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Abstract: The potential for integrating principles of lean management and sustainability initiatives
has been recognized in earlier research. The present study argues for the need to focus on how this
should be implemented and to acknowledge the criticality of developing individuals’ competencies
to support such integration. The purpose of this paper is to explore the integration of lean and energy
efficiency practices and provide practical examples of such integration. This study is explorative in
nature and based on a qualitative research approach. Primary evidence was collected through an
interview study of 19 participants in a lean energy course, and through a participant observation
at a company workshop following up the program results. Secondary evidence was collected on
the development and evaluation of this course. By operationalizing sustainability through energy
efficiency and combining with lean principles, organizations can exploit continuous improvement
efforts for sustainable development. This paper focuses on professional education as a component
for integrating improvement initiatives and sustainable development. Whilst professional education
enables individual learning, organization-wide efforts are needed to follow up on the educational
program and support a scaling-up of lean energy. The scaling-up means that the organization itself
encourages the use of principles and tools to identify and remove energy waste and support a move
from local practices to shared experience.
Keywords: lean; energy efficiency improvement; continuous improvement; sustainable development;
professional education; organizational renewal

1. Introduction
Operations processes in a variety of sectors, such as manufacturing, processing, and logistics,
are powered by energy. For these processes, efficient and effective use of energy is one of the
most immediate actions towards sustainable development, decreased emission, improved resource
utilization, and the transition to renewable energy. Hence, improvements supporting energy efficiency
are beneficial for sustainability. In organizations, foundations for continuous improvement of
operations are found in management principles and practices such as quality management and
lean management. When conceptually integrated [1] with energy efficiency improvements, these
fields create a promising pathway to sustainable development in that economic and environmental
benefits are combined in a distinct manner. A growing number of organizations are focusing on energy
efficiency as means of sustainable development of their operations [2]. To achieve this, organizations
benefit from existing improvement principles and practices. The present paper presents a perspective
on such an integrative effort through the conception of lean energy.
Recent literature has acknowledged the potential benefits of combining quality management
and sustainability [3] and lean and green [2,4,5]. To achieve the effects of lean and green, they must
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be implemented simultaneously rather than sequentially [4,6]. However, although literature has
reported on a range of achievements from lean and green initiatives [2,4], fewer attempts have been
made to merge the fundaments and principles these provide [4]. The present paper builds on lean
management as means of improving sustainable business practices and operations processes and
focuses on energy efficiency initiatives as part of organizations’ sustainable development efforts in
general, and educational initiatives in particular. Against this background, the purpose of the paper is
to explore the integration of lean and energy efficiency practices, and to provide practical examples of
such integration.
This paper presents one way of operationalizing sustainable development by focusing on energy
efficiency as the focal point of improvement, and by combining it with the principles of lean. In addition
to this combination, the key contribution of this paper is its focus on professional education of the
individual as one enabler for combining lean with energy efficiency initiatives, and the recognition of
organizational effort to scale-up the application and to release a wider potential. The remainder of the
paper is organized as follows. The next section presents the conceptual underpinnings of our approach
to sustainable development, followed by a methods section and a section that presents the findings.
The paper ends with a discussion and conclusions, including limitations as well as implications for
research and practice.
2. Literature and Conceptual Approach
Previous research has widely acknowledged the role of quality management as a way of
integrating sustainability in daily practices [3]. There has also been research advocating the potential
of integrating sustainability and lean initiatives [7]. This section provides an overview of these two
areas and then conceptualizes lean energy.
2.1. Quality Management as a Basis for Sustainability Improvement
Robèrt et al. [8] distinguished between sustainability in terms of principles and sustainable
development as a process that entails a transition leading to “a certain favorable outcome” (p. 198).
To achieve this, sustainable development can benefit from its conceptual complementarity of the
improvement principles that lean entails. In particular, lean can be used as a catalyst for specific
environmental sustainability practices such as pollution prevention practices [9] by looking at operators
working in the processes that consume energy. This allows companies to use resources efficiently
through less costly processes while maintaining standards for workers’ well-being [10]. One way
to integrate sustainability in organizations’ daily practices is by integrating it into existing work
practices and tools such as quality management as well as other improvement initiatives [5,11–13].
Siva et al. [3] identified four areas that have been in focus in research studying integration between
quality management and sustainability: (1) integration of management systems for quality and for
environmental sustainability; (2) use of quality management experiences to support implementation
of environmental management systems; (3) support for integration of sustainability considerations in
daily work; and (4) support in the areas of stakeholder management and customer focus.
The present paper departs from two of the areas identified by Siva et al. [3], namely quality
management experience and integration in daily work, in order to explore the potential for integrating
lean and energy efficiency practices. Quality management is here seen as an approach based on the
principles of customer focus, continuous improvement, and teamwork, all supported by practices and
tools [14]. Similar to this, lean offers an integrative approach to continuous improvement of operations
processes. Lean is an operations strategy that focuses on improvements and prioritizes flow efficiency
over resource efficiency [15]. In a similar vein as quality management—when operationalized into
principles, practices and tools [14]—lean is often supported in its application by principles such as
people engagement [16] and continuous improvement [17]. These principles are, in turn, supported by
practices related to areas such as waste removal [18,19] and tools such as value stream mapping [20].
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2.2. Sustainable Development and Lean
The move towards simultaneous improvement of sustainability performance and operational
efficiency has been referred to as “lean and green” [7]. Examples of this synergistic relationships
between environmental and operational performance include waste reduction, lead time reduction,
product design, people and organizations, and supply chain relations [4,21,22], as well as improving
supply monitoring, transparency, workforce treatment, and community engagement [23,24]. These
synergies suggest that lean practices can help companies to become greener and improve operational
performance. Despite attempts to approach these synergies through “environmental innovation”
aiming to transform a production system into a lean system (improving both operational and
sustainable performance) [25], research on approaches helping managers to integrate lean and green in
practice is still limited [7,21]. Lean and green are not easy to implement simultaneously [25] and calls
have been made for new management models [26] as well as further conceptual understanding [4,7].
Abreu et al. [7] observed that eco-efficiency is a translation of “creating more with less”. In line
with this, lean has proved to be a well-suited approach in improving energy efficiency of operations.
Practices such as waste reduction, pollution prevention, and energy efficiency can be improved through
methods such as 5S and value stream mapping, which are used to reduce waste and to improve energy
efficiency through means such as better use of space, lead-time reduction, reusing heat, and aligning
energy usage (for example, uptime of machines, lighting, heating) with flow principles of lean [2,4].
Moreover, it has been argued that employee involvement and quality circles stimulate new ideas to
improve environmental sustainability [2]. This points to the need to focus not only on supportive tools
but also on the necessary implementation structures and the risk of “losing people potential” [22],
with the latter often recognized as an eight waste in lean. Building upon the potential in people and
the need for a well-planned implementation strategy, Verrier et al. [22] proposed a maturity model on
the extent to which “lean and green” is integrated. Such models can be used to evaluate how well an
organization has managed the integration of sustainability into daily operations [11]. A key enabler
for such integration is a firmer focus on people and their skills [27], both “increased” [2] and “deeper”
employee involvement [7], and other activities to overcome barriers to sustainability knowledge in the
organization [28].
2.3. Sustainable Development of Operations through Energy Efficiency
Operations processes are reliant upon use of energy, either directly as a resource to produce output
(such as operating machines) or indirectly to support facilities (for example, by heating, ventilation, and
lighting) [29]. Therefore, energy efficiency as a unit of resource consumption and cost of operational
processes [30,31] connects directly to both economic and environmental sustainability performance.
A company’s operations strategy translates corporate goals into operations’ performance
objectives through a sequence of structural and infrastructural decisions made within the operations
function [32]. Hence, the way in which operations processes are configured in terms of speed, flexibility,
and so on shape the conditions for energy consumptions of these operations. This relationship, in
turn, shapes the sustainability performance and eventually operational performance. Contemporary
operations strategies that emphasize speed and flexibility have been designed and implemented in
an industrial context where availability of energy has not been of great concern. However, extensive
use of non-renewable energy sources, price, and security of energy sources have triggered a sense of
urgency among policy makers, and academics and managers alike are encouraged to address energy
efficiency in a more distinct manner than has hitherto been the case. Therefore, integrating energy
efficiency into operations and considering energy efficiency simultaneously with other performance
objectives in operations decision making is an important enabler for achieving sustainable operations.
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2.4. Lean Energy
While current literature reports on a range of initiatives that combine lean and green and
relates various lean tools and approaches with energy efficiency improvements, it is less clear how
organizations build up skills and competencies for such development. Harvesting the synergies
of lean and green is “not simple” [5], and not all methods are available for a “prompt use” ([7],
p. 852). Reverting to the fundamentals of quality management, such as continuous improvement
and teamwork, people involvement is evident. Notably, in lean, the “maximum number of tasks
and responsibilities” are transferred to those workers who actually add value to the product [20].
This engagement with skills at the manufacturing level in the organization is important in terms of
influencing energy efficiency [33]. Recent literature has called for more attention to be paid to the
sustainability skills and competencies of employees. One such response is through education, where
universities collaborate with external stakeholders through teaching [34]. The “dynamic nature” of
sustainability requires change of a teaching paradigm and development of social competencies ([34],
p. 50), and more life-long learning in sustainability is called for to develop employee skills and promote
people engagement [26,35]. Moreover, competences in sustainable development require a combination
of different learning activities [36]. An important aspect of teaching programs is the collaboration
between higher education and firms to promote concrete actions on sustainability [37].
To date, the conception of lean energy has been derived from the conceptual synergies between
lean and sustainable development. Addressing sustainable development through energy efficiency
shapes this study in at least three ways. First, energy efficiency creates a focus on the improvement
initiatives; that is, reducing energy consumption of operations processes. Second, it promotes alignment
of energy consuming activities with flow in operations processes, and vice versa. Rather than focus on
sustainability as a particular condition or outcome, the present study follows Robèrt et al.’s [8] view
on sustainable development as a process that leads to a favorable outcome. Therefore, a third shaping
force that is considered is improvement efforts, which build upon the logic of quality management
and lean regarding areas such as teamwork and empowerment, but extend the focus on matters
such as waste reduction to include energy consumption. The conceptualization also identifies the
need to develop personal skills and competencies and contributes to the limited research on how
this development can take place. To further the understanding of how such development results in
improvements we borrow from the literature on learning and organizational renewal. In doing so,
we relate the different levels of renewal in our findings to the four sub-processes of organizational
renewal by Crossan et al. [38] namely intuiting, interpreting, integrating, and institutionalizing.
3. Method
This study focuses on the potential in combining lean and energy efficiency and builds empirically
upon the establishment of a professional education program, participants’ experiences herein, and the
organizational impact of such education. Given the explorative nature of the research, a qualitative
research approach was taken [39]. In line with this and the need to be “sensitive to the context” [39],
and provided that theory on the combination of lean and energy efficiency is “nascent” [40], the data
collected was open-ended. Accordingly, primary evidence was collected through multiple sources
of evidence; interview studies (face-to-face and phone) of participants that followed a lean energy
education program (elaborated on in Section 4 below) and a participant observation. The organizations
investigated operate in different sectors, including processing industry as well as the manufacturing
and logistics sectors. In addition, secondary evidence was collected on the development and impact of
the course program.
Data was collected over period of time, allowing participants to have an in-depth reflection upon
their experience from the course as well as and impact of their learning on their organizations. The
first stage of interviews was a post-program follow-up of the course itself, where nine participants
from nine organizations were interviewed two years after completing the first cycle of the course.
All interviewees work with energy efficiency improvements in their organizations. The fact that the
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participants in the professional education program belong to different organizational levels might
have influenced their views on the impact of the program. The interviews focused on the interviewees’
experiences with and perceived impact of the course, both on themselves and their organizations. The
interview questions were structured around the following themes that also served as the foundation
for data analysis: personal influence; knowledge and lessons learned; impact on their organization;
barriers and drivers of change; and an overall assessment of the course.
The second round of interviews included 10 interviewees from 10 organizations from the
second cycle of the course. Building upon the results of the first round and additional review of
literature, these interviews followed a more structured approach to energy efficiency improvement
in order to explore how the participants’ organizations work with energy efficiency. At this stage,
the participants answered a structured web-survey which was followed-up by individual in-depth
interviews structured around the following themes: goal setting, identifying and funding opportunities,
and implementation of solutions into specific processes. A third stage of data collection consisted of
participant observation at a one-day workshop with participants from the course from one company in
the processing industry. Two researchers from the group followed the presentations and the following
discussions on both learning and the actual implementation initiatives associated with lean energy at
multiple locations of the company. Notes were taken, and the description and synthesis of the day
were sent to the company for validation.
Since the first two cycles of the course were organized as a ‘pilot’ and supported by a funding
agency, much emphasis was placed on understanding, developing and documenting the learning
opportunity for the participants, both during and after the course. This development and follow-up of
the course entailed several iterations among the teaching staff, and resulted in documentation that was
useful for this study in the form of minutes and reports from, for example, a steering committee and
a review report to a funding agency. This evidence was included in the exploration of the impact of
the course, in terms of personal learning, organizational development, and impact of the bottom line.
Hence, secondary evidence in form of minutes from meetings and reports was used to provide further
documentation of design process of the course and its content, as a well as on-going evaluation of the
course based upon feedback from participants and a steering group consisting of internal and external
stakeholders. This material can be summarized as being institutional prerequisites for the teaching
program and included minutes from meetings on development of course syllabus, the course syllabus
itself, reports to a funding agency and the steering group about the development, and results from the
course. Using multiple sources of evidence allowed for a broader consideration how the education
program was evaluated by different stakeholders, and served also as triangulation of data sources and
methods [41].
The mode of the data analysis was characterized by pattern identification and pattern matching [41]
around themes in the interview guide that can be regarded as core to quality management. Accordingly,
results were regarded as being both at the individual and organizational levels. Furthermore, themes
that emerged from the analysis at in the second interview round distinguished among people,
perspectives, and practices. The sampling was based upon organizations participating in the education
program, hence interviewing individuals that are responsible for energy efficiency initiatives in their
organizations, and that are knowledgeable about the combination of lean and energy. Although the
sample size may put some boundaries around the generalizability of the results it must be seen in
relation to the opportunity of collecting data at three different points of time (two interview stages
and a workshop). By doing this, the longitudinal nature of the research design is indented to capture
organizational change process [42] that occurred as results of the education program. The preciseness
or granularity [42] of the lean energy initiatives increased as more evidence was collected, and the data
collection became more focused through the interview guide.
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4. Findings
The findings are presented in three overall categories: (1) a professional educational program as a
means of combining lean and energy efficiency; (2) how the participants work with energy efficiency
improvement (in relation to lean energy)—that is, the perceived impact the course program creates;
and (3) organizational efforts needed for scaling up lean energy.
4.1. Establishing the Principles: Lean and Energy Efficiency through Professional Education
The lean energy professional education program is a combinatory effort of lean and energy
and aims to develop skills and knowledge of individuals who are responsible for energy efficiency
improvement in their organizations. The program is designed around five two-day modules delivered
over a period of six months, focusing on topics ranging from general introduction to lean to energy
technology and practices. Table 1 provides a summary of the program, presented here in terms of
principles, practices, and tools to emphasize the improvement-based nature of the course.
Table 1. Lean Energy as a professional education—an overview.
Module

1

Topics

Principles
History, principles

Lean, introduction

Fundamental principles

Lean game,
workshop

Energy efficiency

Fundamental principles

Map current energy usage (home
assignment for next module)

Systems thinking and Life-Cycle
Assessment (LCA)

Theory on LCA

Flowcharts of energy and material
flow and available resources

Energy and the environment

Environmental effects of
various energy sources

Fundamentals in energy
technology

Key concepts (energy effect
and kWh) and technology
(turbines, engines etc.)
Energy mapping (home
assignment for next module)

Energy mapping
Key Performance Indicators (KPI)

KPI of operations, connecting
lean and energy

KPI and Value
Stream Mapping

Value stream mapping (VSM)

VSM theory and instructions
(home assignment for next
module—KPI & VSM)

Value stream mapping (VSM)

Presentation of VSM done in the
organization

4

5

Tools

Sustainable development,
introduction

2

3

Practices

Energy management systems

ISO50001

Change management and
organizational culture

Fundamental principles

Future plans and actions in the
participants’ organizations

Focus on presentation of each participants pilot project (throughout
the course) and plans for continuation and scaling up of the efforts

Change matrix

Each module included elements of the level of principles, practices, and tools. With the intention
of having a direct impact on the participating organizations’ work process and energy usage, the
course was delivered with a combination of lectures, workshops, and home assignments. During
the lectures, introductions to principles and tools alongside examples of application were given and
the main part of the hands-on, practical training was carried out as home assignments between the
modules. The assignments were introduced at the end of each module and presented and reflected
upon in the subsequent module. Taking Module 3 as an example, two topics were introduced in the
lectures: key performance indicators (KPIs) and value stream mapping (VSM, referred to as both tool
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and practice in Table 1). The bridge between the two topics was an illustration of how KPIs could serve
as a support in VSM. Following the lectures, the participants were introduced to a home assignment
on performing a VSM in their own organization and designing/using KPIs in relation to this.
4.2. Perceived Impact of the Lean Energy Education Program
As described in Table 1 above, the course provided a variety of learning activities in both lean and
energy, individually and in combination. Table 2 below summarizes the results of the participants’ view
on the impact that the program had on themselves personally and wider lessons learned, including the
impact on their organization. Whereas personal influence reflects on “ways of thinking”, knowledge
and lessons learned can be summarized as “ways of doing”.
Table 2. Lean Energy as a professional education—depth of learning.
Theme

Illustrative Indicators

Personal influence from the
course

Firmer understanding of the key problem of sustainable development
Sense of urgency about environmental impact of operations and decisions
Enhanced personal engagement in the topic
More frequent use of lean as “lenses” to “find” waste and do something
about it

Knowledge and lessons
learned

Understanding the environmental impact of operations was
thought-provoking
Use of value-stream mapping to analyze a production line from an energy
perspective
How to plan and organize energy efficiency improvement initiatives
Learning about and practicing change management
Mixture of participants

Impact on organization

Improved energy performance [mixed evidence]
Change management that leads to organizational development
Increased convergence with the company’s other lean efforts
Easier to describe what can be changed

The first theme, personal influence, focuses on the participant as an individual. This refers
to motivational factors such as creating a sense of urgency and personal engagement in the
improvement work in their organization, such as recognizing the amount of energy consumption
of their organizations and the ability to relate this to an impact on the natural environment. The
second theme, knowledge and lessons learned, refers to rather subject-specific (that is, lean energy) aspects,
including tools such as value-stream mapping. Analysis of production processes and to plan for
improvement initiatives were mentioned as important lessons learned, as well as learning about and
practicing change management. Although the mixture of participants from different organizations in
the course was mentioned by the interviewees as beneficial, this did not lead to a wider comparison of
practices cross organizations during the program period.
Finally, the interviewees were asked about the impact on the company’s energy efficiency per se.
The responses can be summarized into different types of impact: Improved energy efficiency and
reduced energy consumption as measured in kWh, for example. Other types of impact relate to the
way of working with improvement efforts rather than directly to energy consumption; for example,
creation of a joint vocabulary on lean and energy efficiency. Moreover, in organizations where ‘lean’
is common practice, such as in the manufacturing sector, working with lean energy became easier
because it was possible to align energy efficiency in terms of both operational and environmental
performance measures with established improvement initiatives.
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4.3. Scaling up Lean Energy Practices: From Individual Learning to Organizational Development
It became evident during the interviews that whilst lean energy offers potential in both direct
and indirect influence on energy efficiency and improvement hereof, it also comes with challenges.
Respondents argued that whilst the lean energy program presents relevant elements (cf. Table 1), the
combination of these in practice is not an easy task, particularly if the participant is the only one from
the organization following the program. More staff need to follow the same course program, not least
from the management level to gain managers’ engagement and support in the lean energy initiative.
With only one or a few people pursuing lean energy in the organization, the implementation risks
being limited to an area that does not exceed the responsibility of that individual. What is needed is
a greater mandate to act, tools to stimulate further use and to visualize potential, and it also helps
if economic benefits of the changes are immediate rather than long-term. Finally, it was mentioned
that whilst understanding of lean and energy efficiency may be provided through education, good
practical examples from different industries make integration into local practices easier.
Although the results indicate several benefits of the course program, the program’s impact is
primarily limited to the individual (personal learning) or to the organizational unit employing that
individual. A few organizations have enrolled three or more people to the program. One company
achieved critical mass to design and implement a small-scale improvement initiative through home
assignments. Another organization that operates at multiple sites is pursuing a joint effort across its
various locations; its approach was to let the individuals responsible for both energy efficiency and
production improvement at the sites follow the course, but so did also a few senior members of the
management team responsible for sustainable development in the company. In addition to home
assignments presented at the course, this organization arranged a workshop with participants from
various locations who had followed the course to present examples of improvement initiatives that
built upon the principles of lean energy.
To illustrate the role of the organization to promote integration and dispersion of lean energy, we
investigated the efforts of one organization that aimed to explore the unutilized potential amongst
its own staff. The drivers for the organization were to develop the skills of its employees and give
them more responsibility for their own working situation. Overall, the results suggest that this
can be achieved through engaging a group of individuals in a course program, and by operating
with improvement efforts simultaneously across different processes and/or locations. The results
of this organization’s initiative are presented in Table 3 under three headings: People, perspectives,
and practices.
Table 3. Scaling up through people, perspectives, and practices.
People
Discovery and inclusion
-

Teamwork rather
than cowboys
Everyone becomes a
change agent
Hidden talent discovered
Individuals grow through
new roles
Support from line managers

Perspectives
Visualize framework and tools
through “working model”

Practices
From local practice to shared
experience
-

-

Identify and remove waste
Train and educate employees

-

-

Promote a
“learning organization”
Synergies across locations
Integrate with other
improvement efforts in,
e.g., production
Strive for continuity

A sense of urgency is created through multiple sources, ranging from the organization’s
commitment to the EU’s energy objectives (to decrease energy consumption) towards illustrating that
energy costs constitute a significant share of the total variable costs of the company. Furthermore,
the organization benefits from individual enthusiasm to improve both operational efficiency and
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5. Discussion
The first contribution of the paper relates to the conceptual [1] and synergist relationship
The first contribution of the paper relates to the conceptual [1] and synergist relationship between
between lean and energy, which set out to explore the integration of lean and energy efficiency
lean and energy, which set out to explore the integration of lean and energy efficiency improvements,
improvements, and practical examples of such combinations. The focal point of improvement was
and practical examples of such combinations. The focal point of improvement was energy efficiency of
energy efficiency of operations processes in different industrial settings. The second, and perhaps
operations processes in different industrial settings. The second, and perhaps more comprehensive,
more comprehensive, contribution relates to characteristics of lean energy that move towards
contribution relates to characteristics of lean energy that move towards advanced levels of learning. To
advanced levels of learning. To further that understanding, we build upon the framework for
further that understanding, we build upon the framework for organizational learning and renewal
organizational learning and renewal created by Crossan et al. [38]. The framework allows for
created by Crossan et al. [38]. The framework allows for exploration of three different levels of
exploration of three different levels of organizational learning and renewal recognized both from the
organizational learning and renewal recognized both from the lean literature and the empirical
lean literature and the empirical findings: Individual, group, and organization. In particular, the
findings: Individual, group, and organization. In particular, the framework entails four sub-processes
framework entails four sub‐processes of learning and renewal that operate over these three levels:
of learning and renewal that operate over these three levels: intuiting, interpreting, integrating, and
intuiting, interpreting, integrating, and institutionalizing. Relating the findings to these four
institutionalizing. Relating the findings to these four processes furthers the exploration of integration
processes furthers the exploration of integration of lean and energy efficiency practices, which can
of lean and energy efficiency practices, which can ultimately be depicted as a three-step progression
ultimately be depicted as a three‐step progression towards organizational renewal through lean
towards organizational renewal through lean energy, as depicted in Figure 1: Through the conception
energy, as depicted in Figure 1: Through the conception of lean energy (Figure 1a), by building upon
of lean energy (Figure 1a), by building upon an out-side-in perspective on skill development through
an out‐side‐in perspective on skill development through professional education (Figure 1b), and
professional education (Figure 1b), and towards more established practice that requires what can be
towards more established practice that requires what can be characterized as organizational scale‐up
characterized as organizational scale-up (Figure 1c).
(Figure 1c).
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LeanEnergy—progression
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processbecomes
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Table 4. Four learning processes supporting lean energy as organizational renewal.
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Table 4. Four learning processes supporting lean energy as organizational renewal.
Intuiting

Interpreting

Integrating

Institutionalizing

Experiences, Images,
Metaphors

Language,
Cognitive map,
Conversation/dialogue

Shared understandings
Mutual adjustment
Interactive systems

Routines
Diagnostic systems
Rules and procedures

Lean energy:

Lean energy:

Lean energy:

Lean energy:

Sense of urgency and
enhance personal
engagement
Initiate an intuition
process
Operationalize
sustainable development
Conceptual depth
Discover hidden talent

Joint mindset and
vocabulary to, e.g., “find”
waste
Describe what is possible
to change
Connect to existing
improvement mindsets
Professional education

Analyze production line
from an energy
perspective
Learn about change
management
Identify and remove
waste in a process
Lessons learned from
professional education

Practice change
management
Everyone becomes a
change agent
Integrate across locations
through a “working
model”

5.1. Intuiting
Refers to outcomes such as experiences, images, and metaphors, and operating over the level of
individual learning, it relates to developing insights and the comprehension of something new [38].
The act of combining lean and energy can be seen as an intuition process itself, creating a picture of
possibilities through a new metaphor. Individuals start perceiving similarities and differences and
their taken-for-granted view is forced to a more conscious level by combining lean energy with their
own personal experience and operational context. Thus, intuiting corresponds well with the idea of
discovering hidden talents and of engaging individuals that are close to the operational processes.
The findings confirm the potential of combining lean and green as current literature suggests [22]
but simultaneously offers a distinct way of operationalizing sustainable development of operations
through energy efficiency efforts. At this first level, lean energy refers to activities that can be
implemented and effects defined in environmental and operational terms (Figure 1a above). The
features of energy efficiency make it a viable object for improvement as it allows for consideration
of both economic and environmental performance measures. By this, lean energy adds a conceptual
depth to “green” (that is, environmental sustainability) by defining it in terms of energy consumption
of operations processes, hence bringing responsibility for improvement to those who are close to the
energy consuming processes [20] rather than a specialized unit in the company [13]. In summary, as
depicted in Table 4 and Figure 1 above, when lean energy is seen as an intuiting process, it can be
viewed as a means to initiate such a process. Through this intuiting process the first step towards
operationalization of sustainable development takes place, in which a certain level of conceptual depth
is required. At this stage, however, lean energy is vague and underdeveloped in terms of actions;
it is ‘what’ to do or combine, but to a lesser extent ‘how’ to achieve integration of lean and energy
efficiency practices.
5.2. Interpreting
Interpreting is a process through which an idea is explained, through words or actions, to oneself
or others. Interpreting results in a change in an individual’s understanding and actions [38]. Here,
lean energy becomes verbal and individuals develop cognitive maps in which a joint mindset and
vocabulary plays a central role. Lean comes with a set of concepts and certain assumptions underlying
these, and terms such as “find waste” help individuals describe what is possible to change. As
outlined above, lean energy as a professional education program provides insight into principles and
application of, for example, value stream mapping to map energy usage, and to help individuals to
create flowcharts. Hence, interpretation also takes place by connecting energy efficiency improvement
to existing improvement efforts in other parts of the organization; that is, connecting with logics that
are already known by others who work with quality management.
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Furthermore, in this process, professional education begins to play a role as a mechanism for
learning. The findings that emphasize engagement of employees are also in line with the literature
on lean [16] and the role of education in sustainable development [36]. However, the findings also
illustrate how such competence development can benefit from participation in a professional education
program in that participants can benefit by learning from peers, and their organization is likely to
speed up the competence development by such external acquisition of knowledge [43].
Finally, interpretation relates to a domain [38]. The findings refer to discovery of new talents
and engaging individuals who work in the processes that are to be improved. Here, the domain—or
operative context—of the individual is taken as given, and learning about lean and energy is achieved
through the professional education program. That is, lean energy helps individuals interpret their
domain; that is, where their expertise lies. An alternative approach would be to bring in external
consultants with expertise in lean energy to analyze domain or operative contexts that are not well
known to them. Interpretation also moves beyond the individual and to a group level through such
means as a lean game in the teaching program, but also through notions by interviewees such as
“teamwork rather than cowboys” (work in a team rather than alone) in the organization.
5.3. Integrating
Integrating refers to a coherent and collective action that requires shared understanding and
coordinated actions towards mutual adjustments [38]. Creating a dialogue and taking actions are key
characteristics herein. Through this process, the learning process takes place at a group rather than
individual level and the integration refers both to the combination of lean and energy, but perhaps
more importantly, to connecting these principles into practice through concrete improvement actions.
Herein, the professional education program plays an apparent role as a mechanism for learning, both
regarding the conceptual combination of lean and energy, but also by creating positive conditions
for improvement actions through such means as the participants’ home assignments. This acquired
knowledge enables effective decision making and implementation of corporate energy efficiency
goals in day-to-day practices in operations through a shared understanding and commitment [44,45].
In terms of assigning education—in our case, professional education—a certain role in sustainable
development of operational processes is in line with the current body of knowledge. For example,
Byrne et al. [46] identified resources, technology, values/ethics/inter and intragenerational equity
and transdisciplinary, systems and complex thinking as the most important sustainability-related
competencies that need to be developed in sustainability education. According to Walker et al. [47],
a sustainability course for practitioners should (1) use live social theme-based projects or work
experience, (2) develop critical skills and engage in real-work problem solving, (3) take a problem-based
learning approach through team work in co-operation with organizations, (4) use senior practitioner
guest lectures who provide examples of their sustainability and cost-saving achievements, and (5) take a
systems theory approach. As presented above, Lean energy closely resembles these five characteristics.
As lean was intended to become a practice in the participating organizations, the design of the
professional education program followed the logic of Lean [2]. The topics covered provided tools
from energy technology to identify energy consumption and, when combined with concepts such
as value stream mapping from lean, the participants could individually conduct a trial analysis of
energy consumption and waste in their organization. To some extent, this develops sustainability key
competences, such as problem-solving skills and the ability to collaborate successfully with experts,
through “real-world learning opportunities” proposed by Brundiers et al. [48]. However, this activity
primarily resulted in personal learning rather than impacting on the individuals’ own organizations.
5.4. Institutionalizing
Institutionalizing refers to learned behavior from individuals and groups that is now embedded
in the organization’s systems, procedures and routines, ensuring that significant actions occur [38].
One example of such learned behavior is an outline of a “working model” for lean energy developed
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in one of the studied organizations. Two other characteristics of institutionalization of lean energy
are the practice of change management and, more fundamentally, the idea that everyone becomes a
change agent.
From learning behavior to practicing change management: The personal influence from the course, as
well as knowledge and lessons learned for the individual participants, reconcile with the movement
from level two to three, where actions for improvement become more regular. At this level, learning
can be regarded as individual and personal, and attempts to create a group effort are limited to discrete
projects. Acquiring new knowledge externally through “substantial cooperation” is seen as necessary
to “secure successful efforts” [34].
Moving to a higher level of maturity, towards continuous actions, entails firmer integration of lean
and energy efficiency in various principles, practices and tools, and an organization-wide effort. To
reach this level, the organization must ensure that a number of individuals receive the same education,
arrange for a series of improvement projects in different processes and/or at different locations, and
arrange for a follow-up and sharing of experiences. Teamwork is seen as necessary to promote actions
on sustainability [37], and both quality management and lean do inherently lend principles to such
efforts. Here, practices are not local but shared, and built upon a learning organization, synergies
across locations, continuity, and integration of energy efficiency improvement with other efforts. As
such, energy provides depth to the sustainability approach of the organization, but the combination of
lean and energy provides breadth through a “synergizing power by uniting people” [27].
Integrate across locations through a “working model”: The fact that this study was conducted over
a period of time made it possible to follow the development of the course participants and their
organizations. Here it became apparent that whilst the course program was important to both
conceptually integrate lean and energy and to internalize this through quality management principles,
the developmental potential was regarded as individual and local. By releasing the potential at a
wider organizational scale and bringing this into continuous improvement effort at organizational
level, the focal organization had to take over responsibility and transfer ownership of the program to
the organization. While transferring the knowledge from individuals to the organization and through
creating sufficient knowledge across the organization, a maturity process takes place. In this process,
sustainability competencies precede from “specialization” of separate competences in “lean” and “green”
operations towards “integration” of competencies in “lean green”, as proposed by Siva et al. [13].
Everyone becomes a change agent: A lot of the literature on lean and green refers to the importance of
employee engagement and, when infused with quality management, a team-level effort is brought into
play. However, our findings show that there needs to be a coordinated effort at a high organizational
level in order to coordinate and learn from teams at different locations. The positive effects of
cross-functional executive and worker involvement in alignment of strategic goals and behavior at
different hierarchical levels and functions have also been previously suggested. More specifically,
previous research suggests that organizational aspects foster internal and external consistency of
sustainability strategies across the organization [49] and that cross-functional employee involvement
can positively affect the strategic alignment of operations practice (such as lean) with environmental
and social goals and practices [50].
6. Conclusions
The integration of lean and energy efficiency can be effectively explained through and stimulated
by lean management and its underlying principles of quality management such as teamwork and
continuous improvement. One step to mobilize the integration of lean and energy efficiency is by
acquiring competence externally through professional education and training of employees that are, or
can be made, responsible for improvement efforts of energy consuming processes. A key feature of the
learning in the program investigated is not only to educate about lean (that is, content), but also follow
the logic of lean during the course (for example, by conducting energy mapping and waste analysis by
using value stream mapping). In this way, the participants experience Lean energy as a process and
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have the opportunity to receive feedback from both peers and lecturers. At first, this leads to individual
learning and personalized knowledge. However, to create actions that have impact on sustainable
development of the organization Lean energy needs to be scaled up, guided by principles of people,
perspectives, and practices. To understand the extent to which lean energy, as investigated here, can
bring organizations from individual learning to a more comprehensive organizational renewal, this
paper relates the lean energy practice to four learning processes. Whereas intuiting and interpreting
refer to the levels of individuals and teams, integrating and in particular institutionalizing bring
lean energy towards a comprehensive solution at multiple locations, where, in principle, everyone
becomes a change agent. Thus, it is concluded that the combination of lean and energy has a synergistic
potential. However, to create positive conditions to release this potential of this, two more conditions
are beneficial, namely professional education and organizational scale-up. Higher education can be
considered as a part of the institutional environment of the organizations studied and acts through the
lean energy professional education program as an important initiator for the conceptual integration
of lean and energy, and to mobilize individual and group learning. However, it is the responsibility
of the management of the organizations studied to use these employees as change agents to achieve
more organization-wide improvements.
Based on the focus and limitation of this study, two venues of further research are proposed. First,
while lean is directly connected to efficiency and economic aspects of sustainability, and the findings
of the present study suggest the importance of social interactions and engagement of employees,
a comprehensive study considering integration of lean in all three dimensions of sustainability
simultaneously is necessary. Second, the conditions and learning processes outlined above need
to be analyzed further in relation to current maturity models within the lean and green literature [2].
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