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Abstract

The European Green Deal proposes the transformation to climate neutrality by 2050. Especially for
manufacturing companies and their production sites, this transformation is a big challenge. Every aspect of
the value stream needs to be re-evaluated and adjusted to reach the new target state of climate neutral
production. In the last decades, many companies used lean management methods to improve production in
the dimensions of time, quality, and cost. However, a growing number of studies show that lean methods
can also be used to drive sustainability goals (with the target state being climate neutral production). This
paper analyses the suitability of shop floor management, a popular lean method, in the context of climate
neutral production. To this end, a literature research has been conducted to summarize the goals of shop floor
management and the success factors for the transformation to climate neutral production. Then the results
are contrasted and overlaps are analysed to identify possible shop floor management tools to accelerate the
transformation to climate neutral production. Finally, the findings are briefly discussed and summarized in
a matrix. The paper closes with specific recommendations for further research in this area.
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1. Motivation

With the Paris Agreement the United Nations agreed that global warming is to be limited to a maximum of
2 °C and that efforts are to be pursued to remain below 1.5 °C [1]. It was recently reaffirmed at COP26 in
Glasgow [2]. This goal requires steps to be taken in all areas of society including industrial production. The
manufacturing sector is challenged to integrate the goal of climate neutrality into operational company
processes. In the last decades many companies used lean management methods to improve production in the
dimensions of time, quality, and cost. An extension of the dimensions is therefore plausible and has already
been investigated by several studies [3—5]. The difficulty is that elimination of waste (lean) and resource
efficiency (climate neutrality) are dealt with in different committees or working groups [3]. Furthermore,
approaches to Lean&Green to date are project-based and still focus on cost reduction as the main dimension
[6]. For climate neutral production a much more fundamental and sustainable change in the companies must
be achieved [7]. In their lead research study the “Deutsche Energie-Agentur” (dena) describes the change
necessary in vision and strategic goals of companies to reach climate neutrality [8]. To operationalise
strategic goals the widely accepted lean method of shop floor management (SFM) can be used. In 2018, a
study from Germany shows that more than 80 percent of producing companies use SFM to lead workers on
the shop floor and help them improve production processes [9]. Since climate neutrality is also a strategic
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improvement process the question is whether SFM can support the success factors of climate neutral
production. However, there is currently a lack of a comprehensive overview of the success factors for climate
neutrality in production. Based on that, a comparison can be made to develop recommendations in which
areas SFM can promote climate-neutral production.

This paper is divided into three parts. First, the state of the art for both areas is analysed. The second part
explores the success factors of climate neutral production through a systematic literature review. Then,
matching areas are analysed and recommendations for further research are discussed.

2. State of the art

2.1 Climate neutral production

In recent years, climate targets of various countries and other institutions have been tightened. The goals are
often defined by the target state of climate neutrality. The European Union, for example, has set a target in
the European Green Deal 2019 to become the first climate neutral continent by reducing net greenhouse gas
emissions to zero by 2050 [10] and by 55 percent by 2035 compared to emissions in 1990 [11].

The term climate neutrality must be distinguished from greenhouse gas neutrality and CO» neutrality. CO»
neutrality refers to a state in which as much CO; is emitted as is absorbed by natural and technical sinks.
Additionally, greenhouse gas neutrality includes other greenhouse gases. Finally, climate neutrality is the
condition in which no further increase of global temperatures exists. Since there are many effects on climate
change, some of which are not directly measurable, the term climate neutrality is often used synonymously
with greenhouse gas neutrality [7,12]. Despite significant reductions in recent years, the industrial sector still
accounts for about 20 percent of greenhouse gas emissions of the European Union [10]. Accordingly, there
is still a need for action in the industrial sector to further reduce emissions and contribute to the goal of
climate neutrality. In addition to the ecological impact the goal of climate neutrality is also gaining
importance for companies due to other reasons: The climate targets are becoming an important criterion for
investors to base their decisions on. Emission certificates must be purchased, whereby rising prices can be
assumed. Rising energy prices also make activities to increase energy efficiency economically attractive. In
addition, the demand for climate neutral products on the customer side is growing as well. [13]

A company's emissions are often broken down into three scopes according to the Greenhouse Gas Protocol
[14]. Scope 1 includes direct emissions inside the company e.g., from the combustion of natural gas. Scope
2 covers emissions from energy purchases. Scope 3 includes further emissions, for example caused by
upstream and downstream processes in the supply chain and the use of the product [15]. In all three scopes,
there is a multitude of possible actions for companies to reduce emissions.

The goal of climate neutrality is often examined in cross-sectoral transformation studies for entire national
economies [8,16,17]. In addition, there are studies that investigate transformation paths in specific sectors,
such as the industrial sector, or specific industries [18]. Nevertheless, for a comparison of shop floor
management with climate neutral production, an overview of success factors for climate neutrality is
missing. There are guidelines for implementation, but these focus on partial aspects such as resource
efficiency [19] or are limited to certain stakeholders, such as managers [8]. Therefore, an overview of the
success factors must be created, on which further considerations will be built.

2.2 Shop floor management

SFM originated in lean manufacturing theories and was first introduced by Suzaki in 1993 with the book
"The New Shop Floor Management" [20]. On the shop floor goals set by the management are translated into
traceable key performance indicators (KPIs). SFM helps to identify deviations in the KPIs, analyse those in
shop floor meetings and initiate a problem-solving process. Optimizations developed in the problem-solving
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process are stabilized and standardized in order to reach a continuous improvement of the production
processes [20,21]. The Darmstadt SFM model developed by Hertle et. al. identifies five core elements of
shop floor management: performance management, problem management, lean leadership, glass wall
management and competence management. For each element several goals and methods are presented in the
following paragraphs:

With performance management the work scheduling as well as the order scheduling in production is
addressed [20-22]. In performance management, a basic distinction is made between two types of
improvements: Reacting to problems and achieving more challenging goals [20-22]. A major lean principle
for the reaction to problems is the stabilization of processes [20,21]. The initial standard is the baseline for
further improvement and is controlled through KPIs. If there are regular deviations generated by unstable
processes, these must first be addressed [23]. The definition of goals for the production processes by
management is the prerequisite for the definition of KPIs to visualize the degree of target achievement. This
goal oriented approach to SFM is linked with the lean method “Hoshin Kanri”, where every KPI or goal is
linked to the long-time vision of the company [24]. All entities in the company are encouraged to have the
same structure of KPIs to strengthen transparency [25]. KPIs are challenged every day and optimized
towards the set goals to control and increase the production output [21,23].

In problem management the deviations in KPIs are presented to the employees and managers where they
must make the decision how to handle the deviation. This can be categorized into three different reactions:
If the deviation is not impactful or even a false alarm it can be ignored. If the deviation has an impact on
production performance immediate action to prevent further damage or solve minor issues are to be taken.
Finally, if the deviation is a major problem a systematic problem-solving process (SPSP) is used to find the
right countermeasure. [20,21,24]

Lean leadership is strongly linked with the “Genchi Genbutsu” method of lean management [26]. Managers
do not spend enough time on the shopfloor and loose connection to the problems of their employees [23,27].
By meeting on the shop floor together with their employees (Go and See), problems can be analysed and
addressed faster. To further strengthen this strategy the hierarchical depth of management is reduced and
managers are encouraged to be active on the shop floor to see for themselves. [28,29]

The reduction of hierarchical depth also implies a reorganization of the work environment into smaller teams.
Through the introduction of mini factories for visual management, the teams are responsible for their own
area. Employees start to identify themselves with their work and communication with other mini factories is
strengthened [29]. Such communication is only possible by the use of tools for transparency like shop floor
boards or Andon that enable to analyse production efficiency even as an external visitor [30,31]. In addition,
glass wall management includes the goal of information dissemination. In order to empower employees
there is a need for systematic information dissemination from management to their employees [28]. The
employee needs to know the goals/vision created by managers to understand their decisions [29].

In competence management three goals are identified. As described beforehand SFM involves employees
in the continuous improvement process. This transfer of responsibility to employees can be seen as an
empowerment to carry out adjustments/optimizations of processes independently/together with colleagues
[28,32]. Shop floor meetings are held each day at a set time with a series of topics that are discussed in a
predefined order. This structured communication ensures that all relevant topics are discussed in a set
timeframe while still leaving room for open discussion [23]. Moreover, the transfer of responsibility and the
structured communication are used to achieve competence development for employees as well as
management. Competence development on all hierarchical levels is necessary to have constant continuous
improvement for the production process [28]. To achieve competence development, employees as well as
management are given specific roles such as shop floor operator, manager and team leader [23]. Leading
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personnel must be developed into methodical coaches willing to set an example for their employees[23,28].
Furthermore, targeted, work-integrated competence development is key for employees [28].

3. Systematic literature review to identify success factors for climate neutral production

To identify success factors for climate neutral production a systematic literature research was conducted on
the database of ScienceDirect. Only literature in English was considered. The database of ScienceDirect was
scanned with the following search string: (("climate neutral" OR "carbon neutral") OR ("climate neutrality"
OR "carbon neutrality" OR "net-zero")) AND ("manufacturing" OR "industrial production" OR "industry").
The query was limited to title, abstract or author-specified keywords. The focus is on articles that show the
implications of the goal of climate neutrality for industrial production, and less on the description of specific
technologies. From the results of the literature research, 16 success factors for climate neutral production
were derived (see Table 1). Contrasting the methods of SFM these were grouped according to technical,
organisational and human success factors [33]. The success factors are chosen to ensure that they can be
actively influenced by a manufacturing company. External influencing factors such as the development of
the regulatory framework or the energy system outside the factory are just as relevant for achieving climate
neutrality but are not within a company's direct sphere of influence. They are therefore neglected in this
analysis. Requirements for the implementation of the success factors are included in the description.

Table 1: Success factors of climate neutral production
Description

Technical success
factor

Increasing energy Increasing energy efficiency is mentioned in a variety of studies across industry as a key success factor

efficiency for the development towards climate neutrality [8,16,34-39]. The implementation of energy efficiency
measures is also of importance because it supports the implementation of other success factors by
reducing the overall energy consumption of the industry sector. Energy efficiency measures need to be
targeted after identifying potentials for increasing energy efficiency. They can range from
improvements in specific machines and processes to complex systemic measures [39]. Besides the
ecological effect, energy efficiency measures can contribute to the profitability of a company by
reducing energy costs [40].

Energy flexibility describes the ability of a system to adapt to changes in the energy market, especially

Increasing energy
flexibility by shifting electrical loads over time[41,42]. Hence, increasing energy flexibility on the demand side
creates the prerequisite for integrating an increased percentage of volatile renewable energy sources
into the energy system. [8,16] Thus, energy flexibility is necessary not only for transforming factories
but also the surrounding energy system towards climate neutrality. /ncreasing energy flexibility can be
achieved for example by using energy storages or the planned adaption of production processes

according to energy forecasts. [41]

Increasing material Increasing material efficiency contributes to reducing material-related greenhouse gas emissions by
efficient product design and reducing the creation of waste during production by ensuring high quality
production processes. [8,16,37—40]. The increase of material efficiency as a success factor includes
material substitution as well [39].

The reuse of waste heat can be seen as a sub-aspect of increasing energy efficiency. However, it is of
such importance for climate neutrality to decarbonise the heat supply that it is listed as a separate success

factor. [8,36,43]

efficiency

Reuse of waste heat

Electrification of
energy demands

Electrification of energy demands can help reduce direct emissions at Scope 1 by replacing fossil fuels
[8,12,37-39,44-46]. Heat pumps are a well-known example of those power-to-heat technologies [38].

Using green fuels

Using green fitels covers synthetic fuels, hydrogen, and biomass. These fuels can help replace fossil
fuels [8,12,16,36-39,43,44,46,47]. The emission reduction is based on the use of electricity to produce
synthetic fuels or hydrogen, or the use of biological processes in the case of biomass. Their use is
indicated when direct electrification is not an option [16,45].

Using renewable
energies

Using renewable energies is an obvious success factor and a prerequisite for other success factors such
as electrification or the use of green fuels. Companies can both switch their energy purchases to
renewable energies and operate renewable energy plants themselves. [8,16,34,35,43,48]
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Implementing
elements of circular
economy

Implementing elements of circular economy contributes to reducing the footprint of the used materials
and the manufactured goods. [8,16,37-40,44]

Carbon capture and

Carbon capture and storage (CCS) processes may be used to avoid emissions, for example when the

storage/usage application of the technical success factors described above does not lead to achieving complete climate

(CCS/CCU) neutrality [37-39,48-51]. In the terms of Carbon Capture and Usage (CCU), the captured CO: can also
be reused for other processes [36,44,47].

Organisational Description

success factor

Definition and
Implementation of a
climate strategy

The definition and implementation of a climate strategy is an essential step towards achieving climate
neutrality. With a climate strategy, the goal of climate neutrality is strategically anchored in the
company and the corporate culture to raise the awareness of employees. Sub-goals are defined for
example for certain departments or cost centres, and steps are specified to achieve them.
[34,37,40,52,53]

Performing energy
management

Since a large proportion of greenhouse gas emissions from companies are energy-related, effective
energy management is necessary. Key aspects are, for example, the creation of transparency regarding
energy. It is characterised by a continuous improvement process, such as PDCA described by the ISO
50001[54]. Systematic energy management supports the implementation of other success factors such
as increasing energy efficiency. [8,35,39,40]

Incentivising emission
reduction

Incentivising emission reductions may include the introduction of internal carbon pricing or the
attribution of energy costs to departments according to their origin. To be effective, incentives for
emission mitigation efforts should be communicated effectively. [55-57]

Supply chain
engagement

A major part of the emissions arises from the production of goods in upstream processes outside the
company's boundaries. They therefore belong to Scope 3 and can be influenced only indirectly by the
company. However, companies can act on their supply chain and encourage suppliers to meet emission
targets. Hence, supply chain engagement is considered a success factor [58].

Offsetting of
remaining emissions

Despite the application of various success factors, companies often have emissions that cannot be
avoided directly. In this case, the mandatory purchase of emission certificates or the voluntary offsetting
of remaining emissions can be considered, which can at least reduce the climate-damaging effect of
emissions [8,16,38-40,59]. However, the effectiveness of offsetting payments is discussed
controversially [60].

Human success
factor

Description

Commitment of the
employees and
management

The commitment of the employees and management is needed for the successful transformation towards
climate neutrality [39]. It is crucial that they see climate change mitigation as a desirable goal [34].
Employee commitment impacts decisions towards sustainability at all levels, especially at the top
management level [40,61].

Providing relevant
competences

To enable employees to facilitate the development of the company towards climate neutrality and raise
awareness for this strategic goal, providing the relevant competences or their external availability is
necessary [40]. This is particularly the case in SMEs, where it is hardly possible for employees to
specialise in the implementation of climate strategies [8,35,40].

4. Aligning shop floor management with the success factors for climate neutral production

After the detailed description of the literature results the relation of success factors for climate neutral
production to SFM are analysed and discussed. The aim is to find out what element of SFM can actively
support the success factors and to derive recommendations for further research. This is done by comparing
the requirements for the implementation described in Table 1 with the elements of SFM. The findings are

visualised in a matrix in Table 2.

In total 9 of the 16 success factors can be supported by SFM. These are described in detail in the following
paragraphs. The remaining seven success factors cannot be incorporated into SFM. Those are outside of the

sphere of influence of classic SFM. Using green fuels or renewable energies are strategic decisions made by

the management or during a production planning process. The same holds for decisions to implement aspects
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of circular economy or carbon capture and storage. Supply chain engagement and the compensation of
remaining emissions through the purchase of certificates is controlled by the purchasing department as they
control where money is spent. Both are not subjects of a production process optimization method like SFM.

Table 2: Aligning SFM with the success factors of climate neutral production

Success factors of climate neutral production
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First, the technical success factors increase of energy and material efficiency, energy flexibility as well as
reuse of waste heat are discussed. To increase energy efficiency one of the requirements is to identify
potentials for energy reduction. Target values such as those used in performance management could be
helpful for identifying potentials since target states are defined and deviations are determined. Deviations
from the target state are dealt with in Problem Management. The increase of energy flexibility can be
achieved by planning production according to energy availability. This is only possible when the processes
are stable and therefore predictable. Through standardization in performance management this requirement
can be achieved. For example, a standardized process with high energy demand is carried out at the time
when the most renewable energy is available and therefore the energy costs are low. The increase of material
efficiency is dependent on high quality in production processes. All forms of waste are to be eliminated
which is in line with the goals of performance management as well as problem management. Another
requirement to increase material efficiency is the low-waste design of products. It would be possible to use
the proposal system of SFM for ideas to improve the design of components and products.
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The first organizational success factor is the implementation of a climate strategy. Key elements of a climate
strategy are the definition of goals for each department and awareness of every employee about their goals.
Via Performance management these goals can be implemented on the shop floor. Through visual
management and information dissemination (glass wall management) and an open communication
(competence management) the strategy can be spread further and the chances of a successful change in
corporate culture may increase. The second organizational success factor is to perform energy management.
A requirement of an energy management system in line with ISO50001 is to achieve transparency of all
energy processes. Once again KPIs in SFM can support this and elements of glass wall management like
mini factories transparently display the energy processes. Furthermore, the ISO50001 recommends the use
of PDCA (part of the SPSP) to manage energy related problems. For achieving an incentivising of emission
reductions internal carbon pricing can be implemented. By making carbon emissions tangible in figures
through internal pricing, a direct comparison with other areas is possible. The same strategy is applied in
SFM with KPIs. A big part of internal carbon pricing is the effective communication to employees to make
sure they understand why they are penalised for creating carbon emissions. Glass wall management in the
form of mini factories could enhance transparency in that area.

To provide relevant competences to employees there needs to be a definition what the “relevant”
competences for each employee are. Relevant competences are specified in SFM via the KPIs of each
individual employee. The open and structured communication top-down as well as bottom-up as a main
benefit of SFM can be a key feature for a successful transformation as well since it supports the requirement
to make employees aware of the wastes around them. Furthermore, the goals of glass wall management could
not only provide relevant information to develop competences but also support the commitment of the
employees on the shop floor. On the other hand the commitment of management is shown transparently by
Lean Leadership, where managers commit themselves to be active on the shop floor and support their
employees.

5. Recommendations for further research

In summary, this paper analysed the suitability of SFM in the context of climate neutral production. After
summarizing the success factors for the transformation to climate neutral production, the commonalities
between SFM and the success factors were found. The paper identifies a need for further research and testing
on two main topics. Topic one is that several success factors are dependent on KPIs to measure, control and
improve resource efficiency of production processes. This requires new KPIs for climate neutral production
which have played a subordinate role in classic SFM to date and have not yet been described in detail in this
context. Following the recommendations by Diez et. al. [24], there is a need for a complete “Hoshin Kanri
Tree” defining the goals and KPIs of climate neutral production on all hierarchical levels. A major obstacle
here is the delimitation of the resource consumption caused by each individual workstation because of the
difficulty to “break down” the savings from e.g., central supply systems that provide compressed air, heat,
or cooling to several machines.

The second topic is the competences of employees and management in climate neutral production that need
to be improved. To be able to use SFM for the transformation a full description of relevant competences for
shop floor personnel as well as management is needed. These so-called competence tables can then be the
basis for competence development through SFM.

Both steps form the basis to evaluate if the methods of SFM are suitable to support a climate neutrality
strategy. The authors are planning to implement the new approach in a company experienced with classic
SFM. The implementation will reveal which further modifications in the methods of SFM are needed to
work with the new goal of transforming production towards climate neutrality.
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