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Abstract. This paper investigates how lean production levelling methods can be
better applied in the process industry with support from key enabling technolo-
gies from Industry 4.0. To investigate such a topic, a literature study is conducted
in three main areas, namely production planning in the process industry, Lean
Production, and Industry 4.0. Based on the findings from the literature review, a
conceptual framework is developed to illustrate the ability of Internet of Things,
Big Data Analytics, and the further integration of IT systems to provide increased
reliability for materials, processes, equipment, and forecasts that improves the uti-
lization of Heijunka (production levelling) practices in the process industry.
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1 Introduction

The current competitive business landscape is increasingly getting more volatile and
uncertain. Therefore, companies must adhere to superior practices to be capable of
meeting the new challenges of competing. Conventional lean production levelling
methods have for several decades led to performance improvement in discrete manu-
facturing through offering greater predictability, flexibility, and stability for a wide
range of companies [1]. However, the process industry has not yet embraced the real
extent of benefits that lean manufacturing can offer [2]. This might be explained by the
characteristics of the process industry that are inherently complex and inflexible, which
makes a straightforward application of lean practices challenging [3]. However, such
characteristics do not make it impossible to apply lean principles, as many process in-
dustries have shown promising results in improving operational performance using
modified versions of certain lean practices [4]. Furthermore, the technology-oriented
industry 4.0 concept is being branded as the next enabler of performance improvement
in manufacturing [5]. Therefore, in this paper, we investigate how lean production lev-
elling practices can be applied in the process industry, with particular focus on which
Industry 4.0 technologies can support such an application.

Motivated by the research challenges and problems described above, we aim to use
the following research question to guide our investigation: How can key enabling



technologies of Industry 4.0 support and enhance lean production levelling practices
in the process industry?

2 Research Design

Given the nature of our research question, a preferrable approach would have been to
adopt case study research as our primary research method. However, due to the current
restrictions on access to case companies and travels in response of the Covid-19 pan-
demic, we attempt to answer the research questions by developing a conceptual frame-
work from literature review. Further research will explore the framework in empirical
settings. As such, we explore existing and relevant theories, models, and findings
through an extensive review of extant literature. The area of investigation is at the in-
tersection of three major areas: production planning (in particular production levelling)
in the process industry, lean production, and Industry 4.0.

We report the results of the literature review in Section 3. Section 3.1 focuses on the
area of planning in the process industry while Section 3.2 focuses on lean production,
as well as the intersection between lean production and production levelling in the pro-
cess industry. Section 3.3 focuses on Industry 4.0, as well as how Industry 4.0 builds
on traditional lean production principles and practices. In Section 4, by considering the
theoretical overview surrounding the intersection of all three areas, we attempt to an-
swer the proposed research question by offering a conceptual framework.

3 Literature Review

3.1 Production Planning and Control in the Process Industry

We start by giving a brief introduction to the notion of process industry, what charac-
terizes it and how it differs from discrete manufacturing. This is followed by an inves-
tigation on what the main characteristics within process industries are, and how such
attributes constitute potential barriers for the application of lean planning methods.
Discrete manufacturing normally consists of the manufacture of individual
parts and components that machines and operators weld, bolt and assemble together
to a complete product, with examples ranging from automobiles, cell phones, com-
puters, power tools and hair dryers [3]. [3] also states that the process industry,
on the other hand, is characterized by processes that involve mixing, extrusion,
chemical reactions and annealing. Products that are used in such industries are often non-
discrete materials which includes liquids, pulps, gases and powders and can often dry
out, evaporate or expand if they are not put into a container [4]. Examples can range
from different types of paints, processed foods and beverages, paper goods, fibres,
glass, steel, aluminum and ceramics.
Planning and scheduling decisions are essential processes in company-wide supply
chain and logistics management, and process industry operations are significantly



impacted by these decisions [6]. Planning in process industries creates plans within
production, supply, distribution, sales, and inventory based on demand information
while considering all known and relevant constraints [7]. For long- to medium-term
planning, detailed routing information for sequencing is often required as “products are
commonly defined by the succession of production steps which they undergo” [8].
Sales and demand information, availability of raw materials, simultaneous production
of co-products and final products or optimal usage of expensive equipment have a sig-
nificant impact on production planning and control [8].

The flow of materials in the process industry can differ from one batch to the next.
[8] suggests that such industries must cope with variable recipes and specific sequences
of transformation processes. Next, dedicated production technology and special storage
equipment is often required for all materials that must be taken into account by planning
and scheduling systems. Furthermore, according to [9], the production units and mate-
rial flows tend to have more interrelationships, as both production flow and material
complexity are higher. For these reasons, planning and scheduling in the process indus-
try is complicated. Therefore, conventional planning methods such as MRP and lean
levelling techniques, which are more associated with discrete industries, are hard to
apply [2]. Such existing production planning and control concepts do not suit the needs
of process industries in general [8]. Much of the extant literature supports the imple-
mentation of lean production and planning concepts in process industries, but due to its
inherent characteristics it is challenging to apply these directly. This is especially true
for the flexibility limiting characteristics such as long and sequence-dependent setup
times and changeover cost which are in direct contrast to Lean Production [2].

3.2 Lean Production

This section introduces the lean philosophy, principles, and tools, and focuses on
production levelling (Heijunka) practices in order to understand its effects, require-
ments, and its applicability in the process industry. Lean Production, largely
based on the manufacturing principles and work processes developed by Toyota [10]
and quickly spread to different industries [12]. [13] defines the basis of the Toyota Pro-
duction System (TPS) as the absolute elimination of waste and suggests that this is the
key to improving productivity and competitiveness. Lean Production is an enterprise-
wide continuous improvement approach aimed at eliminating waste and creating value
for the customer.

Lean production planning and control practices (e.g., production levelling)
have enabled companies to improve their performance and reap high benefit. However,
while Lean Production can be applied to various industries and types of organization
[14], the adoption thus far has mainly taken place in discrete manufacturing,
rather than in continuous or process industry sectors [3].

Production levelling is one of the essential Lean Production practices [15]. Also
called Heijunka or production smoothing, it refers to the practice of levelling the vol-
ume of material that is being produced over time, such that the production level is as
constant as possible from day to day. Particularly beneficial for the process industry



where stable production environments are preferable. According to [1], level produc-
tion is scheduling the daily production for different product types in such a sequence
that evens out peaks of the produced quantities. Production levelling can be conducted
by gathering all orders over a specific period of time and scheduling the production at
an even rate and in the mixed sequence, i.e., repetitive patterns [3]. According to this
levelling pattern, every product type is manufactured within a periodic interval called
the Every Part Every (EPE) interval. The general objective is to reduce the EPE interval
to a cost-effective minimum [15]. The benefits of Heijunka include improved opera-
tional stability and reduced variability of resource utilization and material require-
ments, as well as reduced quality problems, breakdowns and defects. Despite these
positive effects, however, levelling does not mean waste-free production. On the con-
trary, successful implementation of production levelling often requires a controlled
inventory of finished products [15]. But, this often small inventory buffer enables the
reduction of irregularity (mura) and overburden (muri), and reduces both the bullwhip
effect and delivery lead time [16].

The Heijunka concept has been customized by several scholars to handle the different
batch sizes and product mix that characterizes the process industry, for example EPE
[1], Product Wheel [3], and Rhythm Wheel [17]. These new cyclical planning methods
are based on a systemic and visual metaphor for a repeated planning methodology
that aims to mitigate the variation in demand volume through optimized production
sequences, enabling the creation of the best sequences of products and batches includ-
ing into the calculation the setup and changeover time [3]. Moreover, capacity that is
not fully utilized is often maintained for strategic reasons, such as reducing changeover
times and carrying out continuous improvement practices [ 1 ]. However, Heijunka
planning in the process industry increase planning complexity significantly causing the
need for extensive planning and replanning capacity.

3.3 Industry 4.0 and Key Enabling Technologies

Industry 4.0 is characterized with several main technology clusters, including Cyber-
Physical Systems (CPS) and Internet of Things (IoT) [18]. In a manufacturing envi-
ronment, CPS and [oT facilitates the advancement of autonomous productive pro-
cesses which become intelligent: “through communication and decision algorithms,
the components can decide on their configuration and their path in the line production”
[19]. Furthermore, according to [ 2 0 ], in Industry 4.0, the intelligence is distributed
across the process steps and not centralized, which provide greater stability and op-
erations flexibility, as well as reducing planning resources and ease replanning.

Industry 4.0 is promising for manufacturing companies, as new key enabling technol-
ogies will enable companies to gain a significant competitive advantage. As such,
wan say that Lean Production and Industry 4.0 share the same objective, even
though some consider them to be based on competing principles [21]. However, the
empirical study of [22] suggests that Industry 4.0 technologies alone do not contribute
to performance improvement and should rather be seen as enablers of Lean
Production.



A literature study on how Industry 4.0 impacts Production Planning and Control
(PPC) functions in general was conducted by [23], where the majority of research were
mostly based on IoT technologies — concerning the integration of manufacturing exe-
cution systems and process control, interoperability, digitalization, real-time data col-
lection, visibility, traceability and sharing of information. Hence, the most relevant
industry 4.0 key enabling technology clusters for this investigation (using the classifi-
cation of [24]) are IoT, Big Data Analytics and Integration of IT systems. This is also
in line with the brief description of the Heijunka 4.0 concept provided in [25].

4 Conceptual Framework

To mitigate some of the inherent characteristics that inhibit lean production levelling
(Heijunka) in the process industry, we suggest that it is possible to apply three specific,
enabling technology clusters associated with Industry 4.0, selected from the classifica-
tion provided in [24]. The framework is presented in Fig. 1, showing that the Industry
4.0 technologies IoT and Big Data Analytics can be applied to gather information re-
garding process industry characteristics that otherwise prevent the effective application
of Heijunka methods, and integrates these into existing IT planning architectures such
as ERP and APS software. The two-way arrows in the model illustrate that the elements
are interconnected and communicates in real time.

Tools within the technology cluster IoT such as Radio Frequency Identification
(RFID) and positioning sensors that measure times between specific product types and
optical recognition sensors for determining product types can have significant impacts
on Heijunka methods. High reliability of production processes is a prerequisite for such
Heijunka methods, and IoT can enhance process management and control. Everything
from variability in raw material quality to variations in internal processes and stock
levels, such as dosing of raw material, temperature control, residence times, aging cat-
alysts and system fouling will contribute to process variations. By using sensors and
vision technology, to collect and connect data from various sources, and using Big Data
Analytics for advanced calculations and simulations it is possible to predict process
behavior, and increase production process reliability resulting in reduced changeover
times, reduced production processing times, and increased available time for process im-
provement (e.g. predictive maintenance [25]).



Heijunka 4.0

Integration of IT Systems

Big Data Internet of
Analytics Things

Fig. 1. Conceptual framework for Heijunka 4.0.

Furthermore, by utilizing IoT technologies, making material and equipment communi-
cate with each other by using sensors such as Radio-frequency Identification (RFID),
the equipment can quickly change to corresponding parameters, hence reducing the
changeover times [26]. Furthermore, Big Data Analytics can use advanced simulation
methods to optimize changeover and setups, by testing different methods [27]. As dis-
cussed in Section 3.2, shorter set up and changeover times will result in shorter cycle
times for the Heijunka schedule, which could lead to more flexibility to meet demand
variations. What has been discussed so far relates more to internal factors, such as ma-
terial, process and equipment. Another important factor to make the Heijunka approach
well suited is low variation in demand. Big Data Analytics that utilizes advanced algo-
rithms and calculation methods enhances forecast quality, and the level planning can
be stabilized by utilizing the combination of data history and a deeper understanding of
customers’ needs through in-depth analyses of the market.

This may also have a positive effect on the occurrence of waste (muda) arising from
levelling practices. For example, [15] suggests that the successful implementation of
production levelling often requires a controlled inventory of finished (ore indeed semi-
finished) products. Though this often small inventory buffer enables the reduction of
irregularity (mura) and overburden (muri), and reduces both the bullwhip effect and
delivery lead time [16]; by Integrating IT systems, the data information that is collected
and calculated can thereafter be aggregated into the existing IT architectures such as
ERP and APS for enhancing the Heijunka schedule. Parameters such as inventory re-
plenishment levels, supply, production sequences and cycle times can be further opti-
mized by utilizing information gathered and aggregated from IoT and Big Data Ana-
lytics regarding material, processes, equipment and demand, contributing to the elimi-
nation of traditional waste in the form of excessive inventories, but also reducing digi-
tal-waste in both its active- and passive forms (as described in [28]).



[29] also explores various sources of "buffer waste", where an organization's efforts to target
muri and mura often generate unforeseen examples of muda. We suggest that the Heijunka 4.0
concept can be used to alleviate "the muri, mura, and muda vicious cycle".

5 Conclusion

We set out to investigate the potential support functionality of Industry 4.0 key enabling
technologies for lean production levelling in the process industry. As such, we ad-
dressed the research question: How can technologies associated with Industry 4.0 sup-
port lean production levelling practices in the process industry?

It has been demonstrated in this study that Industry 4.0 technologies can both enable
and improve the adoption of Heijunka in the process industry. The literature argues that
Industry 4.0 supports lean principles, however, only a few studies study how individual
industry 4.0 tools support specific lean practices. Thus, on the basis of these few studies,
a conceptual framework detailing how the different tools of Industry 4.0 support the
levelling of production in the process industry has been developed. This framework
illustrates that the Industry 4.0 technology clusters Internet of Things and Big Data
Analytics can provide predictability and visibility for factors such as process, material,
equipment and demand. These types of data can be aggregated into existing IT systems,
such ERP, MES, and APS that designs the level schedule, using the Industry 4.0 tech-
nology cluster Integration of IT systems.

In terms of limitations, although this investigation was carried out with the aim of
having a strong practical involvement in bridging the gap between the application of
lean production levelling practices in discrete manufacturing and in the process indus-
try, further empirical studies are needed to assess and consolidate the conceptual frame-
work. Indeed, multiple case studies applying the Heijunka 4.0 concept are required to
evaluate the conceptual framework in greater detail.
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