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Abstract
The concept of Lean Manufacturing is a set of techniques, methods and tools, whose application in manufacturing processes is
expected to eliminate wastes and improve their economic efficiency. The challenges of Sustainable Development determine a new
approach to conducting manufacturing activities. Issues related to caring for the environment and the social aspects of the business
are becoming crucial from the point of view of business stakeholders. The article attempts to juxtapose the classical approach to Lean
Manufacturing, presenting its main principles. The authors also highlighted the key legal and formal requirements that determine a
different approach to Lean Manufacturing. The main sources of green wastage were then presented and possible ways of correlating
the Lean Manufacturing (classical) concept with Lean Manufacturing seen in the light of Sustainability challenges were analysed. This
combination was presented as Lean Green, thus indicating the possible relationship between Lean Manufacturing and Sustainability,
in its environmental part. Using examples of specific companies, the potential benefits of implementing a Lean Manufacturing concept
oriented not only on economic aspects, but above all on environmental benefits, are summarised. A review of the Polish and world

literature, an analysis of available sources and the authors' own experience were used.

Keywords: lean manufacturing, lean green, sustainability, environment, efficiency

1. Introduction

For years, manufacturing (production) processes have
been largely profit-oriented only, doing so by, among other
things, minimizing the unit cost of production. The concept
of Lean Manufacturing, derived from the Japanese Toyota
Production System (TPS), which is one of the strategies for
efficient management and organisation of processes, has in-
troduced significant changes in the perception of added value
seen from the perspective of the end user, i.e. the customer. In
the process of value creation, in addition to profit maximisa-
tion, quality embedded in the process, employee involvement
in building the organisational culture, elimination of waste
and continuous improvement have started to play an impor-
tant role, with a consequent contribution to the company’s
flexibility and further improvement of its economic efficiency.

However, in recent times, particular emphasis has been
placed on organising manufacturing processes in such a way
that their negative impact on environmental, social and em-
ployee welfare aspects is also minimized. The measure of the
attractiveness of the company, assessed from the point of view
of its stakeholders, i.e. end users, suppliers, contractors, etc.,
it seen through specific actions aimed at carrying out such
activities so that they are in line with the idea of Sustainable
Development. A strong determinant in the conduct of sus-
tainable activities is the European Union, which, in terms of
the European Green Deal strategy and the planned achieve-
ment of climate neutrality by 2050, is constructing its legis-
lation since 2019, which in a way, forces operators to focus

their attention, mainly on environmental issues. This, in turn,
results in the mutual organization of processes in such a way
that they are economically optimal, but at the same time envi-
ronmentally sustainable. Hence, seen over the years, the need
to adapt the Lean Manufacturing methodology to these real-
ities is starting to become even greater. An extension of the
Lean Manufacturing methodology in this way has become the
Lean Green concept, which using lean tools, seeks to develop
models for conscious action to improve environmental per-
formance.

This paper, based on the literature review and the authors'
own experience, presents the main principles and assump-
tions of the Lean Green concept. The legal background to
the need for integration measures is also outlined. Ways of
integrating Lean Manufacturing and sustainable development
into the Lean Green concept, for improving both economic
and environmental efficiency are analysed and discussed. The
environmental benefits of implementing selected Lean Man-
ufacturing tools were also pointed out, indicating in the final
conclusions the need to develop the issue in further empirical
research.

2. Lean Manufacturing as a Concept Aimed at Improving
Economic Efficiency

The concept of Lean Manufacturing was developed and
first used by scholars at the Massachussets Institute of Tech-
nology. In the mid-1990s, D. Roos, ].P. Womack and D.T. Jones
published the book “The Machine That Changed the World” in
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Tab. 1. Principles of Lean Manufacturing. Source: own elaboration based on [13]

Tab. 1. Zasady Lean Manufacturing. Zrédto: opracowanie wlasne na podstawie [13]

Criterion of principle

Description

Value

Defining what value is, defined only from the point of view of the end
customer. The value should be expressed in terms of a specific product,
good or service that will satisfy the customer’s needs at a specific price
and at a specific time.

Value stream

Identify the value stream. This stream is the set of all activities required
to produce a specific product in a process composed of the three most
important (in management) tasks, such as: product design, information
flow management and physical production execution.

Flow thinking.

Creating a flow of value-creating activities - changing the way of

Pulling

Retrieved from, a ‘sucking’ system. In such a system, it is the customers
who, according to their own needs, "pull" the product from the
manufacturers according to their expectations. This avoids a situation in
which manufacturers "push", often unwanted, products to customers.

Excellence

The implementation of the preceding actions allows those involved in the
process to realise that there is no end to the process of reducing inputs,
shortening time, limiting space, reducing costs and eliminating errors has
no end, which in the understanding of the concept of Lean Management
is at the central point and is referred to, as continuous improvement,
from Japanese word “Kaizen".

Tab. 2. Integration of Lean and Green. Source: own elaboration based on [15]

Tab. 2. Integracja Lean oraz Green. Zrédlo: opracowanie wlasne na podstawie [15]

The relationship between
Approach Lean and Green Example
. Frequent deliveries increase emissions and
Conflict The lean approach means less green. T X L
emission reduction reduce productivity.
) Lean and Green coexist, but do not The Lean teqm pursues economic goals, the
Mild complement each other. Green team independently pursues
P i environmental objectives.
Use of tools and techniques lean Red_ucmg prodlu_ct waste rehduces .
- manafacturing, which aims to eliminate enwron.menta 'mp.aCt a.t.t € same time.
Synergistic : ! X Improving economic efficiency in energy
waste in the economically, but consumption translates into environmental
inadvertently benefit the environment. mp
benefits.
Lean and Green are implemented as A strategy to reduce environmental losses
- part of the same strategy as part of a . . X
Symbiotic . X : borne by society during the entire product
continuous improving of the cycle
organisation. yce.

which they compared the parameters of results and expendi-
tures in American, European and Japanese companies. Toyota
Motor Production was recognised there as a leader with its
Toyota Production System [4]. Many definitions can be found
in the literature that attempt to explain the essence of the Lean
Manufacturing concept. One of these defines Lean as a meth-
od of improving the operation of a company that optimises
the creation and flow of value throughout the manufacturing
process through the continuous elimination of waste. It aims
to build quality into the manufacturing process while embrac-
ing the principle of cost reduction [7]. Lean Management is a
management methodology, that creates a work culture in an
organisation that makes all participants in the organisation
interested in continuously reducing costs, increasing quality
levels and shortening the delivery cycle. All this is done in
order to maximise customer expectations and to adapt seam-
lessly to the environment [9]. In relation to manufacturing
processes, i.e. the company's operational activities, we detail
the concept of Lean Manufacturing, which places particular
emphasis on the elimination of wastes, as this has a direct
impact on an organisation’s production efficiency. Sources of
wastage are common unproductive losses, such as [6]:
o production of products not ordered by the customer,
resulting in increased stocks finished products,
o idle waiting of machines and people for deliveries,
that are delayed or for the next steps in the process,
which is caused by poor work organisation,

o unnecessary transport of the materials in question
between the areas they operate, which refers to un-
necessary movement of machinery, as well as the
movement of products and raw materials,

o too long to perform certain operations due to poor
design of tools and products, rapid wear and tear
of equipment, breakdowns, contamination, quality
defects,

o excessively high material stocks, which freeze mon-
ey for the purchase of packaging or raw materials,
increase the risk of damage and make it difficult to
control the quality control of stored products,

«  moving workers around during work to find parts,
instructions, tools or aids, refers to poor work organ-
isation and poorly designed workstations,

o deficiencies or errors that need to be corrected or re-
paired, refers to the cost of scrapping defective prod-
ucts, the disruption of production and the time taken
for complaints.

Conducting activities with the use of Lean tools makes it
possible to eliminate both the described process “muda’, but
also overloading or inequalities occurring in processes. The
basis for the implementing Lean tools is to rely on the basic
principles of Lean Manufacturing, defined by the main cri-
terion that determines each of them. The main principles by
criterion of each are shown in table 1.
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Fig. 1. Sources of green waste. Source: own elaboration based on [15]

Rys. 1. Zrédta zielonych marnotrawstw. Zrédto: opracowanie wlasne na podstawie [15]

The key element for implementing Lean Manufacturing in
a company is to build awareness and employee culture at all
levels of the organisation, so that everyone is involved in the
improvement process and is aware of the benefits and tasks re-
sulting from the adopted Lean strategy of efficient operation.
Only then can one begin to implement Lean methods and
tools, such as 5S, TPM, SMED, Kaizen, visual management,
VSM, standardisation work and many others.

3. Sustainable Development and the European Green Deal
- a Context for the Conemporary Adaptation of the Lean
Manufacturing Methodology

The concept of Sustainable Development is becoming in-
creasingly important for the activities of manufacturing com-
panies operating in European and global value chains. Sus-
tainable development is defined as development, that meets
the needs of people today without compromising the ability of
future generations to meet their own needs. In order to achieve
sustainable development, three key elements need to be co-
herent: economic growth, social inclusion and environmental
protection [20]. In the context of the goals referred to as SDGs
(Sustainable Development Goals), included in the "2030 Agen-
da for Sustainable Development" of the United Nations, it is be-
coming crucial to work toward responsible production leading
to economic growth, while protecting the natural environment
and combating climate change. These goals and related targets
are global in nature and can be implemented worldwide, taking
into account the different conditions of individual countries,
their capacities and level of development, and their compatibil-
ity with national strategies and priorities [16]. Directive (EU)
2022/2464 of the European Parliament and of the Council of
14 December 2022 amending Regulation (EU) No 537/2014,
Directive 2004/109/EC, Directive 2006/43/EC and Directive
2013/34/EU with regard to corporate sustainability reporting,
referred to as the Corporate Sustainability Reporting Directive
(CSRD). According to it, all large entities and small and me-
dium-sized listed companies will already provide information
on: environmental, social and human rights issues and cor-
porate governance in their management report in 2024. This
information will be reported according to the common Euro-
pean Sustainability Reporting Standards (the so-called ESRS)
[17]. Undoubtedly, individual countries, or communities of
countries around the world are pursuing the main objectives,
thereby placing a focus on sustainable development. Thus, the
European Union is a party to the 2015 Paris Agreement to the
United Nations Framework Convention on Climate Change
(UNFCC). The Paris Agreement commits to reducing green-

houses gases (GHG) emissions in such a way that the increase
in average global temperature compared to pre-industrial levels
does not exceed 2°C. In addition, parties are to aim to limit this
increase to 1.5°C. According to emission models put forward
by the scientific community, including the Intergovernmental
Panel on Climate Change (IPCC), this implies a halt to global
emissions growth around 2030, followed by a successive reduc-
tion so as to reduce global emissions to zero in the second half
of the century [19]. Recognised by researchers for years, the
need for responsible consumption and production, rising GHG
emissions leading to climate change, increasing energy con-
sumption and the finiteness of the earth’s resources are among
the most serious challenges and dilemmas facing the world.
Sustainability, the European Union’s existing climate policy and
the listed environmental challenges gave rise in December 2019
to the European Green Deal Strategy - a set of initiatives with
the overarching goal of achieving climate neutrality by 2050
for all Member States. European Green Deal is also designed
to enable a fair energy transition, enable the supply of clean,
cheap and secure energy, support among others: the protection
of biodiversity, efforts towards a circular economy, promote and
support green investments as well as provide their financing.

A tool to support the transition is the EU Taxonomy,
which sets out the criteria that an activity must meet to be
considered environmentally sustainable (and thus to be able
to attract additional funding to carry it out). The EU taxono-
my identifies key environmental aspects, referred to as envi-
ronmental objectives, such as [10]:

combating and adapting to climate change (reducing
CO, emissions and improving energy efficiency),

water management,

activities for the Circular Economy;,
non-GHG emissions,

protection of biodiversity.

The EU Taxonomy therefore constitutes a requirement, but
also an incentive for economic actors to target their activities to
improve environmental performance in terms of the environ-
mental impact of a given activity and thus to obtain ‘green fund.

4. The Concept of Lean Green as a Combination of Lean
Manufacturing and Sustainable Development

Lean Green is a manufacturing method that minimizes
wastes and maximize environmental protection (first of all
minimizing emissions to air, water and soil) through prop-
er process and product design, with sustainability as its main
objective [8]. Environmental management tools such as LCA
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Tab. 3. The impact of selected Lean Manufacturing tools on environmental added value. Source: own elaboration based on [11] [12]

Tab. 3. Wplyw wybranych narzedzie Lean Manufacturing na $rodowiskowa warto$¢ dodana. Zrédlo: opracowanie wlasne na podstawie [11] [12]

Lean tool Impact on environmental added value
VSM Reducing waste, reducing the distance travelled by materials, products,
finished goods
5S Segregation of waste according to label codes, increase in training raising
the environmental awareness of employees
TPM Energy savings, improvement of OEE indicators
SMED Energy savings resulting from reduced machine changeover time

Tab. 4. Selected environmental benefits and activities in the field of Lean and Green application in the world. Source: own elaboration based on [18] [21]

Tab. 4. Wybrane korzyci srodowiskowe oraz dziatania w kierunku wdrozenia ,,zielonej i szczuplej” organizacji/produkcji na $wiecie. Zrédlo: opracow-
anie wlasne na podstawie [18] [21]

Company Action Benefit
Ellmlnat_lon of landfilling .Of The amount of waste landfilled so far has been reduced
production waste according to P
DuPont the DMAIC (Lean SixSigma) from 37,000 tonnes to zero. It generated $2.2 million in
approach. by-product sales and saved $400,000.
Applying the Lean approach to
General the organization of more than This reduced greenhouse gas emissions by 250,000 tonnes
Electric 200 actions searching for and saved $70 million in energy purchase costs.
opportunities to save energy.
3M Application of Leap, Six Sigma Emissions of pollutants into the air were reduced per unit
and the 3P (Pollution, o
Prevention, Pays) pollution of sale by 61% and t'hfe amolunt of waste generated by
T 30%, and energy efficiency improved by 27%.
prevention program.
. . By reusing water in the production facility, the
LSI Logic Implementation of Lean . ! .
Corporation | Green. g?gnbl,gfaoiteu.lrmg process need 63 percent less water than it

(Life Cycle Assessment) analysis, the ISO 14001 Environ-
mental Management System, the EMAS Eco-Management
and Audit Scheme [1], the ISO 50001 Energy Management
System and many others are also tools, that aim to minimize
environmental losses. In the Lean Green approach, it is im-
portant to also relate it to existing management systems and
environmental methods. Lean Green is a specific response to
the rising costs of energy procurement, the possible risk of
unstable supplies and the accelerating pace of regulatory and/
or governmental changes. It is a concept that involves min-
imization the negative environmental aspects occurring or
likely to occur within all types of waste identified in the lean
structure of the organisation [5]:

«  overproduction, generates more energy consump-
tion than required, related to the infrastructure used
to handle redundant products,

«  inventory, result in an increase in energy requirements
for storage (the need to heat, cool or light warehouses),

«  transport requires energy to transport of goods (par-
ticularly CO, emissions),

o  expectation, determines the power consumption
during standstill,

«  unnecessary movement, increases the need to have
space for semi-finished products and work in pro-
gress products,

o deficiencies, force additional energy expenditures
due to the necessity of corrective actions for produc-
tion non-conformities (repairs, alterations, reclassifi-
cation or scrapping),

o errors in the process, result in additional energy use.

Waste resulting from poor environmental performance
have been referred to as ‘green’ wastes. Their main types are
shown in figure 1.

The aim of integrating the concept of Lean Manufacturing
and sustainable development into the Lean Green approach

should be to achieve economic profit and the smallest possi-
ble environmental footprint, also referred to as an ecological
footprint (minimization the harmful impact of operations on
the environment). This combination makes it possible to meet
the expectations of sustainable development, but also in the
requirements of classically understood economic value. The
ways of achieving lean and green maturity when applying the
methodologies listed, together with the relationships that may
exist between them, are presented in table 2.

The Lean Manufacturing concept is a stimulator for re-
sponsible business, so companies applying Lean focus main-
ly on reducing production time and costs. From the Green
point of view, consumer satisfaction is higher the higher the
environmental status of a product. By investing in new envi-
ronmental products, excessive costs are reduced, which are
usually incomparable to the benefits that an organisation can
gain by implementing green practices [14]. Attempts to date
to link and integrate the concepts of Lean Manufacturing and
sustainable development in Lean Green involve the defini-
tion of so-called environmental added value. It expresses the
impact of the use of Lean tools in production processes for
selected environmental aspects. In other words, it provides a
measure of the environmental benefits of applying the tools of
Lean Manufacturing methodology. Table 3. describes how the
application of Lean tools can influence the building of envi-
ronmental added value and thus the environmental manage-
ment system.

Companies around the world approach the application of
Lean Manufacturing tools oriented toward improving environ-
mental performance in different ways. Very often this applica-
tion is unconscious - oriented towards process optimisation
brings economic benefits while having a more or less positive
impact on the environment. The environmental benefits could
be greater if this started to be done in a systemic and more de-
liberate way, as shown by the selected examples of Lean and
Green application worldwide, summarised in table 4.
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Lean Green has applications in various industries. Also in
the mining industry its application is possible, but the number
of these implementations is so far small and the environmen-
tal benefits are seen "incidentally”, which requires systemati-
sation and the application of a conscious approach to the de-
velopment of Lean Green in the mining industry. An example
of the implementation of a Lean tool for the mining industry
is the introduction of TPM (Total Productive Maintenance) at
KGHM Polska Miedz and the consequent elimination of the
tube-and-chain conveyor of the crusher dust removal system,
thereby achieving zero failure rates and improving energy ef-
ficiency by saving 6 kW of energy per shift [22]. Thus, not
only an economic benefit but also an environmental benefit
(in the spirit of Lean Green) was observed. The mining in-
dustry's self-awareness of sustainability is steadily increasing.
Not insignificant is also the awareness and expectations of in-
dustry stakeholders [23], who determine actions on the part
of mining companies towards improving the environmental
performance of the processes carried out there.

5. Conclusions

The overriding aim of applying the Lean Manufacturing
methodology becomes the pursuit of improving environ-
mental (in addition to economic) efficiency. The analysis of
the principles, tools and techniques of Lean Manufacturing
juxtaposed with the requirements of sustainable develop-
ment indicates the need to adapt the methodology and con-

sciously use it to improve the environmental performance of
manufacturing processes carried out, as well as a rationale
for presenting it as Lean Green. Legal determinants, such
as the European Green Deal Strategy and the resulting legal
instruments, which place particular emphasis on the preven-
tion of negative climate change, its protection, the creation
a circular economy, actions to protect the environment, are
a concrete premise for organising manufacturing processes
in such a way that they not only bring economic profit, but
are continuously improved towards improving environmen-
tal efficiency, and thus the impact of these processes on the
aforementioned ecological aspects. Of the Lean and Green
approaches presented, a symbiotic approach, in which Lean
and Green are implemented as part of the same strategy as
part of the continuous improvement of the organisation, will
yield the best results. The possibilities seen in the literature
and previous research to apply selected Lean Manufactur-
ing tools towards building a good environmental impact
of manufacturing processes provide excellent material for
specific implementations and tests in different industries, as
evidenced by examples of Lean and Green implementations
applied in companies with different industry specialisations.
Increasingly the need to adapt Lean and Green to specific
production conditions is becoming apparent, pointing to the
need for further empirical research into the adaptability of
Lean Manufacturing tools through the lens of environmen-
tally conscious benefits.
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Lean Green - integracja Lean Manufacturing i zrownowazonego rozwoju w Swietle dgzenia do

prowadzenia dziatalnosci efektywnej ekonomicznie i Srodowiskowo

Koncepcja Lean Manufacturing to zestaw technik, metod i narzedzi, ktérych zastosowanie w procesach produkcyjnych (wytwérczych)
ma wyeliminowa¢ marnotrawstwo i poprawic efektywnos¢ ekonomiczng tychze proceséw. Wyzwania zréwnowazonego rozwoju de-
terminujg nowe podejscie do prowadzenia dziatalnosci produkcyjnej. Kwestie zwigzane z dbatoscig o srodowisko i spoleczne aspekty
dziatalnosci przedsigbiorstw stajq si¢ kluczowe z punktu widzenia interesariuszy biznesowych. W artykule podjeto prébe zestawienia
klasycznego pojecia Lean Manufacturing, prezentujgc gtéwne zasady i zatozenia tejze koncepcji. Autorzy zwrdcili uwage na kluczowe
wymogi prawne i formalne, ktére determinujg potrzebe odmiennego podejscia do Lean Manufacturing. Przeanalizowano mozliwe spo-
soby korelacji koncepcji Lean Manufacturing (rozumianej klasycznie i zorientowanej na efektywnos¢ ekonomiczng) z Lean, widzianym
w Swietle wyzwat zréwnowazonego rozwoju. Polgczenie to zostato przedstawione jako Lean Green, wskazujgc tym samym na mozliwy
zwigzek miedzy Lean Manufacturing a zréwnowazonym rozwojem, w jego czesci Srodowiskowej. Zaprezentowano takze glowne Zrodta
»»zielonych marnotrawstw”, ktére mozna wyeliminowa¢ dzigki Lean Green. Na przyktadach konkretnych firm zestawiono potencjalne
korzysci z wdrozenia koncepcji Lean Manufacturing zorientowanej nie tylko na aspekty ekonomiczne, ale przede wszystkim na korzysci
Srodowiskowe. Wykorzystano przeglad literatury polskiej i Swiatowej, analize dostepnych zZrédet oraz wlasne doswiadczenia autoréw.

Stowa kluczowe: szczupla produkcija, lean green, zrownowazony rozwdj, Srodowisko, efektywnos¢
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