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Abstract

This report presents a project with the aim to develop methodisré@ companiesn
how towork with energyefficiency that stretchesongthe value chain. By studying
organizational conditions amhysical effects oenergy and climate faix casesn three
companiestecommendationaregivento businesses and governmeotshow b 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 prities in lineC) 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 crastor arenas to discuss atelvelop

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 thsitedshould have a plan for
how they will be C@neutral and AkzoNobel has set a target to reduce carbon footprint
by 25% in a value chain perspectii@® use the power of such voluntary effogs i

important to achieve national goals such as efficient use of energy, renewable energy,
nontoxic environment and reduced climate impact.

An important contribution is enterprisidevelopment of thieown products and services.
AB Volvo could with the prduction of its hybrid truck show 30% lower fuel
consumption (Volvo Trucks, 2014) and the ABB paint robot FlexPaiatkrcedcarbon
dioxide emissions in automotive finishibyg half (with 2,000 tonnes less carbon dioxide
and 3.4 millionSEK lower energy csts in a normasized car factor¢yABB, 2014.
Development can also be achieved through incremental improvements, where for
example the SCA during the period 268&L1 reduced the overall carbon footprint of
hygiene products such as diapers and sanitgokimaby up to 18% (CPM2013).

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 theentire value chainby reducing the need fenergy and resources throughout
thelife cycle of the product, from raw material extracttoruse anand of life Such a
"lifecycle perspective" on what should be optimized, opens up for much stronger impacts
on resource and energy efficiency, than soezs made in own operationoed. IKEA
Group's latest sustainability report shows that the group saved 40 million Euros through
energy efficiency improvements in department stores and warehouse2®(RL0
Simultaneouslythe sales olLED lights has enablgmore than twice asrgeenergy

savings amongustomers the equivalent 086 million euros- only in 2013(IKEA

Group 2014) as illustrated irfrigure 1.

Historically, Swedishindustry haseen successful increasing general productivity

while also improving energy efficiency. From 1993 to 2010, energy intensity (final
energy use per added valie)s decreasduy 36%, mainly through the introduction of
new processes or new plants (IVA, 2013a), but alsagir@onversion 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 resulenalblower energy use.

Despite promisingnergy and economic potentialdifa cycle perspectivef products

and businessés yet unusuain practice Larsson and Gebef2008)have studied supply
chains and customer requirements for energy efficianaynga range otompanies in
different sectorsVolvo, 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 pressarenergy on their suppliers. In
2013, asurvey of environmentally innovative actions among the 100 largest Swedish
companies shoadthat measures so fardhbocused primarily on energy efficiency,
renewable energy and materials within own operationsisMies 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 projecthdanise, compared to
savings at their customers due to sold LigDts.

Yet for companies tproceedn their sustainabilityambitions this iswhere many of the
solutions have tbe soughtNow that many of the "internal* measures have been
implemented, further implementationalife cycle approaclis regardedecesary.In a
study on resource efficiency in European manufacturing industries, optimization at

i ndividual company | evel was found to save ab
consumption at best, while value chain optimization had the potential to2@#chover
the entire value chainby using best available technology (Greenovate!Europe, 2012).
Also the Swedib Energy Agency identifies the life cycle perspectagecentral to achiev
the Swedish environmental objectives in areach as netoxic ervironment,reduced
climate impactind sustainable energy systei8tatens Energimyndighet011,
Energimyndigheten 20}5

Further implementation of the life cycle approach involves major challekgesblished
norms ofwhatsystemo optimize andhow risk and profitare distributed in the value
chain is challenged change mayequire new ways of looking at whose responsibility it
is to manage and develop environmental and energy issues, or new ways to organize and
manageiusinespractices Today, a lie-cycle analytical approach is often limited to
corporate environmental oesearch and development departm@hisines, 2013;Rex

and Baumanr2006). Large groups such as SCA, ABB, AkzoNobel, SKF and Volvo
Grouphave for example, alin houseexpertisem environmental or development
departmentsat the same time as they recognize lifetcycle thinking needs to have a
greater impact on decisions and practices in more parts of the organiaatisll as in

the value chairtp achieve new businegwzoducts and services with significantly less
environmental impact (CPM2012).

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 impacideartdy
waysof workingto encourage energy and resosefiicient solutions throughout the
value chain from raw material supplto end of life The project is a crogedustryand
interdisciplinary study providing recommendations for companies' internal whbile

still recognizing thastructures and incentives outsigfethe specific firmmayalso have

an impactBy increasing awareness of the opportunities and methods for wider use of
environmental life cycle, the projeaims to helfSweden achieve environmehtéad
energypolicy objectives at the same timeastribuing toincreased industrial
sustainability andompetitiveness
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1.1 Aim and scope

The purpose of this project has béemevelop method®r, and disseminate results on,

how large companies can work withergyefficiency that stretchescross actors in the

value chain. By studying both organizational conditions and physical effects on resources,
energy and climate for a number of cases, recommendatiegiven on how bsinesses

and governmentsan includeor encouragéife-cycleactions 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 benefitifromased value chain
perspectives in their energy efficiency work

1.1.1 Delimitations

This report focuses t heenérgydfficiericydalorghvalué i r més abi
chains.We specifically $udy aspectghat affect the individual company, artins that

this company can do, although recogniZingt 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 lifeycle 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 studieslare

in large multinational groups witlstrong brandand extensive experience in life cycle
thinking.

The case studies lo@k life cycle of work basedn barriers and dviers experienced

within the studied companieBocus is on bw people within the companies perceive
his/her work and its relation to other actdbtherstakeholders anactors in the supply

chain such asuppliers and customeitsave not been interviewe@he aim with the case
studies has been tingpoint aspects beyond technology and data, such as organizational
and motivational aspectwith a ocuson difficulties and possibilitieperceived in large
organizations.

1.2 Method

This project is interdiscifinary and combineterpretative research amganizational
and business perspectives on product and business strategy with the calculations of
effects on resources, energy and climate.

1.21 Procedure

The project is based on six case stuthegainin depthunderstanding of different
approaches and ways of working in large companies, andceffegits on energy and
resources through the value chaihe case studies were complemented witterature
review, and preliminary results weemalyzed and discusg with a broader group of
industry and governmengpresentatives to jointly develop and disseminatelusions
and recommendatiord$ high validity and relevance

The work was divided into five work packages (WP), which both build on each other and
werepart of an iterative process.
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1.2.1.1 WPL1i Project management

The project was managed througpraject grougonsisting ofesearchers as well as
representatives frote Swedish Life Cycle Center atite participating companieA.
reference group was also sekd with expertise in complementary fieldsluding
production law andife cycle managementhe reference group provided inputs on e.g.
findings from the literature, means to analyze data, preliminary empirical results and
possible connections to rédd studies.

1.2.1.2 WP21i Establishment of framework

A practicaly 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 literate 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 WP31 Case studies

Six case studieseremade in three large production companies representing different
industry sector&BB (engineerin, AB Volvo (automotivé and AkzoNobelg¢hemical).
The case studies aimedilistratingthe interaction betweenrategyorganization and
concrete effects on energy and the environment. Organizational conditions and potential
impact on competitivenesgereidentified through documents and intervie®stawas
collected through interviews and workshops with represertahaving both
environmental and energy efficiency positions, as well as people from product
development, business strategy, sales and markétipgct and potential for
improvement of environmental and energy effécta life cycle perspectiveere
guantified by the researchigem document studies and additional information from the
respondents

1.2.1.4 WP4i Analysis and validation

The literature studies (WP2) and the results from case studies (WP3) jointly formed the
base for the analysis to provideeper understanding of ways of working and incentives
internally and externallyTo validate and strengthen the analysis and develop practical
viable recommendations and methods, a workshop was made on the preliminary results.
In this workshop both peapifrom the case study companies and additional business
representaties from the Swedish Life Cyclee@ter took part, as did a representative

from the Swedish Environmental Protection Agency.

1.2.1.5 WP5i Dissemination of results

Results from the project are repeat 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 th8 temational 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 understamy 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. Anllustrator was engaged to assist in framing the message in an inspiring
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and easily undetandable 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 repodht as w
primary data collected from interviews and workshops.

1221 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. Literaturfe on li

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
commerciakhallenges and limitations when attempting to apply a life cycle energy

perspective, such as lack of motivation and discord incentives in the valueAhtiis

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

exhaustive, and is more of a screening focusingtimet er secti on bet ween o0Otr e
energy efficiency anthe management of life cycles and value chains.

1.2.2.2 Interviews and document studies

The case studies weselected together with the projeepresentative of each

participating company. After selection, in depth interviews were made with selected
people with large involvement and knowledge in each ca3gebple were interviewed

per case. In all, 11 interviews were made in the study. Esstview 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 webpagsnability reports

and internal documents. Interview template for the case study interviews ftambes
Appendix A.

Preliminary results were discussed in workshops with both the reference group and peer
life cycle experts in the Swedish Lifecycle@er.

1.3 Industrial context

The projectwascarried out within the Swedish Lifeycle Center $LC, formerly CPM),

a crossindustry center of excellence focusing on the implementation of life cycle

thinking in industry and other parts of@ety. Partnersn SLC are ABB, AkzoNobel,

SCA, SKF, VolvoGroup Volvo Car GroupyVattenfall, NCC Constructionthe Swedish
Environmental Protection Agency, SP, IVL, Chalm&kUi Department oEnergy and
Technologyand KTH.Within SLC, awider distribution of the lifecycle concept, both

within businesses and through value chains, has been identifieacés for takng the
knowledge we already have about how products and services can become more resource
and energy efficient to use in society (CPAM12;CPM, 2013).

1.4 Guide for readers

Thisreport is fairly comprehensive in describing procedures and resatts much of
the results are based on understanding and cdnteath of the studied cas@e
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different chapters are, however, designed to be possible toetatidely independently
and can be selected based on the interest of each reader.

Theconcludingchaper, Conclusions andecommendationsnay 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 irhouse is a welknown winwin activity. The next step i®treduce

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 partiodin

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
prodwt s or services fifrom cradle to graveo,
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 materinghesise

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 optimizatiorérgy 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 symnhs of actors instead of inside the boundaries of a
company or function

- It focuses measures on where the greatest impact caeemsover the entire life
cyclenotonlyon pr ocesses widitettdgomrolt he company6s

With this as the starting poinoif action, refocusing takes place, such as:

- An increased focus on collaboration, coordination and communicatianross
actors in the value chain

- An altered view of responsibility arstope of actione.g. the producing company
acknowledging the impontee of influencing raw material suppliers or the use
phase

- A higher degree of systems solutions, e.g. the ideeoofparingvalue chain
against value chain or of completely redefining businesdels

- A higher awareness of risks in the entieduechain, 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 pribkl@ct 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 recogimtdothproducts

and processes ofteme 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 thedurct (Volvo Group Sustainability report, 2014), as seen
in figure 4. Thedirect 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 thife cycle of theproduction site, energy use during operation of
the site may well ba very important part of the life cycle of the planigifie 5).

Figure 5. Production sites are also part of the life cycle of the building. Hereigbeof
the buildinghas a major share of the total environmental and energy impact.

Another example of the relative importance dfatent 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 hagegy 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, ina compaw it can be a pedagogical challerigenake employees s#eir 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 inggan 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 prodgua@ioamental footprints

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

(2015) conclude that fAthere seem to be high e
policy areas such as sustainable public procurement@rdesign directives as well as

consumer informationo (p 20).

3 Drivers, barriers and enablersidentified in
the literature

Theories about thenergy efficiency in the value chatan be linked to several different
research scholar®n 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, andhe link toenergy efficiency. These provide additional insights on
organizationahnd commercial challenges and limitations when attempting to apply a life
cycle energy perspective.

Thus, his section provides examplesaaftions barriers andolutionsregarding energy
efficiencyidentifiedin the literature on

Energy efficiency in &lue chains

Life Cycle Assessment

Life Cycle Management
Green/Supply Chain Management
Green lean/operations management

= =4 -8 A A

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 19¥0w/adays, there is
also a considerable stock of literature on energy efficient products and séreme

slightly more recent periods. The purpose of the literature review below, however, is not
to account for these two, both quantitatively important, scientific &réas would be far
beyond the scope of the study and of limited value for it, kkat¢he 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 perspectiv
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In IVA (2013a), The Royal Swedish Academy of Engineering Sciences (IVA) has
examined current energy use in Swedish indu3tnyee different aspects on industrial
energy efficiency are identified:

- Operationd optimizing of current operations

- Productsand development production and process development for higher
production efficiency, more energy efficient products.

- Cooperation with the external environméntooperating in systems can further
increase energy efficiency through the utilization of deal products and
residual energy.

Since the study is limited to process and manufacturing industry and measures needed to
increase energy efficiendy industry, recommendations and proposals to industry and
policy makers address mainly industrial opersgiand processeldevertheless, industry

is alsorecommended ttwok beyond own activitiespnsidering energy efficiency also in

the next steps in the supply chain, and policy makers are suggestgybtot

cooperation n a sy st e modertpencosrgye &g énergy recovery in

streams across organizations. The authors call for instruments to overcome barriers and
create incentives for this kind of extended cooperation along supply ¢han2013a)

Likewise, the building sectorisencauged t o i ncrease the systems?éo
value chains, e.g. through the establishmentR&B programfor renovation and energy
efficiency improvements in the building sector (IVA, 2012).

Though it is not an important direct energy user, thesesector has surprisingly strong
influence on indirect energy use throyglocurement criteriaon suppliers and products,

and decision makers in the service sector and policy makers are encouraged to increase
incentives between the actors in the servalee chains (IVA, 2013b).

3.1.1.1  The link betweenenergy 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 tlabate 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 perspectietve
and passive productBifure 6):

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

1 Passive products: do neither require important input nor influence other products
during the use phase.

Thelife cycle impact assessmerbfile 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 usefssive

products should be ooentrated to manufacturinggw material productioand enebf-

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 &eT2009).

The categorization in active and passive prod
spots analysis based on a full or screening LCA, and also in combination with e.g. eco
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design tools such as the Estrategy wheel (Norrblorat al2000 in Heldal & Tenne,
2009) and or Design for Environment (DfE).

/ Product \

/ Active \ Passive

Require other products
e.g. expendable supplies
and/or energy to receive
the function. Examples
are washing machines
and TV-sets.

Does not have any major
impact on other
products’ function
during use and does not
require other products
e.g. expendable supplies
and/or energy to receive
its own function.

Influence other products
during the use-phase.
Examples are pallets and
containers.

/ \ Examples are desks and
The focus ought to be on \ DOUble/ The § o hammers.
reducing the use of active € focus ought to be on

other products e.g.
expendable supplies
and/or energy

and optimizing the
shape in order to
improve the load
capacity

e.g. reducing the weight l

Focus ought to be on
reducing the
environmental impact
during manufacturing
and end-of-life.

Combination of above.
Examples are
automobiles and
aircraft.

The focus ought to be on a combination of e.g. reducing the weight and
optimizing the shape in order to improve the load capacity and reducing
the use of other products e.g. expendable supplies and/or energy

Figure 6. Active and passive products (from Lindahl et al. 2000Jifieal in Helldal &
Tenne 200

3.1.1.2 Barriers

IVA (20139) identifies the following barriers toostefficient energy efficiency measures
in industry:

- Competition for limited resources within companies (time and moin@yjority
to core business

- Lack of or insufficient knowledge

- Financial calculations that do not take life cycle costs into acceonipined
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 operaibns a
processes or energy efficient products and processes, which illustrates the risk for
suboptimisation mentioned above.

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

efficiency in organizations, including lited 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 coordinatiagtlween 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 intereseimergy efficimcy measures and investments are fairly
low, gnce energy costs are modesmpared to other cas{IVA 20131).

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 gpeanput per GDP in 2020
compared to 2008)

- The aergy efficiency directivésee below)

- Theecodesign directivéminimum 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. Thavey 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 fhublic 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 abewstfit
analysis, taking available surgliow grade heat into account.

Most of the provisias entered into force June 2014.

The Environmental Code is an overarching driver for increased energy efficiency in
industry. Thispiece of legislatiorontains a number of general rules of considerdkiah
express, for instance, principles regarding resource management, recycling and suitable
localization of activities and measur&aipervisory and licensing authorities have the
power to base their decisions on these general rules of consideratiomsunesy.

permit conditions (IVA, 2013a).

Specifically for the building sector, IVA (2012) mentions the Swedish implementation of
thedirective on energy performance of real estateording to whiclall new buildings
are to be dver yofronro2020 ¢an aficig uildmgs, tHe grovisignss
applicablealreadyin 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 acheque entitles the company to a subsidy of 50% (maximum SBR®®f the

costs for mapping the energy use. All Swedish counties develop regional development
plans that include coordination of processes of importance for sustainable regional
developmenand facilitate cooperation across counties. Wilgictioning processes may
bring abouthe integration of growth and energy efficiency.

Since the study is limited to process and manufacturing industry and measures needed to
increase energy efficiency 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 sgsts, 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 fAthe voice of the customeroo
- Invest in the future

Neverthelesdndustry isalsorecommended to look beyond own activities, considering

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

suggestd t o support cooperation in a systemso6 per
energy recovery in streams across organizations. The authors call foamests to

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

chairs.

IVA (2012) gives a series of recommendations to decisiakers 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, aR&Bn
programs in energy efficiency in buildings, ei@encourage the application of a systems
perspective in the realstate sector.

In IVA (2013b), the energy use in the service sectors (consulting sector, restaurants,
hotels and supermarket) has been algedtigated. 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 dgvelg 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 sect@(12013b). 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 esavgyy initiatives, and the
authors recommend increased incentives fopeaation between players in service
sector organizations6 value chains.
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3.2 Life Cycle Assessment

Life cycle assessment (LCA) is a systeonented methodology for the assessment of
material and energy flowand their environmental impacts related to a produa
service all the wayfrom raw material extractiorip disposal (Baumann affdliman,

20049). 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 (sé&ebitger,
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 dhe performance of CA studiesof different levels of
detail(screening or full) to know and learn, find hot spots Ehese studies are then

argued to be applicable for learning and decision making in a range of corporate functions
such as marketing, sourcing, product aretpss 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 ae many reasons f@erforming 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 relatieswes. Identified
barriers regards most often constraints of undertaking LCA studies, rather than
implementing LCM in the organizatidiMortimer, 2010)

Identified barriers for undertaking LC#tudies 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 aumann and Tillmar004) Common barriers identified include:

- Takes time

- Costs money

- Lack of data

- Lackof specialist competerc

- Lack of developed methods

- Lack of standardized methods

3.214 Enablers

The LCA literature haput much effort into facilitating thitechnical conditions o f

performing LCA, in order to reduce identified barriekdot of efforts hae been made to

develop the LCA methodolgdyot h t o b e mo toeakéthecactofr at ed, and
performing LCA more easy and rapidly usable with less reso(Ba@snann 1998,

Rebitzer 2005).
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Another line of action has beenwmrk with data availabilitythrough 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 isdlegelopment of tools and guidelinsgch as the

ILCD handbook, for exampl@European Commission 20LBased on the notion that
different types of companies seems to adapt LCA differeseigtorspecific

recommendations and guidelinesalso common approa¢hlortimer, 2010)

A smaller stem of research has been focusing organizational aspects susti@s ho
encourage andase the institutionalization and individual adaptatairLCA as an
environmental technique within the company (seeReg.and Baumann 20Q7)

3.3 Life Cycle Management

The life cyclemanagement (LCMIjterature is noainy 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, (Bau29® Heiskanen

2002, knowledge management (Nilssbimdén 2014), operation management (Lofgren
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 NinsEnvironmentProgram 200Y.

LCA (life cycle assessment) écentralmethod in LCM as oneof the most common
toolsusedto monitor stats quo and potential improvement optio®@ther 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 valuechains

A central idea in |Iife cycle management
own production processes, to extend the scope and improve environmental (or
sustainability) performance based on the full value chain, from raw materiaste wa
handling (c.f. e.gSanchez, Wenzel et al. 2005, Rebitzer 20D&pending 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 anothbis is valid not leastofr 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 fAoper-abseipmeessl 0, i n
(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
contextgUnited NdionsEnvironmentProgram 2007). It has also been argued to be an
opportunity to differentiate through sustainability performammcéhe market place, a way

to work with all departments of a compaaynda way toenhance collaboration with
stakehallers along the value chai8dnnemann 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 thelack of avdability and succesghen trying tamplementnd usesuchtools(see
e.g.Sanchez, Wenzel et al. 200Bhother barrier ishe complexity of considering and/or
organizing entire value chair{®ebitzer 2015NilssonLinden 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 thastistainability departments of large tingtional
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 taundertaking LCMassociated 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 definedsions and goals, commitment, training and
resources.

- Organizational field (supply chaink.g. lack of data, increased risk due to
increased dependency, customer resistance or limited understanding, lack of
influence in the value chain

- Broader system (stety 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 obsendidergentinterpretations among employees on what
environmental and life cycle related actions and ambitions means for the organization
and for their work practicefHeiskanen 2000, Rex 2008, Schmidt and Remmen 2013)
Actions and responsibilities related to enviramnor life cycle thinking are typically

regarded as technical issues related to the responsibility of the environmental department
alone(Rex and Baumanr2006 Schmidt and RemmeR013) There is also a lack of
translation to operational action over aitbve the environmental departments (Rex

2008).

3.3.14 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 tlenergence 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 intersaliees and practices in
organizations as enablers or barriers of life cycle management. Based on a review of
LCM literature, NilssorLindén et al. (2014) identified thmain critical success factors
for LCM found in the literature to be (c.f. also éspnnemann 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

NilssonLindén et al. (2014), conclude that LCM literature mainly identify factors that

ought to be considered,nd even tend to have a o0ofeeling of
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 foptforx@GM. Examplesdf LCM wonkscan also be found

aimed at inspiring companies to adopt LCM (see e.g. UNEP/SETAC 2009). The question
largelyremains 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 undersding of human and organizational factors, some
examples being:

- Providing communities of practice to exchareggeriences among practitioners
across industries (Rend Bauman2008 Mortimer 2010

- Finding a framing that makes a broader group of emplogeeserned about the
question.Schmidt and Remmen (2013pr example found that employees in
their case study more easily got involved in aspects framed as sustainability than
environmental.

- Having a life cycle champign entrepreneur, or pioneerassumig the
responsibility to drive the issue forward, and translating and adapting the practice
to the individual context of the compahgs also been continuously recognized
as important for LCM adoptiotisee e.g. Baumann 1998, Rex and Baumann
2007, Sonnemanet al. 2015%.

Organizational challengdsr 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/tife management
in practice (Sonnemann et al. 2015).

3.4 Green/sustainable supply chain management

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

not a uniform scholar of theory. Some researchers have desdiffeeent 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 sciencegysatl
organizational science, as well as described as social networks in governance studies, and
environmental systems engineering.

The main body of literature is relatedn@nagement scienceuch as the leadership and
management of supply chains (Zisk2002), 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 oarganization theorysuch as descriptions of product chain
organizations PCO, and combined wittvieconmental systems engineering (Bauman,
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Brunklaus, et al 2015). Descriptionssafcial networks and governanaee found in
studies on green public procurement (EU, 2015; CSR Vast, 2011) and auditing (Zanden,
2015; Locke et al 2013).

According to the concil of supply chain management professionddggernath, 2015)

supply chain managementS@vas been described/ defined as
analyzing, coordinating and scheduling of every activity involvesbimrcing and

procurement, conversiand logistics management activiti€&CM encompasses all

logistics management activities and manufacturing operatassvell asnarketing,

sales, product design, and finance and information technology

Green supply chain management GSKad8 been descebl/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 chagduming
energy consumption, reducing consumption of natural resources, rechalotion

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 waicto lthe4Rs

(reduce, reuse, recycle and redesigmd activities likegreen procurement, energy
efficiency, and reduction of GHG emissions and waste, promoting recycling and
biodegradablegJaggernath, 2015).

Challenges facing GSCM practitionensd inplementationgJaggernath, 2015):

- incompetent use of information,

- lack of collaboration due to companies being too busintllectual property
concerns

- cost containments,

- lack of SC visibility,

- risk management,

- increasing customer demafa SCM,

- globalization

GSCM includes organizational performances requirements (cost, quality, time,
flexibility), andgreen supply chain alternatives (TQEM, 1ISO14000, ISO 9000), according
to Sarkis (2002). Lately the focus from energy and materials in green Sakis(8002)

has been changed to sustainable supply chain managaméssbcial issues have

become popular, especially in textile and food supply chains (Se@06d;Seuring et al
2008;Kogg, 2009, Chkanikova and Koog 2011, RSCN 2012). Kogg and Mant pot

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

Figure7 shows a framework to conceptualize different approaches to implement
upstream CSR (Kog@009).
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Qperational

Management
Implementation

Approaches to adress
environmental and social
aspects in the supply chain

Indirect approaches
Compensations schemes
Filanthropy, efc.

L)

Direct approaches

Compliance with criteria as a parameter in .Interorganisational management of
sourcing/purchasing decisions: environmental and social aspects in the
Products/suppliers meeting enviornmental criteria supply chain:
. readly available on market and relevant aspects Prodlicts/suppliers meeting enviornmental eriteria not
easily verifiable: readily available onn market:
- Supplier selection - Exercise influence: communicate, motivate, enable

—  Product/component selection

_  Matenial selection Relevant aspects not easily veriiable:

Establish internal and/or external system for
monitoring/testing/evaluation

‘ Collaborative action ‘ ‘ Independent action ‘

Figure 7. A framework to conceptualize different approaches to implementation of
upstream CSR (Kogg, 2009)

Possible actions igreen/sustainabkupply chain management are mostly related to
information and material flows (Seuring, 2004), while energy issues aresalmom
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 irpanores, 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 efficietihey o

whole supply/value chain. GSCM include activities lifteen procurement, energy
efficiency, and reduction of GHG emissions and waste, promoting recycling and
biodegradablesRegarding 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 collaboratiad aharing 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, asawelieasures to overcome
these barriers.

Identifieddrivers for undertaking SCM include internal and external drivers:
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- Internal driversare organizatiomelated (skillful policy entrepreneurs, desire to
reduce costs, pressure from investors, manage edonk, improve quality,
values of founder/owner, managers improving position in company, employee
involvement)

- External driversare regulatory (legislative and regulatory compliance, proactive
action preregulation, 1SO14000), customers (pressure by customers to green
supply chain, collaborate with customerdpgistics and environment, marketing
pressures), competition (gaininggompetitive advantage, improve firm
performance), society (stakeholders can encourage environmental strategy,
potential for receiving publicity, public pressure, reduce risk of consumer
criticism, noneconomic stakeholder, pressure by advocacy groupsyugpliers
(collaborate with suppliers, supply integration).

3.4.1.3 Barriers
Identified barriersfor 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 inqoorate 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 moriitg,

- willing/ability to change sourcing,

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

3414 Enablers

The green/sustainable SCM literature as such seldom focus on solutions to overcome
barriers. A central article is the article by Walker et aD@0which includes measures to
overcome SCM barriers. The following solution®tercome internal and external
barriers, have been identified:

- Internal solutions: regarding cost and unawareness, training has been
recommendedAnother solutionis to makepeople sympathetitor the problem
and thus more motivated to work with the issue.

- External solutionsregarding regulations, flexible best available techniques BAT
is used. To overcome external poor supplier commitment, close supply chain
relations andcooperative customeupplier relationship is used. To overcome
sector specific barriers, awareness has been used.
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3.5 Green lean operations managemengand energy
efficiency

Lean productionor in short Leanis an interpretation of the succesgfubduction

concept and oOophilosophyo first dews|l oped and
improvement, flexible and low input processelmpted to customer requiremefes.

Helldal & Tenne 2009).

As mentioned in Lofgren (2009), taking only partshee life cycle into account when
investigating a decision makersdé influence on
resources introduces the risk of sub optimisation. However, despite its process

perspective, Lean does not take the whole life cycleaotount, 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 Larss@h(2009) To address

this shortcoming, the integration of environmental asputisLean production has been

suggested (e.g. Helldat al2009), which below is denoted Green lean.

Mollenkopfet al (2010) report thatVal-Mart has recognized that aligning green and lean
practicedrives the financial performance of the firm and eaaspect from customers
(Friedman, 2008n Mollenkopfet al. 2010), and thabBeneral Motors, Andersen
Corporation, Intel, 3M, and Coied have saved significantly by integrating green and
lean initiatives (United StatdsPA, 2000 in Mollenkopfet al 201Q. Similar examples

of compatible green and lean supply chain strategiebe seen in the furniture industry
(Handfieldet al. 1997 in Mollenkopfet al 2010) However, it is not explicitly mentioned
whether these examples and effects represent assdsdaléng 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, anthatid to waste elimination.

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

3.5.1.1  The link betweenenergy efficiency and green lean

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

bet ween green, | ean, and gl obal reeapply chain
supply chain strategiés effarts to minimize the negative impact of firmusd their

supply chans on the natural environme#t.green supply chain focus requiresrking

with suppliers and customers, analysis of internal operations and processes,
environmental considerations in the product development process, and extended
stewar dshi p a ecycles(GorbptrrandKlagsens2006;IMbllen&opf, 2006

in Mollenkof 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 Mollenkopét al.2010) and refer to research that suggest that lean and
greenpractices may not always be compatible, which is supported by a survey on
emissions of organic compounds from manufacturing plants. Furthermore, lean
manufacturing andhass customization require more setups, which gena@e waste

and usenoreenergy (Kng and Lenox, 2001in Mollenkopfet al.2010. However,

innovative firms with continuously improving manufacturing processes seem to be more
likely to take on environmental innovations (Florida, 1996vioilenkopfet al.2010).

3.5.1.2 Drivers
According toMollenkopfet al.(2010), the integration of lean supply chain processes and

environmental practices is driven both by internal and external factors. The authors
mentioncost reductiorandprofitability from gaining new market segmentsmmodity
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risk managemnt and the preservation ofcarporate cultureas examples of internal
drivers (Friedman, 200&leindorfer and Saad, 2005; Kleindorfetral 2005 in
Mollenkopfet al.2010), while &ternaldrivers includegovernmenta{Hanseret al. 2004;
Cole, 2008; Kleindorfeet al 2005 in Mollenkopfet al.2010, customer and
environmental pressuré€ole, 2008; Hall, 2000; Vachon and Klass2d)6a in
Mollenkopfet al.2010, a similar focus ocontinuous innovation and process
improvementFlorida, 1996 in Mollenkopfet al 2010, and the potential for further
profitability through added customer val(ideindorferet al. 2005 in Mollenkopfet al.
2010.

35.13 Barriers

Among the barrierto implementing green and lean supply chain stratelyleenkopf
et al.(2010) mentiorack of environmental awarene@dothenberg et al., 200ih
Mollenkopfet al.2010), lack of metric{Mollenkopfet al.2010)the commorbelief that
environmental practicedo not pay(Porter and van der Linde, 1996 Mollenkopfet al.
2010, and theperception that green initiatives dime consuming and expensive.

35.14 Enablers

Mollenkopfet al (2010) point out the demand for high levelsrdbrmation sharing,

rapid performanceémprovementsvith suppliers andgninimal transactiorcosts(Dyer,
1997;Lamming, 1993in Mollenkopfet al 2010)as necessary for lean supply
arrangements, and conclude that tigpe of relationship may provide the incentive firms
need tdoridge the lean and environmental supply chaatiices of their suppliers
(Simpsonand Power, 20Q%n Mollenkopfet al. 2010).

In Helldal & Tenne (2009), the truck and bus manufacturer Scania in Sddertalje, Sweden,
claimed thatledicated management, resources, competestahlished and
implementedvorking routinesandtools and, finally,visible resultghat are evaluated are

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

Using the limitations of LCA as a support for decision malkmdaily work and the
success of total quality management (TQM) as starting points, Léfgren (2009) proposes
three methods of fAmanufacturing LCMO:

- Relating environmental impact and resource use to a particular manufacturing
industry actor (instead of relati 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 discreteevent 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, théhéicst me

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

contributions analysis. The second metiashtifiesownmanufacturing processes

influencing the environmental performance in a conventional ctadiate analyis - 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 fAoperatiheems manageme
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, Lofgren (2009) points out that more research is needed to allovachanmg
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 literature

The studied bodies of knowledge all have their perspectives ogyegficiency 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 consibgreminent 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 rilaaiagement, 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 irnésacter 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 impowiénite 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 seldomdadluNotably there was a
general lack of studies showing the practical effects of measures taken in terms of actual
energy improvements achieved).

36.1.1 Drivers

Within green/sustainable supply chain management, there are a large number of internal
and externladrivers identified. Internal drivers include reduced costs, pressure from
investorsmanageient ofeconomic risk, improwkquality, values of founder/owner,
managers improving position company and employee involvement. External drivers

are related toegulation, customer, competition, society, and suppl&silar driving

forces can be found in the LCA/LCM literature, although \aidditionalemphais on

learning, hot spaanalysis, 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. Thational energy efficiency gaaheenergy

efficiency directiveand theecodesign directiveare emphasized as the mdniversfor
increased mergy efficiency in Swedish industry. Yet these directives rarely ensure energy
efficiency from a life cycle perspective.

3.6.1.2 Barriers

Energy efficiency literaturemphasizes the requirements of esfééctiveness of energy
measures angoints ait competition for limited resources within companies (time and
money), insufficienbr asymmetrically distributekihowledge financial calculationgot
accounting fotife cycle costs combined with separate budgets for investments and
operationsandfinally little external pressure on increased energy efficiency as main
barriers to cosefficient energy efficiency measuresimaustry.

In the LCA and tssome extent also LCM literature lacktobls, standardizations and
data are further enhanced, asis top management support for life cycle action. Within
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green/sustainable supply chain managententjers regardsimilarly sharing of
information withinglobal supply chais) but also relate toollaborationlack of training
and understanding of how itacorporate green intoorporate functions such as
purchasing

3.6.1.3 Enablers

In energy efficiency literature, energy mappemgque (i.e. financial support for energy
surveys)and administrative instruments (e.g. regigrlahning) 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 suggesiadpport cooperatiam a

syst emsd amegrasrress brganizations. 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 incredeeest for energy efficiency in
this sector.

In line with identified barriers, enablers found in the LCA and LCM literature include
development of tools and methodologig setup of databases and data formats, and
identification ofrecommendationsna best practices in differentdustries. In

comparison, green/supply chain management, has a greater focus on supply chain
relations, cooperative custorssupplier relationships artcaining. Such more

organizational and procedural aspects of managehasntistorically been less

prominent in the LCM literature, although it starts so be more recognized as important in
order to make L CNSommemaeet d. 2045). Pedsiblyeia thi®
ambition, a greater exchange between LCM and green sumpgly management would

be fruitful.

4 Case studies

The case studiese 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 catalies provide examples of actions, barriers and
enablers regarding energy efficiency in the value chain.

The purpose of the case studies is to illustraténtieeaction betweestrategies and
organizationand concrete effegton energy and the envirment Organizational
prerequisites, and potential impactampetivenessyeremapped through documents

and interviews with representatives from different functions (environment, market,
business, product, and process developm@atlculations of theorieal and practical
effectsonenergyand 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 tistudied 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:

1 Energy efficiency at productidnidle electricity reduction per plantAB Volvo)
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1 Energy efficiency at building demand of 25% energy reduction on new
buildings.(AB Volvo)

Group objective on energy efficiency in producti¢hBB)

From selling energgfficient motors to selling energy servicésBB)

Target on reduced carbon footprint across the value didinoNobe)

The Intersleek ecpremium solution in marine coatingé\kzoNobel)

= =4 —a -

The case studies were selected to reflect different levels iorganization, such as
production level, product level, and strategic level.

The screening interviews were complemented with stractured 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 catdgeeies barriers, enablers,
effect on energgnd effect on competitiveness:

Drivers - are related to the initiation of the energy efficiency projtadied.

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

project

i Effects on energy- are related to the theoretical andgiical effects, basically
kWh andCQO, emissions.

9 Effects on competitiveness are related to impact on economic resudts well

as company imageredibility, stakeholder relations etc.

1
1

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 enablerfor each studies casAt the endof each casehe effects onrergy (and

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

4.2 Volvo Group

The Volvo Group is one of the worlddos | eading
construction equipment and marine and industrial engines. The Groyp@isies

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 t heetsaes90 mar ket s.
amounted to about SERB3 billion. The Volvo Group is a publiclyeld company, AB

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

4.2.1 Sustainability and energy efficiency at Volvo Group

The Volvo Group's vision is to becomeetivorld 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 engrgassion and respect for the individual (Volvo
Group 2015a).
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The company is divided into several business areas, where guolkpperations account
foralmosttwet hi rds of the Groupbés total turnover (V

1 Volvo Group Trucks i all salesand 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

1 Construction Equipment CE- Manufactures a number of differetypes 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 orgaoazati

Volvo Financial Services Delivers competitive financial solutions Ylvo

Groupcustomers.

= =4 =4 =2

The Volvo Group is taking a strong value chain approach:

ifiAs one of the worldds | eading manufacturers
Group bears aesponsibility 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, environmentand 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 visionofoc omi ng t he worl d | eader in sustaina
(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),

t he Vol vo Gruocucpess sfiof uotfurbeecomi ng the worl d | ead
solutions depends on the ability to deliver innovative and financial viable products and
service. In 2014 the Volvo Group operated fro

t he gr o extesside pmdusttenewal 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. Thetemng research and
developmenthtat improve the sustainability on products has led to investme@,in

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
(LCASs):

i F o mgoarr product development on using resources and energy more efficiently

simultaneously reduces the overall environmental footprint of our products while
supporting our costumersé profitability. o énWw
(LCASs) for our poducts, 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 e(vuolve Group Sustaingbility Report 2Gl4 d wat er .
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According to thesustainability 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 demnstrate 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%), emission§+28%), maintenance (+7%), and recycling$%).

s

Figure 8. In the Volvo Group, the |l argest share ( a
environmental impact is associated with the use phase.

4.2.1.2 Means to increase energy efficiencyenvironmental 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,380 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 planis industrial operations (Volvo Group Sustainability
Report 2014):

1 Energy consumption 2,176 GWh (7.9 MWh/SEK M) reduced from 2,536 GWh
in 2013

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

The Volvo Group has reached theueed energy consumption in large parts due to an
energy reduction prograinm truck manufacturing. The operations in different countries
like in Brazil, USA and Sweden have reduced their energyCamdemissions. An

example from Sweden is the transmisdmatory in Kping, 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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Reduced energy

and CO2
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Brazil Reduced energy
\ 38000 MWh
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Figure 9. Examples of results from Volvo Group energy reduction progratains in
Brazil, USA, and Sweden.

In parallel to energy reductions on site level, Volvo Group has also ta@éted

emissions over the lifetime of their products. A part of this work has been a commitment
to theWWF Climate savers program during 262014.During the 20022014 program,

one objective was a 30M ton reductiord@®, emissions over the total lifetime ofeth

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 demastrators with improved fuel efficiency by 20% (Volvo Group
Sustainability Report 2014), see figure 11.

Objective 2014: - 30 Mton CO2

Figure 10. Volvo Groups recent WWF Climate Saver commitment-2009 is toreduce
emissions over total lifetime thi30Mton CO,, comparedo 2008.
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