Sveriges Riksdag, 2015):  

- Large companies (at least 250 employees and annual sales of over 50 million 

SEK or a balanced sheet total exceeding 43 million EUR per year) shall carry out 

an energy survey every fourth year. The survey shall include cost efficient 

measures for energy efficiency improvements. 

- Suppliers of electricity shall invoice the customers for the metered consumption 

of electricity, if the supplier has access to measurements. 

- Requirements are tightened on the public sector to be more energy efficient. 

Industries and district heating companies planning to build larger electricity production 

facilities, industrial plants or district heating networks shall carry out a cost-benefit 

analysis, taking available surplus low grade heat into account. 

Most of the provisions entered into force June 2014.  

The Environmental Code is an overarching driver for increased energy efficiency in 

industry. This piece of legislation contains a number of general rules of consideration that 

express, for instance, principles regarding resource management, recycling and suitable 

localization of activities and measures. Supervisory and licensing authorities have the 

power to base their decisions on these general rules of consideration concerning e.g. 

permit conditions (IVA, 2013a). 

Specifically for the building sector, IVA (2012) mentions the Swedish implementation of 

the directive on energy performance of real estate, according to which all new buildings 

are to be ñvery low energy buildingsò from 2020 (for official buildings, the provision is 

applicable already in 2018). Initiatives for energy effective office buildings are found 

within Belok (2015) and STIL (ES 2015:05). 

3.1.1.4 Enablers 

Current enablers for increased energy efficiency in industry reported in IVA (2013a) 

include energy mapping cheques and regional planning. The energy mapping cheques 

address companies with an energy use exceeding 500 MWh per year or 100 animal units, 
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and a cheque entitles the company to a subsidy of 50% (maximum SEK 60 000) of the 

costs for mapping the energy use. All Swedish counties develop regional development 

plans that include coordination of processes of importance for sustainable regional 

development and facilitate cooperation across counties. Well-functioning processes may 

bring about the integration of growth and energy efficiency.   

Since the study is limited to process and manufacturing industry and measures needed to 

increase energy efficiency in industry, recommendations and proposals to industry and 

policy makers address mainly industrial operations and processes: 

Industry 

- Demonstrate leadership, set goals and evaluate them 

- Ensure knowledgeable and committed employees  

- Create structures and systems, e.g. management systems 

- Be proactive and allocate funds 

- Create sustainable visions for the future  

Policy makers and public authorities 

- Show that energy efficiency is prioritized 

- Support knowledge growth and provide tools 

- Focus in particular on SMEs 

- Facilitate financing 

- Support ñthe voice of the customerò 

- Invest in the future 

Nevertheless, industry is also recommended to look beyond own activities, considering 

energy efficiency also in the next steps in the supply chain, and policy makers are 

suggested to support cooperation in a systemsô perspective in order to encourage e.g. 

energy recovery in streams across organizations. The authors call for instruments to 

overcome barriers and for incentives for this kind of extended cooperation along supply 

chains.  

IVA (2012) gives a series of recommendations to decision-makers in the real estate 

sector, e.g. stricter construction regulations for renovation and new construction to 

encourage the application of solutions with higher energy efficiency, and an R&D 

programs in energy efficiency in buildings, e.g. to encourage the application of a systems 

perspective in the real-estate sector.  

In IVA (2013b), the energy use in the service sectors (consulting sector, restaurants, 

hotels and supermarket) has been also investigated. The authors point out, that due to an 

advanced position in the value chain, service companies are in a good position to 

influence the energy consumption of suppliers and customers in their value chain by 

procurement, setting standards and developing business concepts. 

 Since the service sector is less exposed to competition from abroad than manufacturing 

industry, higher energy prices would probably be the most efficient measure to increase 

interest for energy efficiency in the service sector (IVA, 2013b). However, in order to 

achieve the greatest possible energy efficiency gains in the service sector, it is often 

necessary to involve subcontractors and customers in energy-saving initiatives, and the 

authors recommend increased incentives for cooperation between players in service 

sector organizationsô value chains. 

 



20 

© SP Sveriges Tekniska Forskningsinstitut AB 

3.2 Life Cycle Assessment 

Life cycle assessment (LCA) is a systems-oriented methodology for the assessment of 

material and energy flows and their environmental impacts related to a product or a 

service, all the way from raw material extraction, to disposal (Baumann and Tillman, 

2004). LCA studies are recognized for their ability to identify hotspots of environmental 

impact along the value chain, including direct and indirect energy usage and resource 

flows. LCA is often considered a prerequisite of life cycle management (see e.g. Rebitzer, 

2005) although some scholars argue that full quantitative LCA studies are not essential 

for life cycle thinking and management in general (Baumann and Tillman, 2004).  

3.2.1.1 The link between energy efficiency and LCA 

The LCA literature focuses on the performance of LCA studies of different levels of 

detail (screening or full) to know and learn, find hot spots etc. These studies are then 

argued to be applicable for learning and decision making in a range of corporate functions 

such as marketing, sourcing, product and process development (see e.g. Baumann and 

Tillman 2004, Sonnemann et al 2015). Energy sources, energy efficiency and their 

environmental implications in terms of e.g. global warming potential are often very 

important parts of an LCA study.  

3.2.1.2 Drivers 

There are many reasons for performing LCA studies. Increased knowledge and reduced 

risk through the assessment of own impact and hot spot analysis of what are the main 

contributing processes in the value chain are  important driving forces. There could also 

be direct and indirect market advantages such as data for information and labelling, 

increased legitimacy or as a response to marketing claims from competitors (Rex and 

Baumann, 2004).   

3.2.1.3 Barriers  

The LCA literature as such seldom focus managerial or relational issues. Identified 

barriers regards most often constraints of undertaking LCA studies, rather than 

implementing LCM in the organization (Mortimer, 2010).  

Identified barriers for undertaking LCA studies primarily focus on tools and methods, and 

related time and money needed to perform the studies, (see e.g, Rebitzer, 2005, Rex and 

Baumann 2008, Baumann and Tillman, 2004). Common barriers identified include: 

- Takes time 

- Costs money 

- Lack of data 

- Lack of specialist competence   

- Lack of developed methods 

- Lack of standardized methods 

 

3.2.1.4 Enablers 

The LCA literature has put much effort into facilitating the ñtechnical conditionsò of 

performing LCA, in order to reduce identified barriers. A lot of efforts have been made to 

develop the LCA methodology, both to be more ñaccurateò, and to make the act of 

performing LCA more easy and rapidly usable with less resources (Baumann 1998, 

Rebitzer 2005). 
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Another line of action has been to work with data availability, through data bases, data 

formats etc. A lot of progress has also been made on both data formats and availability in 

the last decade. Related to this is the development of tools and guidelines, such as the 

ILCD handbook, for example (European Commission 2010). Based on the notion that 

different types of companies seems to adapt LCA differently, sector-specific 

recommendations and guidelines is also common approach (Mortimer, 2010). 

A smaller stem of research has been focusing organizational aspects such as how to 

encourage and ease the institutionalization and individual adaptation of LCA as an 

environmental technique within the company (see e.g. Rex and Baumann 2007). 

 

3.3 Life Cycle Management 

The life cycle management (LCM) literature is not any uniform scholar of theory. It often 

has its roots in life cycle assessment, and has evolved by seeking inspiration from a range 

of other knowledge fields such as organizational theory, (Baumann 1998, Heiskanen 

2002), knowledge management (Nilsson-Lindén 2014), operation management (Löfgren 

2012) and social practices (Schmidt, 2013).    

Possible actions in life cycle management are countless and can be classified in many 

ways. A common practice is to present actions related to different functions of the 

company, such as product development, purchasing, marketing etc. (see e.g. Baumann 

and Tillman 2004, United Nations Environment Program 2007).  

LCA (life cycle assessment) is a central method in LCM, as one of the most common 

tools used to monitor status quo and potential improvement options. Other related 

methods and tools include social LCA, life cycle costing (LCC), and various footprints, 

among others (cf. e.g. UNEP/SETAC 2009, Sonnemann et al. 2015).      

3.3.1.1 The link between LCM and energy efficient value chains 

A central idea in life cycle management is the shift in focus from optimizing one actorôs 

own production processes, to extend the scope and improve environmental (or 

sustainability) performance based on the full value chain, from raw material to waste 

handling (c.f. e.g. Sánchez, Wenzel et al. 2005, Rebitzer 2015). Depending on the type of 

product and the company´s role in the value chain, small changes in one part of the value 

chain may have substantial effects in another. This is valid not least for energy efficiency, 

which is one aspect among others dealt with within LCM.  

3.3.1.2 Drivers  

Life Cycle Management (LCM) has been described as making life cycle thinking and 

product sustainability ñoperationalò, in a dynamic, voluntary and step-wise process 

(United Nations Environment Programme, 2007). Rationales for taking on such an 

approach includes improved image, visibility and stakeholder relations, increased 

shareholder value, and an increased awareness and preparedness for changing regulatory 

contexts (United Nations Environment Program 2007). It has also been argued to be an 

opportunity to differentiate through sustainability performance on the market place, a way 

to work with all departments of a company, and a way to enhance collaboration with 

stakeholders along the value chain (Sonnemann and Margni 2015). 
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3.3.1.3 Barriers  

There are many tools and methods associated with LCM, with LCA as a prominent yet 

not the only tool emphasized, as seen above. Parts of the barriers to LCM are associated 

with the lack of availability and success when trying to implement and use such tools (see 

e.g. Sánchez, Wenzel et al. 2005). Another barrier is the complexity of considering and/or 

organizing entire value chains (Rebitzer 2015, Nilsson-Linden 2014, Mortimer 2010). 

What more is, the responsibility for who should take on this approach is not clear, e.g. 

what actor in the value chain could or should take lead to optimize the entire system? 

Sonnemann et al 2015 suggests that the sustainability departments of large multinational 

companies often are in a position to coordinate the implementation of LCM. Yet this 

seems mainly to regard the internal implementation in each company.  

Mortimer (2010) makes a comprehensive literature review and list 32 enablers and 

barriers to undertaking LCM associated to four different levels: 

- Individual: e.g. narrow technical or organizational skills or low access to 

authority.  

- Organization: e.g. inflexible management programs, high direct and transactional 

costs, lack of commonly defined visions and goals, commitment, training and 

resources. 

- Organizational field (supply chain): e.g. lack of data, increased risk due to 

increased dependency, customer resistance or limited understanding, lack of 

influence in the value chain  

- Broader system (society and institutions): e.g. low or lack of market demand and 

constraints from current production and consumption system and culture.  

When it comes to internal implementation of LCM, several researches in life cycle 

management have observed divergent interpretations among employees on what 

environmental and life cycle related actions and ambitions means for the organization 

and for their work practices (Heiskanen 2000, Rex 2008, Schmidt and Remmen 2013). 

Actions and responsibilities related to environment or life cycle thinking are typically 

regarded as technical issues related to the responsibility of the environmental department 

alone (Rex and Baumann, 2006; Schmidt and Remmen, 2013). There is also a lack of 

translation to operational action over and above the environmental departments (Rex 

2008).  

3.3.1.4 Enablers 

Life cycle management aims to affect entire value chains, in themselves embedded in a 

wider societal and institutional system. As such increased stakeholder demand beyond 

end of pipe focus, and the emergence of strategic and cooperative approaches across 

actors in the value chain has been identified as enablers for LCM adoption (Mortimer 

2010), along with internal integration within each firm.  

To this end, most research of LCM focuses on internal resources and practices in 

organizations as enablers or barriers of life cycle management. Based on a review of 

LCM literature, Nilsson-Lindén et al. (2014) identified the main critical success factors 

for LCM found in the literature to be (c.f. also e.g. Sonnemann et al. 2015): 

- Top management support 

- Communication and interaction  

- Integration across functions 

- Part of everyday practice 
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- Alignment with business strategy 

- Knowledge of LCM 

- Holistic environmental approach  

- Collaboration of product chain actors  

Nilsson-Lindén et al. (2014), conclude that LCM literature mainly identify factors that 

ought to be considered, and even tend to have a òfeeling of utopian descriptionsò 

encompassing holistic management in the entire product chain with all actors and 

function included. To this end, the list above could be seen as reflecting a desired state of 

reaching ñoptimal conditionsò for LCM. Examples of LCM work can also be found 

aimed at inspiring companies to adopt LCM (see e.g. UNEP/SETAC 2009). The question 

largely remains on how to achieve this in practice.  

One line of research in LCM takes a descriptive approach to LCM, usually following 

internal company practices through the use of case studies. Identified enablers in this 

literature often relate to the understanding of human and organizational factors, some 

examples being: 

- Providing communities of practice to exchange experiences among practitioners 

across industries (Rex and Baumann 2008, Mortimer 2010) 

- Finding a framing that makes a broader group of employees concerned about the 

question. Schmidt and Remmen (2013), for example, found that employees in 

their case study more easily got involved in aspects framed as sustainability than 

environmental.  

- Having a life cycle champion, entrepreneur, or pioneer, assuming the 

responsibility to drive the issue forward, and translating and adapting the practice 

to the individual context of the company has also been continuously recognized 

as important for LCM adoption (see e.g. Baumann 1998, Rex and Baumann 

2007, Sonnemann et al. 2015). 

Organizational challenges for LCM, preferably with greater influences from management 

science, are increasingly recognized as important to study in order to assist in the 

development for increased capacity building and mainstreaming of life cycle management 

in practice (Sonnemann et al. 2015). 

 

3.4 Green/sustainable supply chain management 

Just like the life cycle management literature, the supply chain management literature is 

not a uniform scholar of theory.  Some researchers have described different scholars of 

theories and analyzed the conceptualizing of global supply chains and sustainable 

development (Boons, Bauman and Hall, 2012). The conceptualizing are influenced by 

mainstream sciences, such as economics and management sciences, sociology and 

organizational science, as well as described as social networks in governance studies, and 

environmental systems engineering. 

The main body of literature is related to management science, such as the leadership and 

management of supply chains (Zakris, 2002), as well as the role of a focal company and 

the power in the supply chain (Seuring, 2004; Kogg, 2009).  There is another body of 

literature based on organization theory, such as descriptions of product chain 

organizations PCO, and combined with environmental systems engineering (Bauman, 
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Brunklaus, et al 2015). Descriptions of social networks and governance are found in 

studies on green public procurement (EU, 2015; CSR Vast, 2011) and auditing (Zanden, 

2015; Locke et al 2013).  

According to the council of supply chain management professionals (Jaggernath, 2015) 

supply chain management SCM has been described/defined as ñintegration of planning, 

analyzing, coordinating and scheduling of every activity involved in sourcing and 

procurement, conversion and logistics management activities. SCM encompasses all 

logistics management activities and manufacturing operations, as well as marketing, 

sales, product design, and finance and information technologyò. 

Green supply chain management GSCM has been described/defined as SCM with 

environmental awareness, an emphasis on green productivity and decrease in 

environmental impact (assessed by LCA) during each link in the value chain by reducing 

energy consumption, reducing consumption of natural resources, reducing pollution 

related problems and increasing recycling to harness the future use of raw materials and 

supply (Jaggernath, 2015). In the 80s the drive towards sustainability had three focus 

areas: dematerialization, detoxification and de carbonization which led to the 4Rs 

(reduce, reuse, recycle and redesign), and activities like green procurement, energy 

efficiency, and reduction of GHG emissions and waste, promoting recycling and 

biodegradables (Jaggernath, 2015).  

Challenges facing GSCM practitioners and implementations (Jaggernath, 2015): 

- incompetent use of information,  

- lack of collaboration due to companies being too busy or intellectual property 

concerns 

- cost containments,  

- lack of SC visibility,  

- risk management,  

- increasing customer demand for SCM,  

- globalization  

GSCM includes organizational performances requirements (cost, quality, time, 

flexibility), and green supply chain alternatives (TQEM, ISO14000, ISO 9000), according 

to Sarkis (2002). Lately the focus from energy and materials in green SCM (Sakris, 2002) 

has been changed to sustainable supply chain management, and social issues have 

become popular, especially in textile and food supply chains (Seuring, 2004; Seuring et al 

2008; Kogg, 2009, Chkanikova and Koog 2011, RSCN 2012). Kogg and Mont point out 

the degree of coordination and power in supply chains (2012).  

Figure 7 shows a framework to conceptualize different approaches to implement 

upstream CSR (Kogg, 2009).  



25 

© SP Sveriges Tekniska Forskningsinstitut AB 

 

Figure 7. A framework to conceptualize different approaches to implementation of 

upstream CSR (Kogg, 2009) 

Possible actions in green/sustainable supply chain management are mostly related to 

information and material flows (Seuring, 2004), while energy issues are more seldom 

addressed specifically (Sakris, 2002). A common practice is to present actions related to 

different functions of the company, such as purchasing, procurement, logistics, marketing 

etc. Compared to LCM that do not have a function on its own in companies, sustainable 

supply chain management often has a more expressed function, although focusing more 

on social and health issues.   

3.4.1.1 The link between energy efficiency and SCM 

A central idea in green supply chain management is to improve the efficiency of the 

whole supply/value chain. GSCM include activities like green procurement, energy 

efficiency, and reduction of GHG emissions and waste, promoting recycling and 

biodegradables. Regarding sustainable supply chain management, a central idea is to 

visualize the supply chain and create trust for the customer regarding social issues and 

risk (Jaggernath, 20015). 

3.4.1.2 Drivers  

The green/sustainable SCM literature as such seldom focuses energy efficiency issues. 

Identified barriers regard most often collaboration and sharing of information within the 

global supply chain, rather than implementing energy efficiency measures.  

A central reference is the article by Walker et al (2008), which includes drivers and 

barriers to environmental supply chain management, as well as measures to overcome 

these barriers.  

Identified drivers for undertaking SCM include internal and external drivers: 
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- Internal drivers are organization-related (skillful policy entrepreneurs, desire to 

reduce costs, pressure from investors, manage economic risk, improve quality, 

values of founder/owner, managers improving position in company, employee 

involvement) 

- External drivers are regulatory (legislative and regulatory compliance, proactive 

action pre-regulation, ISO14000), customers (pressure by customers to green 

supply chain, collaborate with customers, E-logistics and environment, marketing 

pressures), competition (gaining competitive advantage, improve firm 

performance), society (stakeholders can encourage environmental strategy, 

potential for receiving publicity, public pressure, reduce risk of consumer 

criticism, non-economic stakeholder, pressure by advocacy groups), and suppliers 

(collaborate with suppliers, supply integration).  

3.4.1.3 Barriers  

Identified barriers for undertaking SCM in the study by Walker et al (2008) include:  

- Internal barriers are costs, lack of training and commitment, lack of 

understanding of how to incorporate green into buying, lack of buyer awareness, 

lack of legitimacy and greenwash. 

- External barriers are regulations inhibiting innovations, poor supplier 

commitment unwillingness to exchange information and different sectors have 

different challenges. 

 

In her dissertation, Kogg (2009) studies the implementation of upstream CSR and 

describes the following challenges: 

- going beyond first tier supplier,  

- inter-organizational and intercultural communication,  

- motivating change in supplier activities and monitoring,  

- willing/ability to change sourcing,  

- lack of competence in the focal firm and at suppliers.  

 

3.4.1.4 Enablers 

The green/sustainable SCM literature as such seldom focus on solutions to overcome 

barriers. A central article is the article by Walker et al (2008), which includes measures to 

overcome SCM barriers. The following solutions to overcome internal and external 

barriers, have been identified:  

- Internal solutions: regarding cost and unawareness, training has been 

recommended. Another solution is to make people sympathetic for the problem 

and thus more motivated to work with the issue.  

- External solutions: regarding regulations, flexible best available techniques BAT 

is used. To overcome external poor supplier commitment, close supply chain 

relations and cooperative customer-supplier relationship is used. To overcome 

sector specific barriers, awareness has been used.  
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3.5 Green lean, operations management and energy 

efficiency 

Lean production, or in short Lean, is an interpretation of the successful production 

concept and òphilosophyò first developed and adopted by Toyota, based on continuous 

improvement, flexible and low input processes adapted to customer requirements (e.g. 

Helldal & Tenne 2009).  

As mentioned in Löfgren (2009), taking only parts of the life cycle into account when 

investigating a decision makersô influence on environmental performance and use of 

resources introduces the risk of sub optimisation. However, despite its process 

perspective, Lean does not take the whole life cycle into account, but focuses more on the 

production or steps before distribution, which has been pointed out by Larson and 

Greenwood (Helldal & Tenne, 2009), EPA (2003) and Larsson et al (2009). To address 

this shortcoming, the integration of environmental aspects and Lean production has been 

suggested (e.g. Helldal et al 2009), which below is denoted Green lean. 

Mollenkopf et al. (2010) report that Wal-Mart has recognized that aligning green and lean 

practices drives the financial performance of the firm and earns respect from customers 

(Friedman, 2008, in Mollenkopf et al. 2010), and that General Motors, Andersen 

Corporation, Intel, 3M, and Com Ed have saved significantly by integrating green and 

lean initiatives (United States EPA, 2000, in Mollenkopf et al. 2010). Similar examples 

of compatible green and lean supply chain strategies can be seen in the furniture industry 

(Handfield et al. 1997, in Mollenkopf et al. 2010). However, it is not explicitly mentioned 

whether these examples and effects represent assessments taking the whole life cycle 

perspective into account and whether energy efficiency has contributed to the results. 

Similarily, Helldal & Tenne (2009), studying the truck and bus manufacturer Scania, 

Sweden, showed increased energy efficiency, and attributed to waste elimination. 

Whether energy efficiency increased also from a life cycle perspective was not reported. 

3.5.1.1 The link between energy efficiency and green lean 

Mollenkopf et al. (2010) give an account for a literature review covering the interface 

between green, lean, and global supply chain strategies. The authors refer to ñgreen 

supply chain strategiesò as efforts to minimize the negative impact of firms and their 

supply chains on the natural environment. A green supply chain focus requires working 

with suppliers and customers, analysis of internal operations and processes, 

environmental considerations in the product development process, and extended 

stewardship across productsô life-cycles (Corbett and Klassen, 2006; Mollenkopf, 2006, 

in Mollenkopf et al. 2010). The authors state that causal relationship between lean 

processes and environmental sustainability has been much debated in literature (King and 

Lenox, 2001, in Mollenkopf et al. 2010) and refer to research that suggest that lean and 

green practices may not always be compatible, which is supported by a survey on 

emissions of organic compounds from manufacturing plants. Furthermore, lean 

manufacturing and mass customization require more setups, which generate more waste 

and use more energy (King and Lenox, 2001, in Mollenkopf et al. 2010). However, 

innovative firms with continuously improving manufacturing processes seem to be more 

likely to take on environmental innovations (Florida, 1996, in Mollenkopf et al. 2010). 

3.5.1.2 Drivers  

According to Mollenkopf et al. (2010), the integration of lean supply chain processes and 

environmental practices is driven both by internal and external factors. The authors 

mention cost reduction and profitability from gaining new market segments, commodity 



28 

© SP Sveriges Tekniska Forskningsinstitut AB 

risk management, and the preservation of a corporate culture as examples of internal 

drivers (Friedman, 2008; Kleindorfer and Saad, 2005; Kleindorfer et al. 2005, in 

Mollenkopf et al. 2010), while external drivers include governmental (Hansen et al. 2004; 

Cole, 2008; Kleindorfer et al. 2005, in Mollenkopf et al. 2010), customer and 

environmental pressures (Cole, 2008; Hall, 2000; Vachon and Klassen, 2006a, in 

Mollenkopf et al. 2010), a similar focus on continuous innovation and process 

improvement (Florida, 1996, in Mollenkopf et al. 2010), and the potential for further 

profitability through added customer value (Kleindorfer et al. 2005, in Mollenkopf et al. 

2010).  

3.5.1.3 Barriers  

Among the barriers to implementing green and lean supply chain strategies, Mollenkopf 

et al. (2010) mention lack of environmental awareness (Rothenberg et al., 2001, in 

Mollenkopf et al. 2010), lack of metrics (Mollenkopf et al. 2010) the common belief that 

environmental practices do not pay (Porter and van der Linde, 1995, in Mollenkopf et al. 

2010), and the perception that green initiatives are time consuming and expensive.  

3.5.1.4 Enablers 

Mollenkopf et al (2010) point out the demand for high levels of information sharing, 

rapid performance improvements with suppliers and minimal transaction costs (Dyer, 

1997; Lamming, 1993, in Mollenkopf et al. 2010) as necessary for lean supply 

arrangements, and conclude that this type of relationship may provide the incentive firms 

need to bridge the lean and environmental supply chain practices of their suppliers 

(Simpson and Power, 2005, in Mollenkopf et al. 2010).  

In Helldal & Tenne (2009), the truck and bus manufacturer Scania in Södertälje, Sweden, 

claimed that dedicated management, resources, competence, established and 

implemented working routines and tools, and, finally, visible results that are evaluated are 

the key to better environmental performance indicators, such as energy efficiency.  

Using the limitations of LCA as a support for decision making in daily work and the 

success of total quality management (TQM) as starting points, Löfgren (2009) proposes 

three methods of ñmanufacturing LCMò: 

- Relating environmental impact and resource use to a particular manufacturing 

industry actor (instead of relating them to a life cycle step); 

- Relating environmental impact and resource use to a manufacturing process, 

omitting the material that is actually delivered as product leaving the system; 

- Using discrete-event simulation (DES) combined with LCA to capture the 

dynamics of the manufacturing system to help manufacturing decision makers 

find ways to improve the environmental performance of processes for which they 

are responsible. 

In the discussion on advantages and disadvantages with these proposals, the first method 

adds little additional information compared to relevant scenarios applied to an ordinary 

contributions analysis. The second method identifies own manufacturing processes 

influencing the environmental performance in a conventional cradle-to-gate analysis - no 

assessment of overall environmental impact is carried out. Hence, there is a risk of sub 

optimization, and the method should be used in combination with an ordinary LCIA. 

While including the most ñoperations managementò and dynamic aspects of the three 

methods, the third method is time consuming since it requires environmental performance 

data corresponding to specific simulation parameters.  In the discussion of further 
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research, Löfgren (2009) points out that more research is needed to allow manufacturing 

decision makers to assess the business consequences of a decision that will change the 

environmental performance of a process for which they are responsible. 

3.6 Summary of lit erature 

The studied bodies of knowledge all have their perspectives on energy efficiency in value 

chains, although with different starting points and actions in focus. Energy efficiency as 

such is most pronounced in the energy efficiency and operations management literature, 

although the life cycle perspective cannot be considered prominent in this literature. The 

LCA, LCM and (green) supply chain management literatures has a stronger value chain 

focus, but here energy efficiency is but one aspect among others.  

Within both life cycle management and green/sustainable supply chain management, a 

central idea is to improve the efficiency of the whole supply/value chains, through better 

information, collaboration and material flows. The LCA and LCM literature centers on 

optimizing material flows, and have been rather normative in its character with a strong 

focus on tools, data and procedures. In sustainable supply chain management focus is 

more on the organizational practices and relations, where for example collaboration, 

motivation and power in the supply chain seems to be important. While in supply chain 

management, the companies and suppliers and customers are in focus, the governance 

studies focus on external help, such as NGOs. However, more studies are dedicated to 

social and health issues, while energy efficiency is seldom included. (Notably there was a 

general lack of studies showing the practical effects of measures taken in terms of actual 

energy improvements achieved).   

3.6.1.1 Drivers 

Within green/sustainable supply chain management, there are a large number of internal 

and external drivers identified. Internal drivers include reduced costs, pressure from 

investors, management of economic risk, improved quality, values of founder/owner, 

managers improving position in company and employee involvement. External drivers 

are related to regulation, customer, competition, society, and suppliers. Similar driving 

forces can be found in the LCA/LCM literature, although with additional emphasis on 

learning, hot spot analysis, environmental risk and sustainability differentiation on the 

market.  

Notably energy efficiency literature is the area where legal requirements are the most 

pronounced as driver for action. The national energy efficiency goal, the energy 

efficiency directive and the eco-design directive are emphasized as the main drivers for 

increased energy efficiency in Swedish industry. Yet these directives rarely ensure energy 

efficiency from a life cycle perspective. 

3.6.1.2 Barriers  

Energy efficiency literature emphasizes the requirements of cost-effectiveness of energy 

measures and points out competition for limited resources within companies (time and 

money), insufficient or asymmetrically distributed knowledge, financial calculations not 

accounting for life cycle costs combined with separate budgets for investments and 

operations, and finally  little external pressure on increased energy efficiency as main 

barriers to cost-efficient energy efficiency measures in industry.  

In the LCA and to some extent also LCM literature lack of tools, standardizations and 

data are further enhanced, as is the top management support for life cycle action. Within 
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green/sustainable supply chain management, barriers regards similarly sharing of 

information within global supply chains, but also relate to collaboration, lack of training 

and understanding of how to incorporate green into corporate functions such as 

purchasing.  

3.6.1.3 Enablers 

In energy efficiency literature, energy mapping cheques (i.e. financial support for energy 

surveys) and administrative instruments (e.g.  regional planning) are current enablers for 

increased energy efficiency in process and manufacturing industry. Furthermore, 

leadership, organizational structures and commitment are also mentioned as important 

enablers in industry, while policy makers are suggested to support cooperation in a 

systemsô perspective along and across organizations. Since the service sector is less 

exposed to competition from abroad than manufacturing industry, higher energy prices 

would probably be the most efficient measure to increase interest for energy efficiency in 

this sector. 

In line with identified barriers, enablers found in the LCA and LCM literature include 

development of tools and methodologies, the set-up of databases and data formats, and 

identification of recommendations and best practices in different industries. In 

comparison, green/supply chain management, has a greater focus on supply chain 

relations, cooperative customer-supplier relationships and training. Such more 

organizational and procedural aspects of management has historically been less 

prominent in the LCM literature, although it starts so be more recognized as important in 

order to make LCM more ñmainstreamò (Sonnemann et al. 2015).  Possibly, in this 

ambition, a greater exchange between LCM and green supply chain management would 

be fruitful.   

4 Case studies 

The case studies are based on projects in three large multinational production companies 

active in Sweden: Volvo AB, ABB and AkzoNobel. The companies are part of the 

Swedish Life Cycle Center, and the case studies provide examples of actions, barriers and 

enablers regarding energy efficiency in the value chain.  

The purpose of the case studies is to illustrate the interaction between strategies and 

organization, and concrete effects on energy and the environment. Organizational 

prerequisites, and potential impact on competiveness, were mapped through documents 

and interviews with representatives from different functions (environment, market, 

business, product, and process development). Calculations of theoretical and practical 

effects on energy and carbon were made by the researchers based on data found in each 

case study.  

4.1.1 Selection of case studies 

The selection of case studies was made based on screening interviews with environmental 

managers in each of the studied companies. We particularly asked for cases that either 

had an energy efficiency focus, or were examples of life cycle thinking with energy 

implications throughout the value chain.  

Six cases of energy efficiency were chosen, two in each company:   

¶ Energy efficiency at production ï idle electricity reduction per plant. (AB Volvo) 
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¶ Energy efficiency at building - demand of 25% energy reduction on new 

buildings. (AB Volvo) 

¶ Group objective on energy efficiency in production. (ABB) 

¶ From selling energy efficient motors to selling energy services. (ABB)   

¶ Target on reduced carbon footprint across the value chain. (AkzoNobel) 

¶ The Intersleek eco-premium solution in marine coatings. (AkzoNobel) 

The case studies were selected to reflect different levels in the organization, such as 

production level, product level, and strategic level.  

The screening interviews were complemented with semi-structured in depth interviews 

with project leaders and other central personnel related to each case, as well as company 

webpages, sustainability reports and internal documents. Interview template for the case 

study interviews can be found as Appendix A. 

4.1.2 Aspects of interest 

The case studies have been created based on the categories drivers, barriers, enablers, 

effect on energy and effect on competitiveness: 

¶ Drivers - are related to the initiation of the energy efficiency project studied.  

¶ Barriers and enablers - are related to the process of the energy efficiency 

project. 

¶ Effects on energy - are related to the theoretical and practical effects, basically 

kWh and CO2 emissions.  

¶ Effects on competitiveness - are related to impact on economic results, as well 

as company image, credibility, stakeholder relations etc.  

In the next sections each company and their sustainability strategies are described in 

general, the selection of the cases are described for each company, as well as the barriers 

and enablers for each studies case. At the end of each case, the effects on energy (and 

carbon emissions) are calculated and the effect on competitiveness is described.  

4.2 Volvo Group 

The Volvo Group is one of the worldôs leading manufacturers of trucks, buses, 

construction equipment and marine and industrial engines. The Group also provides 

complete solutions for financing and service. The Volvo Group, with its headquarters in 

Gothenburg, employs about 100,000 people, has production facilities in 19 countries and 

sells its products in more than 190 markets. In 2014 the Volvo Groupôs net sales 

amounted to about SEK 283 billion. The Volvo Group is a publicly-held company, AB 

Volvo, and shares are listed on Nasdaq Stockholm (Volvo Group 2015a).  

4.2.1 Sustainability and energy efficiency at Volvo Group  

The Volvo Group's vision is to become the world leader in sustainable transport solutions 

by: creating value for customers in selected segments, pioneering products and services 

for the transport and infrastructure industries, and driving quality, safety and 

environmental care working with energy, passion and respect for the individual (Volvo 

Group 2015a). 
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The company is divided into several business areas, where group truck operations account 

for almost two-thirds of the Groupôs total turnover (Volvo Group 2015b):  

¶ Volvo Group Trucks ï all sales and marketing in Volvo Group Trucks Sales, all 

production is grouped separately in Volvo Groups Trucks Operations, all product 

development is gathered together in Volvo Group Trucks Technology 

¶ Construction Equipment CE- Manufactures a number of different types of 

equipment for construction applications and related industries. 

¶ Buses - City and intercity buses, coaches and chassis.  

¶ Volvo Penta -  Market leader in marine and industrial engines  

¶ Governmental Sales - Sales to government agencies and organizations. 

¶ Volvo Financial Services- Delivers competitive financial solutions to Volvo 

Group customers.  

The Volvo Group is taking a strong value chain approach: 

ñAs one of the worldôs leading manufacturers of heavy commercial vehicles, the Volvo 

Group bears a responsibility for responsibly managing sustainability throughout our 

value chain. The Volvo Group takes a full value chain approach to sustainability, 

extending our influence beyond the immediate scope of our own operations to drive 

economic, environmental and social sustainability through our supply chain, distribution 

and service networks, customer base and commercial partnerships. Close collaboration 

with our key stakeholders strengthens our company and value chain, helping us to 

achieve our vision of becoming the world leader in sustainable transport solutions.ò 

(Volvo Group Sustainability Report 2014). 

4.2.1.1 Volvo Group product development and LCAs  

According to the sustainability report 2014 (Volvo Group Sustainability Report 2014), 

the Volvo Groups ñfuture successò of becoming the world leader in sustainable transport 

solutions depends on the ability to deliver innovative and financial viable products and 

service. In 2014 the Volvo Group operated from a ñstrong product portfolioò following 

the groupsô most extensive product renewal during 2013. According to the sustainability 

report 2014 the Volvo Groups product development is driven by the cost and availability 

of fuel, environmental legislation and new technologies. The long-term research and 

development that improve the sustainability on products has led to investments in CO2 

and energy efficiency among others. The Volvo Groups product development focus lies 

on energy and resource efficiency as well as conducting whole life cycle assessments 

(LCAs): 

ñFocusing our product development on using resources and energy more efficiently 

simultaneously reduces the overall environmental footprint of our products while 

supporting our costumersô profitability.ò éñWe conduct whole life cycle assessments 

(LCAs) for our products, taking into account all environmental impacts from the 

production and use of raw materials, energy and water consumption and the creation of 

waste, as well as emissions to air and water.ò (Volvo Group Sustainability Report 2014). 
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According to the sustainability report 2014 (Volvo Group sustainability report 2014), the 

environmental impact is calculated according to the EPS 2000 (Environmental Priority 

Strategies in product development) method based on willingness to pay.  The Volvo 

Groups LCAs demonstrate that more than 90% of a products environmental impact 

results from its use. One example is the environmental impact of a Renault Truck, as 

illustrated in figure 8: where impact is divided into production (+49%), fuel consumption 

(+59%), emissions (+28%), maintenance (+7%), and recycling (- 43%).  

 

Figure 8. In the Volvo Group, the largest share (about 94%) of the productsô 

environmental impact is associated with the use phase.  

4.2.1.2 Means to increase energy efficiency - environmental footprint, 

energy programs and targets 

The Volvo Group has 66 production sites in 19 countries around the world. In 2014, the 

Group delivered 203,100 trucks 8,800 busses, 61,300 units of construction equipment, 

17,400 marine equipment, and 15,300 engines for industrial applications. The Volvo 

group has reported detailed environmental data and related KPIs (key performance 

indicators) since 1991. The latest values in 2014 are absolute values and related to net 

sales for Volvo production plants in industrial operations (Volvo Group Sustainability 

Report 2014):  

¶ Energy consumption 2,176 GWh (7.9 MWh/SEK M)  reduced from 2,536 GWh 

in 2013 

¶ CO2 emissions 231,000 tons (0.8 tons/SEK M) reduce from 280,000 tons in 2013 

The Volvo Group has reached the reduced energy consumption in large parts due to an 

energy reduction program in truck manufacturing. The operations in different countries 

like in Brazil, USA and Sweden have reduced their energy and CO2 emissions. An 

example from Sweden is the transmission factory in Köping, where geothermal cooling 

reduced electricity and heating by 5,000 MWh per year. Overall, the truck manufacturing 

plants in Sweden reduced energy by 38,000 MWh (Volvo Group Sustainability Report 

2014). 
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Figure 9. Examples of results from Volvo Group energy reduction program in plants in 

Brazil, USA, and Sweden.    

In parallel to energy reductions on site level, Volvo Group has also targeted CO2 

emissions over the lifetime of their products. A part of this work has been a commitment 

to the WWF Climate savers program during 2009-2014. During the 2009-2014 program, 

one objective was a 30M ton reduction in CO2 emissions over the total lifetime of the 

truck, construction equipment and busses manufactured between 2009 and 2014, 

compared to the baseline year 2008. Already in 2013, the emissions were reduced by 

40Mton achieved through improved fuel efficiency as Volvo Group launched three 

prototype demonstrators with improved fuel efficiency by 20% (Volvo Group 

Sustainability Report 2014), see figure 11. 

           

Figure 10. Volvo Groups recent WWF Climate Saver commitment 2009-2014 is to reduce 

emissions over total lifetime with 30M ton CO2, compared to 2008.  
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