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Abstract: The chemical industry has sustained the development of global economies by providing
an astonishing variety of products and services, while also consuming massive amounts of raw
materials and energy. Chemical firms are currently under tremendous pressure to become lean
enterprises capable of executing not only traditional lean manufacturing practices but also emerging
competing strategies of digitalization and sustainability. All of these are core competencies required
for chemical firms to compete and thrive in future markets. Unfortunately, reports of successful
transformation are so rare among chemical firms that acquiring the details of these cases would seem
an almost impossible mission. The severe lack of knowledge about these business transformations
thus provided a strong motivation for this research. Using The Open Group Architecture Framework,
we performed an in-depth study on a real business transformation occurring at a major international
chemical corporation, extracting the architecture framework possibly adopted by this firm to become
a lean enterprise. This comprehensive case study resulted in two major contributions to the field of
sustainable business transformation: (1) a custom lean enterprise architecture framework applicable
to common chemical firms making a similar transformation, and (2) a lean enterprise model devel-
oped to assist chemical firms in comprehending the intricate and complicated dynamics between
lean manufacturing, digitalization, and sustainability.

Keywords: lean enterprise; digitalization; sustainability; enterprise architecture; The Open Group
Architecture Framework (TOGAF)

1. Introduction

The chemical industry plays a key role in the global economy. With annual sales of
USD 5 trillion and a workforce of more than 20 million people, chemical manufacturing
is the backbone of various end-market industries, including automobiles, construction,
pharmaceutics, agriculture, etc. [1,2]. In addition to economic contributions, chemical
firms also have a key role to play in pursuing various societal and sustainability goals.
Especially through major initiatives such as Responsible Care and the Global Product
Strategy, chemical companies have made significant progress in making products with
renewable resources (that is, supporting a circular economy), improving chemical usage
across the value chain, reducing greenhouse gas (GHG) emissions, and improving the
sustainability of the food supply [3].

At present, chemical firms are facing a global market that is changing rapidly. In
such a dynamic environment, technology is advancing at an exponential rate, along with
increasingly higher customer expectations. Instead of pushing individual new products
into the markets, developing integrated solutions has become a better strategy. Meanwhile,
climate change, resource scarcity, and other global issues are driving firms to pursue
innovation and differentiation so as to develop or maintain a unique competitive advantage.
At the same time, these challenges are also new growth opportunities for chemical firms [4].
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According to market research [5], three megatrends are expected to have a profound
impact on the chemical industry in the coming years: sustainability and the circular econ-
omy, digitalization, and innovation and accelerated globalization. Especially, the first
two megatrends are considered as the major force for enabling Chemistry 4.0 [6,7], that is,
the fourth revolution of the chemical industry. (In the past, industrialization and coal chem-
istry enabled Chemistry 1.0, petrochemistry enabled Chemistry 2.0, and globalization and
specialization enabled Chemistry 3.0.) With the industry currently undergoing a paradigm
change in demand structure and public preference, digitalization and sustainability should
soon become critically important strategies for chemical firms. Not long ago, there was
a general belief among chemical firms that they could either focus on making a profit or
concentrate on caring about the world. Today, many believe that they have to do both; it
means doing well (focusing on profit) will go together with doing good (improving the
world). So a purpose-led chemical company will balance the need to generate profitable
growth with the need to make a positive contribution to the world, because “we cannot be
successful, nor can we call ourselves successful, in a society that fails” [8].

The following depicts how the chemical industry should change for the future (with
the application of Peter Drucker’s “paradigm of change” model [9]). It consists of three ele-
ments: is, will, and should. The business transformation needs to find a balance between
the three:

• What is the business? Operations: Traditional (or the firm’s traditional state of exis-
tence at present). The chemical industry’s traditional focus is lean manufacturing and
continuous improvement by concentrating on organizational strengths.

• What will the business be? Tactics: Transitional (or the firm’s transitional state of
existence for the future). As previously elaborated, this transition in the chemical
industry can arguably be adopting digitalization to increase efficiency and drive
growth by satisfying unmet consumer needs.

• What should the business be? Strategy: Transformational (or the firm’s transforma-
tional state of existence). As elaborated in the following, this transformation for the
chemical industry can be targeted at elevating chemical firms from simply conducting
lean manufacturing to adopting lean enterprise practices in order to achieve higher
standards (e.g., UN sustainability goals) by attracting new customers or successfully
exploiting new product development.

A lean enterprise (LE) is a group of individuals, functions, and legally separated but
operationally synchronized organizations [10]. With efficient administration and strong
leadership integrated with R&D, production, distribution, sales, customer service, and
other business functions, an LE can rapidly identify promising opportunities from each
value stream and extract the most value for customers. Interpreted according to current
development trends in the global markets, an LE can be described as “a process-oriented,
digitized value-adding network as well as the waste-free interaction of humans, organiza-
tional, and technical aspects in a fully interconnected and integrated system” [11]. This
study intends to contribute to the development of the required knowledge, know-how, and
tools to make LEs a common reality in the chemical industry. Enterprise architecture (EA) is
used as the main research tool because it is a mature enterprise practice. The goal is to gain
useful results for chemical firms to transform into lean enterprises, capable of simultane-
ously achieving lean manufacturing, digitalization, and international sustainability targets
such as the United Nations Sustainable Development Goals (UNSDGs) [12]. Therefore, this
study used EA methodology as the research tool to examine an actual case study of a major
international chemical firm. The aim was to understand the EA framework or model for
chemical firms to transform into LEs.

The remainder of this paper is organized as follows. In the next section, the chal-
lenges currently faced by chemical firms are stated in detail, followed by elaborations
of corresponding strategies. In Section 3, a literature review is presented to cover the
major components of this study: EA, sustainability, digitalization, and LE. The research
methodology used to examine the case study is described in Section 4, and it is applied to a
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comprehensive study of a major international chemical firm in Section 5. Research findings
and contributions are elaborated in Section 6. Finally, potential works to be considered for
future research are described in Section 7.

2. Challenges to Overcome and Paths to Take

The chemical industry has experienced a long period of prosperity. Whether that
prosperity will continue is mostly based on how well chemical firms can perform in
three critical areas: (1) growth and innovation, (2) market performance and cost opti-
mization, and (3) circular economy and sustainability [13]. Moreover, as suggested by
Bartels et al. [14], the industry is currently on the brink of profound changes triggered by
several disrupting forces:

• A circular economy, which replaces the traditional take–make–dispose way of life
with the production of reusable and recyclable goods.

• Industrial recalibration, which refers to the use of digital technologies to increase
manufacturing efficiency.

• Digitalization downstream, which means conducting end-to-end value chain digital-
ization to address consumer needs.

• Reworking work, which refers to deploying new workforce models to handle new
types of work in the digital age.

These disrupting forces will bring serious challenges as well as brand new opportuni-
ties to the industry in the foreseeable future.

According to Digital McKinsey [15], a noticeable number of companies are attempting
to change from making point solutions to delivering sustainable impact by adopting
digital technologies. The following are strategies commonly adopted for such a campaign:
(1) Establish a clear vision and a time-phased execution roadmap. (In reality, as many as 59%
of manufacturers do not have such a vision and only 25% have finished some sort of pilot
work to showcase potential benefits.) (2) Take every opportunity to remove operational
pain points or create competitive edges. (However, over 50% of manufacturers consider
insufficient ROI as a major barrier to large-scale digital manufacturing.) (3) Resolve the
capability gap. (This is because 69% of manufacturers consider talent as the number-one
issue in their migration to digital manufacturing.) While posing serious challenges, these
disruptive changes also bring new growth opportunities. For chemical firms, the biggest
challenge is to really understand where their industry will prosper. After identifying where
the industry will best operate, the focus then becomes constructing execution roadmaps
and, more importantly, a well-thought enterprise architecture framework (or similar things)
to provide a clear vision/guidance for the transformation journey.

As stated earlier, sustainability/circular economy, digitalization, and innovation/accelerated
globalization are the megatrends that are currently shaping the future of the chemical
industry [5]. To prepare for upcoming challenges, firms must at least reevaluate their
product/service portfolios and adjust their business models accordingly. In addition, firms
may also consider approaches such as enhancing certain sustainability efforts with digital
technologies (e.g., measuring product environmental footprints, developing sustainable
business models, or creating sustainable innovations) [16]. There are indeed success
stories of using digital technologies; however, the technology also spurs cybercrime and
compromises privacy. The more serious issue is that digital transformations are among the
most difficult organizational transformations that firms can possibly engage in. To be more
precise, in a market study by McKinsey & Company [17], less than 25% of organizations
report improved performance with digital transformations; moreover, only some of those
improvements are long-lasting. Obviously, if digital transformations are to be done along
with lean manufacturing and sustainability, the level of difficulty can only be higher.

Therefore, from a practical as well as a research point of view, it is worth the effort
to study the convergence of these megatrends, in order to know better how one may
influence the others. So far, studies have been conducted to uncover the knowledge in
the convergence of two megatrends, e.g., digitalization and sustainability [18], which
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provides insights such as whether the growing application of digital technologies among
chemical firms will foster a smoother transition toward sustainability for the industry.
Nevertheless, almost no research has been done to explore the intricate dynamics among
all three megatrends and their collective influence in shaping the future. The need for such
knowledge is thus quite urgent.

In summary, there are research gaps in previous studies in how to develop a workable
approach or model for business transformations and establish a clear vision with an
execution roadmap, which involves lean manufacturing, digitalization, and sustainability.
Therefore, the aims of this study require seeking answers to the following questions:
(1) What LE architecture framework can be developed to integrate lean manufacturing,
digitalization, and sustainability for the chemical industry in the future? (2) What is the LE
model for the chemical industry to follow to realize the interaction and dynamic influence
between lean manufacturing, digitalization, and sustainability?

Enterprise architecture (EA) is “an approach for managing the complexity of an or-
ganization’s structures, business environments, different information systems, and for
facilitating the integration of strategy, personnel, business, data, and information technol-
ogy (IT)” [19]. From a different perspective, EA is “a well-defined practice for conducting
enterprise analysis, design, planning, and implementation, using a comprehensive ap-
proach at all times, for the successful development and execution of strategy” [20]. By
applying architecture principles and using the various aspects of an enterprise, EA and
the associated governance systems offer a disciplined and proven logic for organizations
to handle major tasks, motivating and guiding them to accomplish substantial changes
in their business, processes, and IT [21]. Thus, the chemical industry could benefit from
an EA developed to incorporate digitalization and sustainability in the industry’s lean
manufacturing business environment. Such a blueprint should be quite useful in helping
chemical firms to become LEs, thus making them better prepared for future markets.

3. Literature Review

This section reviews the literature on EA, sustainability, digitalization, and LE in
four subsections.

3.1. Enterprise Architecture (EA)

EA is aimed at giving an enterprise control over its complexity, processes and infor-
mation systems, data demand, and interface analysis. EA creates a complete view of an
enterprise, understood by all involved stakeholders, and supports the transfer of strategy
to daily processes [22].

The following are EA frameworks discussed in [23]:

• The Zachman Framework is a pioneering work in this field, proposed by John Zach-
man in 1987. The framework is depicted as a bounded 6 × 6 “matrix” with 5W1H
(what, how, where, who, when, and why) for six stakeholders (planner, owner, de-
signer, builder, implementer, and participant) in an enterprise. The communication
interrogatives are listed columns and the reification transformations in rows [24].

• The NATO Architecture Framework (NAF) provides a standard for developing and
describing architectures for military and business use. NAF life cycle group activities
are organized in eight stages: establish architecture landscape, establish architecture
vision, describe alternatives of architecture, evaluate alternatives of architecture and
propose trade-offs, develop and maintain migration plan, govern the application of
architecture, decide on architecture changes, and manage architecture motivation data
and dashboard [25].

• The University of Minnesota Framework applies a set of EA guiding principles:
demonstrate value, promote stewardship, enhance transparency and communication,
have conversations, reduce risk, and fortify compliance [26].

• The Department of Defense Architecture Framework (DoDAF) covers four enterprise
views: operational, system, technical standards, and all views [27].
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• The Federal Enterprise Architecture Framework (FEAF), developed by the US Federal
Chief Information Officers Council [28], is based on the following items: primary
outcomes, levels of scope, essential elements, sub-architecture domains, reference
models, current and future views, transition plans, and a roadmap.

• The Treasury Enterprise Architecture Framework (TEAF) was published by the US
Department of Treasury in July 2000 [29].

• The Open Group Architecture Framework (TOGAF) was developed by members of
The Open Group who worked within the Architecture Forum [30]. TOGAF standards
include a content framework to increase output consistency, created when using the
Architecture Development Method (ADM) [31].

Companies select an EA framework based on their corporate objectives and industry-
specific considerations. As revealed in the literature, TOGAF and FEAF are popular EA
frameworks; their adoption rate in the public sector is 32% and 25%, respectively [32].
Table 1 lists selected EA studies covering various business functions (e.g., strategy, IT, and
technology development) in multiple industries (e.g., public sector, private enterprises,
hospitals, universities, and airports).

Table 1. Selected EA research.

Subject Feature Reference

Integrated research for architecture-based
energy management in sustainable airport

Use TOGAF ADM to propose EA for an energy
management information system in an airport [33]

Architecture board practices in adaptive
enterprise architecture with digital platform:
case of a global healthcare enterprise

Conduct digital transformations with adaptive
EA to align IT strategies and other related
elements for global health care enterprise

[34]

Hospital enterprise architecture framework
(study of Iranian University Hospital
Organization)

Use TOGAF to develop localized EA
framework for university hospital [35]

Designing enterprise architecture based on
TOGAF 9.1 framework

Use TOGAF to develop EA for state-owned
enterprise in Indonesia [36]

Enterprise Architecture: Key to Successful
Digital Business Transformation

Use TOGAF ADM to develop EA for STMIK
(university in Indonesia) [37]

Architecture framework of IoT-based food and
farm systems: multiple case study

Develop architecture framework for IoT-based
systems in agriculture and food industries [38]

Transformational and transactional factors for
successful implementation of enterprise
architecture in public sector

Use organizational performance and change
theory to identify success factors for EA
implementation in South Korea’s public sector

[39]

3.2. Sustainability in the Chemical Industry

In the 1970s and 1980s, several major chemical disasters occurred in different parts
of the world, including the Seveso chemical accident in 1976, the Bhopal gas tragedy in
1984, and the Houston Chemical Complex explosion and Exxon Valdez oil spill in 1989.
These human-made accidents inflicted tremendous damage on the economy, society, and
environment. To regain the public’s trust, chemical firms have taken various measures
to ensure public safety and sustainable development [40]. The most frequently quoted
definition for sustainable development is “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” [41],
and for sustainability is “the possibility that humans and other life will flourish on earth
forever” [42].

Sustainability has gradually become a significant focus across the chemical industry,
inspiring the establishment of many global initiatives. For example, Responsible Care is an
initiative that started in Canada in 1984 and was implemented by the US chemical industry
in 1988; at present, it is being followed in 68 economies worldwide [43]. Based on the
principles of the UN Global Compact and Responsible Care, Together for Sustainability
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(TfS) is a joint effort by 25 chemical firms to establish de facto standards for the environ-
mental, social, and governance (ESG) performance of the chemical supply chain [44]. The
purpose of Chemie3 is to use sustainability as a guiding principle for the German chemical
industry and enhance its contributions to sustainable development [45]. The Platform for
Accelerating the Circular Economy (PACE) is an initiative that was launched during the
2018 World Economic Forum annual meeting to drive public and private actions on the
circular economy [46]. Founded in 2019, the Alliance to End Plastic Waste (AEPW) is a
global, cross-value-chain initiative that was formed to stop the disposal of plastic waste in
the environment [47]. So far, more than 40 companies in the plastics and consumer goods
value chain have committed over USD 1.0 billion to minimize plastic waste and promote
post-use solutions. All of these are efforts that the chemical industry has been transforming
to achieve the UNSDGs, which will, in turn, dramatically change the way of doing business
not only for the benefit of the business itself but also for the environment and society.

The UNSDGs were launched in 2016 in an effort to end poverty, protect the planet,
and ensure prosperity for all humanity. Each of the 17 UNSDGs has a specific target
to be achieved by 2030, which can only be done with the united effort of governments,
industries, civil societies, communities, and individuals [48]. In 2018, the chemical industry
worked with the World Business Council for Sustainable Development (WBCSD) to explore
the potential for chemical firms to contribute to the UNSDGs. The chemical sector can
help advance each of the 17 SDGs in a range of different ways. However, to develop
an interaction with this basic plan, the industry needs to prioritize what SDGs it has the
most influence on or the most ability to drive innovation, transformation, and impact by
leveraging its role in the value chain. WBCSD identified 10 goals as priority SDGs for the
chemical sector [49] across the five themes (food, water, people and health, energy, and
infrastructure and cities) as impact opportunities. The four cross-cutting factors are human
rights, a low-carbon economy, circularity, and digitization.

3.3. Digitalization in the Chemical Industry

Compared to sustainability, digitalization is still in its infancy in the chemical industry.
At present, the primary focus is on technical-related issues, but digital transformation is not
about technology; most types of digital technology provide possibilities for efficiency gains
and customer intimacy. Still, if people lack the right mindset to change, and the current
organizational practices are flawed, then digitalization will simply magnify those flaws
and fail [50]. According to Westerman et al. [51], digitalization initiatives align with three
critical areas of digital transformation: customer experience, operational processes, and
business models. Digitalization can help chemical companies to achieve the next frontier of
excellence in key aspects that are determining the future of the industry, and these strategic
objectives can be pursued at different stages of the chemical value chain and in combination
with each other, especially in business operation and growth areas.

It is still an open question as to how digitalization will change the chemical industry.
According to a broad European chemical industry stakeholder survey [52], the key chal-
lenges that will determine the outcome and require the special attention of decision-makers
in the chemical industry are as follows:

• Missing advanced digital skills;
• A lack of understanding about the advantages of digitalization;
• Uncertain returns from digital investments;
• A lack of methods and processes for digital transformation.

There are three main ways by which digitalization will affect the chemical industry.
The first is applying digital-enabled approaches to improve companies’ business processes
for functional excellence. The second is using digitalization tools to affect demand patterns
in end markets, with implications for the industry’s value chains. The third is making
changes in digital developments that lead to changes in the business models through
which companies capture and create value for customers [53]. These changes happen at
the chemical manufacturing plant level, mainly in three dimensions [54]:
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• Data management: Most data lakes will be built on the premises and not be cloud-
based, given limited gains from data sharing between sites due to the risk of data
security, a lack of speed, and the limited comparability of sites.

• Asset optimization: Yield, energy, and throughput with in-line quality control and
predictive-asset reliability will be critical levers.

• People’s tasks: Operator workload can be reduced by robotics and automation; the
tasks of control room operators will move from “control” to “improve,” creating an
enormous challenge of upskilling.

3.4. Lean Enterprise

Lean manufacturing is a continuous improvement methodology that focuses on
minimizing waste within manufacturing systems while maximizing customer value. A lean
enterprise (LE) is a group of individuals, functions, and legally separate but operationally
synchronized firms with a collective focus on a value stream so they can provide the most
value to customers [10]. Womack [55] considers purpose, process, and people as the keys
to implementing a lean management system and the essential metrics for evaluating lean
efforts. In his opinion, the best lean tool may simply be a pair of good shoes, which allows
a manager to walk through the value streams to conduct a detailed investigation. In other
words, managers and executives must be capable of thinking “horizontally” across business
functions to understand and improve value flows.

The LE starts by aligning the purpose, vision, goals, and strategies communicated
throughout the organization with critical measures, targets, and activities. The next focus is
on the process for value stream management to ensure the capability of achieving goals to
meet customer expectations for product quality, delivery, and cost by utilizing the supply
chain at its optimal level. Then, the focus on people ensures evident accountability at all
levels, which includes creating skill development programs, resource management systems,
human resources, and health and safety programs. Firms must improve these three Ps
(purpose, process, and people) continuously so they can move toward a future sustainable
lean business [56].

The LE enables optimization over the entire enterprise and coordination with other
stakeholders of the value stream to achieve operational excellence in all business func-
tions (not just the manufacturing part). The LE can integrate sales, R&D, production,
service, administration, and even leadership to maximize value creation. The LE must
also make sure that its development is in line with the economic, environmental, and
social objectives of the enterprise [57]. The general structure of the LE, which contains
lean product development, production, and sales and service systems; leadership and cul-
ture; and administrative processes, is especially crucial to successful implementation [11].
The LE structure also represents an application of the concepts of lean and sustainability;
Taucean [58] addresses the similarities and complementarities of lean and sustainability
principles with the purpose of integrating the benefits of the two concepts’ tools when
used together for industry application. Schreiber et al. [59] propose combining lean prin-
ciples with selected digitalization tools to develop a lean digital capability for building a
sustainable competitive advantage.

4. Research Methodology

The research methodology adopted in this study was TOGAF (Section 3.1). With
EA determined by enterprise vision, strategic goals, business requirements, and technol-
ogy [60], TOGAF provides a structural mechanism to depict that architecture, and its
actual development/management is achieved with the ADM. Especially, the ADM can
effectively manage an EA’s lifecycle. There are eight major phases with this architecture
method: vision (phase A), business architecture (phase B), information systems architec-
ture (phase C), technology architecture (phase D), opportunities and solutions (phase E),
migration planning (phase F), implementation governance (phase G), and architecture
change management (phase H). Situated in the center of these phases is a rigorous practice
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for managing business requirements (requirements management). Commercial software
has been developed to implement the TOGAF ADM, such as the software package offered
by Visual Paradigm [61].

The main guideline for LE architecture development is to focus on what values
are created for stakeholders and how to develop the selected horizontal/vertical scope
and architecture domains. Therefore, three dimensions are typically used to develop
the architecture framework of an LE [31]: (1) Breadth: What is the full extent of the
LE, and what part of that extent will this architecting effort deal with? The LE extends
beyond traditional enterprise boundaries to embrace a combination of business scope with
suppliers, customers, government, community, and shareholders. (2) Depth: What level of
detail should the architecting effort go into? How much architecture is “enough”? How
do we align the LE purpose with processes and people? The architecture framework of
an LE is divided into the following parts: company mission, business driver, strategy
for operational excellence, business goals, and architecture landscape. (3) Architecture
domains and principles: A complete EA should contain the principles for how to develop
these architectural domains (business, application, data, and technology) as an LE.

TOGAF is a generic method for architecture development that can deal with the
above-mentioned LE requirements. Using TOGAF, we performed an in-depth study of
a real business transformation occurring at a major international chemical corporation,
extracting the architecture framework possibly adopted by this firm to become an LE. It
started with a preliminary phase to establish LE architecture principles and identify the
organizations impacted by the LE business transformation. Second was the vision phase,
to create the mission, business drivers, strategy, and business goals of an LE. Third, three
kinds of architecture were developed in sequence for the LE: business architecture for
focused business domains, information systems architecture for application and data, and
technology architecture for digital technologies. Finally, the target LE architectures were
established for the subject organization, then a gap analysis was performed to identify
major differences between as-is and to-be architectures, and migration planning was
initiated to analyze potential costs, benefits, and risks for the implementation roadmap.
This case study process using TOGAF also aligns with lean manufacturing principles for
continuous improvement culture, digital technologies for process optimization, and goals
customized for the chemical industry to achieve UNSDGs.

5. Case Study

The TOGAF research methodology described above was used to examine an actual
case study aimed at understanding the EA framework or model for chemical firms to trans-
form into lean enterprises, involving a major international chemical corporation. Potential
challenges were identified for this company to evolve and become an LE, followed by a
series of works conducted to develop architectures targeting the company’s business, infor-
mation systems, and technology aspects. Then, gap analysis was conducted to establish
migration plans.

5.1. Case Company

The case company is an international chemical corporation. With 23,000 employees
and an annual revenue of EUR 10 billion, the company manufactures a wide variety of
nutrition products and specialty materials for customers worldwide. Urged by industry
megatrends and emerging advanced digital technologies, the company has felt tremendous
pressure to undergo major business transformations so it can create economic, environmen-
tal, and societal value for stakeholders while also adequately addressing global issues.

Figure 1 is an organizational model developed with Visual Paradigm software to
display all organizations that could be involved in the LE transformation. Situated in
the center are three business groups (BGs) in the company: nutrition, materials, and
innovation center. The nutrition BG will produce nutritional products, specialty foods,
and hydrocolloids; the materials BG will manufacture engineering materials, resins and
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functional materials, protective materials, and additive manufacturing materials; and the
innovation center BG will develop biomedical, advanced solar, and bio-based products
and services. These BGs have short- and long-term responsibilities in primary business
functions such as innovation and R&D, direct sourcing, manufacturing and operations,
and marketing and sales.
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Figure 1. Organizations involved in LE transformation.

The BGs are supported by three functional excellence departments (top of the figure):
operations and responsible care, marketing and sales, and science and technology. They
assist the BGs to improve corporate performance and establish aspirational targets. The
BGs are also supported by a number of global support departments (bottom block in the
figure) that provide services in areas such as finance or legal (top row) or execute functions
such as corporate operations audit or corporate investor relations (bottom row) to support
the managing board/executive committee.

These organizations are given specific colors to indicate the type of impact they will
likely experience during the LE transformation: red represents the greatest impact, blue
means indirect impact (that is, these organizations may have to adjust the way they work
with organizations in red), green represents minor or no impact, and purple represents
impacts that already exist (that is, these organizations may already be affected by their own
business transformations).

5.2. Architecture Vision, Principles, and Business Transformation Readiness Assessment
5.2.1. Architecture Vision

As a high-level aspiration for running the business, the case company has a vision to
fully address the needs of people, planet, and profit [8], that is, the triple bottom line (TBL)
of sustainability, thereby making substantial contributions for all stakeholders, including
customers, shareholders, employees, and society. This architecture vision is firmly based
on the following company mission, business driver, key strategy, and business goals:

• Company mission: The company will strive to create sustainable value for all stake-
holders by engaging in profitable growth with a scientific approach while also playing
an accountable role in the global community.
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• Business driver: Sustainability will drive the business in future markets, enabling the
company to develop innovative products/solutions with high margins.

• Key strategy: The strategy is growth and value, which applies to three main business
domains: nutrition and health, climate and energy, and resources and circularity. Their
development will leverage the company’s unique technical capabilities, which will be
enhanced further with serious consideration of industry megatrends and the UNSDGs.
Moreover, the firm will maintain operational excellence and continue cost control to
accelerate profit generation.

• Business goals: The company will strive to achieve a high-single-digit annual increase
in adjusted earnings before interest, taxes, depreciation, and amortization (EBITDA),
an average 10% annual increase in adjusted net operating cash flow, a 30% absolute
reduction in GHG emissions by 2030, an average 1% annual improvement in energy
efficiency until 2030, and an increase in purchased renewable electricity to account for
75% of all power consumption by 2030. Moreover, the case company will also work
hard to raise the employee engagement favorability score to 75%, reduce the safety
frequency recordable index to below 0.25, and accelerate the delivery of sustainable
living solutions to more than 65% by 2021.

5.2.2. Architecture Principles

Architecture principles are a set of principles related to architectural work [62]. They
articulate fundamental philosophies or critical thinking for business development, dictating
how companies should operate to achieve their strategic objectives. In addition, these
principles also play a role in managing architecture processes; that is, they influence EA
development and implementation.

Generally, architecture principles are influenced by internal factors, including com-
pany mission, strategic initiatives, and current systems; they are also influenced by external
factors, such as emerging technology and industry trends. To ensure proper alignment
between company vision/key business strategies and target architectures, architecture
principles must be clearly articulated to provide precise guidance and full traceability to
EA architects.

The architecture principles are specified in the preliminary phase of the TOGAF ADM,
consisting of business, data, application, and technology principles for the case company,
as follows:

• Business principles: Focus business development on the three business domains;
create sustainable value in terms of the TBL for stakeholders; adopt purpose-led and
performance-driven growth strategies; and strive to align businesses with UNSDGs.

• Data principles: Integrate enterprise resource planning, customer relationship man-
agement, and net promoter score systems to transform customer experience; optimize
process data and improve reliability to transform operational performance; pursue
innovation in sustainability; and create digital value propositions to create new busi-
ness models.

• Application principles: Accomplish the company mission by researching/developing
innovative and sustainable solutions in main business domains; adopt digitaliza-
tion to optimize business processes and drive profitable growth; and strengthen BG
leadership and company culture to enable continuous improvement.

• Technology principles: Use scientific approaches to extend business reach to as many
as 2.5 billion people worldwide.

5.2.3. Readiness Assessment for Business Transformation

It is critical to assess firm readiness in order to identify current and potential issues
so they can be properly resolved. When doing an LE transformation, the main objective
of this assessment is to evaluate the firm’s conformity to EA development and identify
all potential issues, and tools such as the Canadian Government Business Transformation
Enablement Program (BTEP) can be used for this work [63]. The BTEP can assist companies
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in evaluating their readiness to accept changes during phase A (architecture vision) of
the TOGAF ADM [31] and implement these changes during phase F (migration planning)
and phase G (implementation governance). As indicated in the following assessment of
the case company, “high” means no readiness issues, “good” means there are relatively
minor issues, “acceptable” indicates there are some readiness issues, “fair” indicates some
work is needed, and “low” means substantial work is needed before proceeding further in
EA development.

The readiness assessment of the case company proceeded as follows. For company
“vision,” which is concerned with the ability to clearly define and communicate what is to
be achieved, the rating was high because the company’s impact scope and vision of the
target architecture were already clearly defined. “Desire, willingness, and resolution” was
assessed as good, because an active dialogue was conducted within the firm to discuss
potential impacts associated with the LE transformation and possible resolutions. “Need,”
which measures whether the firm has a compelling need to execute the endeavor, was
also assessed as good because the consequences of failure or success of the endeavor
were clearly communicated within the company. With regard to “funding, sponsorship,
and leadership, and governance,” the case firm is a company limited by shares listed
on Euronext Amsterdam and managed by a managing board together with an executive
committee and an independent supervisory board. Executives are willing to support
corporate governance and risk management-related works. Therefore, this item was
assessed as good. There is also “accountability” to measure the assignment of specific and
appropriate responsibility. The company had assigned its chief digital officer to be totally
responsible for the outcome of EA development projects and their execution. This officer
has sufficient expertise and experience to lead digital-related projects, so this factor was
rated as acceptable. Finally, for “enterprise capacity to execute” and “enterprise ability to
implement and operate,” the case company has non-IT resources to do the required work
and mitigate the impacts of project implementation, so both were rated as acceptable.

Although the case company received an overall satisfactory result in the above as-
sessment, it has to pay attention to the following three categories due to their unsatisfac-
tory rating:

• The readiness for “workable approach and model execution” was rated as low because
there is virtually no industry case or academic research on business transformations
in which lean manufacturing, digitalization, and sustainability are all involved. Es-
pecially, the lack of best practices in chemical-related industries increases project
risks noticeably.

• “Business cases” was assessed as just fair because digitalization is such a new subject
for chemical firms that so far, only a few success stories are known to the public.
Consequently, the case company is still in the process of collecting related information.

• “IT capacity to execute” was also assessed as fair, as the company is not quite ready to
integrate information technology (IT) (e.g., software, computers, and other hardware
to perform business operations) with operational technology (OT) (e.g., front-end,
field-based devices traditionally associated with manufacturing and industrial envi-
ronments). That is, there are gaps between IT and OT that hinder the establishment of
a common platform that would enable more direct control and complete monitoring
of the complex processes.

5.3. Target Enterprise Architecture

The target EA provides the future state of EA developed for the case company; the
target EA provides the case company with a business-driven plan that describes the desired
end state of its business, application, data, and technology architecture. The purpose of the
target EA is to effectively plan a course for achieving the strategic vision/goals and provide
stakeholders with a view into the complex relationships among these different perspectives.
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5.3.1. Target Business Architecture

The target business architecture defines the business strategy, governance, organiza-
tion, and key business processes. Figure 2 shows the target business architecture for the
case company, driven by science-based core competencies, global megatrends, and the
UNSDGs to achieve business goals. It depicts how the firm will be operating in the near
future. The company has a mission to create sustainable value for all stakeholders, focusing
on nutrition and health, climate and energy, and resources and circularity as their main
business domains. Therefore, it needs to maintain a proper balance between the need to
achieve profitable growth and the need to play a decisive role in the world. There must be
substantial efforts to enable and accelerate this business transition. The bottom block of the
figure shows that the company will continue its lean practices and maintain cost discipline
to reinforce leadership in continuous improvement, optimize business support functions,
and develop a global mindset as part of the company culture. It will also adopt the latest
digital technologies to enhance customer experience, improve operational performance,
and develop new business models to drive growth. More importantly, the company will
pursue leadership in sustainability. These strategies should allow the company to achieve
more engagement for people, more growth for profit, and more sustainability for the planet,
thus fulfilling its commitment to fully address the TBL.
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5.3.2. Target Information Systems (Application and Data) Architecture

The target information systems architecture contains application and data architecture.
Figure 3 shows the target application architecture, which in essence is an LE governance
framework with three components: lean manufacturing, digitalization, and sustainability,
providing an overview of the case company’s application landscape.
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In the lean manufacturing component, there is a net promoter score (NPS) system
to enhance customer feedback programs, a customer relationship management (CRM)
system to handle customer data and complaints, and an enterprise resource planning
(ERP) system to integrate business processes such as materials management, production,
sales, and distribution in real time. In this component, the manufacturing execution
system (MES) will manage work-in-progress and process flows; and there is a supervisory
control and data acquisition (SCADA) system to control plant processes by monitoring
the overall equipment effectiveness (OEE) and executing total preventive maintenance
(TPM) to improve production and quality systems. This SCADA system will connect
OEE and TPM with the operational performance system in the digitalization component,
which will function as an interface between this component and the TBL and UNSDG
systems in the sustainability component. In addition to MES and SCADA, the continuous
improvement (CI) system is a digital platform to integrate various improvement efforts,
including teamwork, 5S, quality, reduction in setup time, and visual management, to
become a cohesive system. Therefore, CI can align daily practices with company strategies
to ensure sustainable results. Finally, the AI and digital value proposition system will
optimize processes and customize products, executing a high-mix, low-volume form of
manufacturing as required by the new business model.

The digitalization component includes a customer experience system, an operational
performance system, and a new business model system. For the case company, digitaliza-
tion is not just about adopting IT and new technology; this component must also have good
alignment with the lean manufacturing component. For example, customer experience
must be properly aligned with NPS, CRM, and ERP, and operational performance must be
properly aligned with CI, MES, and SCADA. All systems in this component are also driven
by leadership in the sustainability component, such as TBL and the UNSDGs.

The sustainability component uses a TBL system to monitor GHG emissions, water
consumption, waste generation, and energy efficiency; during the monitoring process,
improvement targets are set and readjusted when necessary. This component will also
provide opportunities for digital businesses and develop new technology in order for each
business domain to support specific UNSDGs. To be precise, nutrition and health will
support UNSDGs 2 (zero hunger) and 3 (good health and well-being), climate and energy
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will support UNSDGs 7 (affordable and clean energy) and 13 (climate action), and resources
and circularity will support UNSDG 12 (responsible consumption and production).

The target data architecture describes the main data objects that the LE governance
framework will handle to realize the kind of business depicted in the target business
architecture (Figure 2). As seen in Figure 4, the LE governance framework uses specific data
objects to execute the desired business functions, such as manufacturing departments of
BGs using manufacturing, marketing, and sales data to manage daily operations; functional
excellence departments using site performance data (including CI, OEE, and TBL) to
realize functional excellence in lean manufacturing and sustainability; and global support
departments using corporate functions data (e.g., corporate strategy and operational
audit) and support function data (e.g., people and organization, finance, and legal) to
strengthen the BGs’ corporate governance and risk management. In order to sustain
operational excellence, functional excellence and global support departments will conduct
independent audits every two years to certify the BGs’ compliance with the architecture
vision and principles. They will also prepare progress data on risk management and
sustainability to allow the BGs to maintain vital communication with stakeholders during
the LE transformation. Support function data will be integrated across the enterprise
to enhance business function efficiency and capture scale benefits. BG operations data
will consolidate R&D, operations, marketing and sales, and other value chain activities to
achieve continuous improvement across all BGs.
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5.3.3. Target Technology Architecture

The target technology architecture captures technologies essential for the successful
execution of LE transformation, containing system software, database, middleware, net-
works, and other key software or hardware elements to provide the necessary support to
the LE governance framework (Figure 3). This target architecture also contains emerging
technologies, especially AI and IoT, that the company will likely adopt to capture new op-
portunities from the LE transformation. Figure 5 shows the target technology architecture
for the case company, comprising a wide area network (WAN) (center) integrated with
three local area networks (LANs): lean manufacturing, sustainability, and digitalization.
Using science-based technologies to closely follow global megatrends and the UNSDGs,
this architecture will allow the case company to extend its business reach to 2.5 billion
people worldwide and create sustainable value with regard to the TBL.
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The lean manufacturing LAN contains an SAP and a plant information (PI) server.
The SAP server will host NPS, CRM, and ERP systems to support daily routines such
as production planning, material management, sales/distribution, and monitoring of
customer feedback. The PI server will host systems including SCADA, MES, and CI to
perform tasks such as real-time monitoring of OEE and abnormal variation feedback on
TPM to facilitate continuous improvement across all BGs. The PI server will also play a
significant role in company-wide efforts to reduce production waste, lower GHG emissions,
and increase energy efficiency, making direct contributions to sustainable development
and the UNSDGs.

The digitalization LAN contains servers to host customer experience, operational
performance, and new business model systems. These systems are equipped with a
variety of new digital technologies, including IoT devices for automatic data collection,
big data platforms and cloud computing for smart data analysis, and AI platforms for the
efficient conversion of massive data to create valuable information. Consequently, this
digitalization LAN should noticeably increase the efficiency of manufacturing processes
and resource utilization, thus allowing the company to better respond to urgent pull-in
requests by customers.

The sustainability LAN contains servers to host systems related to the TBL and
UNSDGs. The TBL system will run a variety of tasks that fall into the dimension of profit,
planet, or people. Tasks in the profit dimension are related to anti-bribery, anti-corruption,
and awareness of cyberfraud; tasks in the planet dimension are Responsible Care initiatives
aimed at GHG emissions, energy efficiency, and renewable energy; and tasks in the people
dimension are related to implementing life-saving rules, preventing unlawful harassment,
and conforming with data privacy. The UNSDG system will be used to process data for
UNSDG-related tasks, including collaborating with the UN to develop new food solutions
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(UNSDG 2, zero hunger), produce biomedical devices to improve the quality of life for
surgical patients (UNSDG 3, good health and well-being), develop advanced solar and
biofuel technologies for better renewable efficiency (UNSDG 7, affordable and clean energy),
produce key materials to enable a circular economy or lower VOC emissions (UNSDG 12,
responsible consumption and production), and develop animal feed solutions to improve
resource efficiency and reduce GHG emissions (UNSDG 13, climate action).

5.4. Gap Analysis

Table 2 lists all the major gaps between the existing (baseline) and target architectures.
They represent problems or potential issues in the business where improvements are
required so the company can finish the LE transformation successfully. These gaps also
provide crucial information for determining migration plans (Section 5.5).

Table 2. Gap analysis of case company.

Gaps Related Architecture Priority

1. Insufficient understanding of cybersecurity issues Data, technology Medium

2. Slow action to reduce environmental impact Business, application High

3. Slow response to climate issues Business, technology High

4. Insufficient digital talent Business, technology Medium

5. Insufficient customer-centricity and cost-consciousness
(for organizations to pursue growth targets) Business Medium

6. Virtually no business transformation cases in chemical
industry involving lean manufacturing, digitalization, and
sustainability together

Technology High

7. Insufficient understanding of TBL dynamics Data, application High

For the three BGs, the analysis indicates that one of the major challenges will probably
come from climate-related issues, especially capturing the carbon footprint across the
vast value chain in order to accurately measure overall GHG emissions. An even bigger
challenge is digitalization. Although the company realizes this is a megatrend for the
chemical industry, it does not have sufficient talent to perform all of the required tasks. In
addition, the top management does not seem to truly understand the kind of impact that
digital technologies could potentially have, thus adequate leadership must be provided to
create a sense of urgency around those necessary changes. Moreover, there are also issues
with the information systems, including cybersecurity and how these systems should
function to support the implementation of customer-centric business models. Finally,
there are virtually no cases reported in the chemical industry where lean manufacturing,
digitalization, and sustainability are all involved in transforming a business. The dynamics
of how one philosophy can affect another is unclear, and this lack of understanding means
that the case company could be exploring untested waters with no previous success stories
to follow.

The case company will require various skill sets to achieve the desired LE transforma-
tion. That is, it will continue to rely on current skill sets to maintain operational excellence
for lean manufacturing but will definitely require new skill sets to handle digitalization
and sustainability-related tasks. In general, lean manufacturing uses traditional methods
such as continuous improvement and Six Sigma to maintain operational excellence. Dig-
italization, however, requires the capability to offer digital solutions or services so the
business can keep up with changing customer preferences, and sustainability requires the
capability to create innovative but sustainable solutions in time. This suggests that different
leadership, company culture, and operation practices will be required for the new business
domains. How to introduce them into the current environment will surely be a challenge
for top management.



Sustainability 2021, 13, 4851 17 of 26

5.5. Migration Plans

Following the above gap analysis, a number of appropriate migration plans can be
determined to ensure the full realization of target architectures (Table 3). With consideration
of readiness assessment, these plans provide another opportunity for key stakeholders to
better understand new business values.

Table 3. Migration plans for case company.

Gaps Migration Actions Priority

1. Insufficient understanding of cybersecurity issues
Conduct risk assessment for IT, OT, and R&D systems;
initiate awareness campaigns; implement
cybersecurity programs

Medium

2. Slow action to reduce environmental impact
Advocate transition from linear to circular and bio-based
economy; execute responsible care plans to reduce waste
and GHG emissions

High

3. Slow response to climate issues
Review and revise sustainability targets with proper
frequencies, especially those related to GHG emissions,
energy efficiency, and renewable energy usage

High

4. Insufficient digital talent Appoint chief digital officer to oversee strategies and
talent policies for digital transformation Medium

5. Insufficient customer-centricity and
cost-consciousness (for organizations to pursue
growth targets)

Execute customer-centric programs and upgrade sales
forces to help organization become more agile; initiate
value-creating acquisitions to evolve cost competence

Medium

6. Virtually no business transformation cases in
chemical industry involving lean manufacturing,
digitalization, and sustainability together

Assign operations and responsible care department to be
in charge of surveying industries to locate success stories
or useful information on digitalization or sustainability

High

7. Insufficient understanding of TBL dynamics

Align business goals with UNSDG 2 (zero hunger), 3
(good health and well-being), 7 (affordable and clean
energy), 12 (responsible production and consumption),
and 13 (climate action) and set individual targets to
be accomplished

High

The case company can choose four types of work packages for its migration plans.
These are business or technology-related works or projects aimed at filling the gaps in
the realization of target architectures. For gaps 2 and 3, the company can use “scope”
work packages to establish directions for growth and adjust product portfolios. To follow
the transition from a linear to a circular and bio-based economy, the case company can
increase its usage of bio-based ingredients, adopt waterborne coatings (to replace tradi-
tionally used solvent-based coatings), and use 3D printing in prototyping (to reduce waste
production) in its resources and circularity business domain. Measures in the climate and
energy business domain to reduce carbon footprints will allow the company to acceler-
ate climate actions and become a low-carbon enterprise in time. Next, for gap 5, it can
execute “organic growth” work packages to enhance customer-centricity. Most certainly,
these work packages would be performed on the NPS, a system that runs on the SAP
server to measure customer satisfaction/loyalty and communicate with functional areas in
the case company such as finance, innovation, and procurement. In addition, measures
to increase digital competencies among commercial employees can further enhance the
customer experience. Last but not least, by leveraging unique company technologies
with solution-oriented strategies, the case company can offer innovative and sustainable
products/services. All of these are significant approaches for the case company to achieve
the desired customer-centricity targets. In addition to organic growth, the company can
also adopt “inorganic growth” work packages to fix gap 5. These work packages contain
strategies and procedures for value-creating mergers and acquisitions, which has been the
company’s main approach to maintain leadership in the nutrition and health markets.
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Finally, to remove the remaining four gaps (gaps 1, 4, 6, and 7), the company can adopt
“enabling programs” work packages to perform a series of works on lean manufacturing,
digitalization, and sustainability. The aim of lean-related works is to achieve integrated and
continuous improvement across all BGs. Digitalization-related works may include adopting
omni-channel apps to enhance customer experience, using digital IT/OT collaboration
tools to improve operational performance, and developing new business models (based on
digital value propositions) to offer personalized nutrition and animal feed. Sustainability-
related works may include using recycled materials to produce engineering plastics, using
solid waste materials (e.g., solid recovered fuels) to produce energy, capturing wastewater
methane gas to lower GHG emissions (while also producing renewable electricity), and
so on. To measure the full economic, environmental, and societal impacts of various
product lines, the case company has made life cycle analysis an integral part of its business
processes, which will certainly help it to align its business goals with the UNSDGs. In
terms of responsibility, it would be appropriate to let the operations and responsible care
department administer the lean manufacturing and sustainability projects and appoint a
chief digital officer to oversee digitalization projects.

6. Research Contributions
6.1. Lean Enterprise Architecture Framework for the Chemical Industry

By using TOGAF to complete the case study, as described in the previous section,
we obtained a lean enterprise architecture framework (LEAF) to seamlessly integrate
lean manufacturing, digitalization, and sustainability for firms in the chemical industry
(Figure 6). LEAF is a holistic architecture framework depicting the essence of a successful
business in the new era of circular economy. Using this framework, firms can build a culture
of continuous improvement with lean manufacturing, enhance process improvement with
digital technologies, and pursue UNSDGs for sustainable development. The TOGAF ADM
allows this framework to be created in a smooth manner. As a start, the architecture
vision is firmly based on the company mission as well as business strategies and goals,
depicting a grand future in which the company will strive to pursue sustainable values
covering the TBL. Next, the architecture principles are outlined to guide the creation of
various target architectures, including the business architecture, which focuses on growth in
nutrition and health, climate and energy, and resources and circularity; the IT architecture,
which is an LE governance framework with main data objects to realize the business
architecture; and the technology architecture, which comprises an LE WAN integrated
with various types of LANs. The resulting LEAF can be a brief roadmap and corporate
governance architecture, which means delivering value such as effective communication
and an analytical framework for firms to complete the necessary transformations for
the future.

The LEAF is an economic model in which companies must envision a sustainable type
of future and extend their business goals from simply chasing the highest profits to also
caring about the well-being of fellow citizens, society, and the environment. That means
they have to renovate product/service portfolios and adjust organizational structures
accordingly. In this regard, the LEAF is the first model of its kind to reveal a clear path
for the chemical industry. It covers visions for future business, corresponding growth
strategies, and how companies may want to change or improve their organizational and
other business infrastructures. Especially, the LEAF develops the LE governance frame-
work for IT architecture and digitalization LAN. Thus, it leverages digitalization in three
key areas to link lean manufacturing and sustainability: operational performance (lean
manufacturing: people), customer experience (digitalization: process), and new business
models (sustainability: purpose). Furthermore, the LEAF supports the chemical industry in
aligning sustainability drivers with LE WAN digital technologies. The lean manufacturing
LAN contains an SAP server with NPS, CRM, and ERP systems to support daily routines
and a PI server with SCADA and MES for manufacturing management. The LE WAN
also incorporates the sustainability LAN with TBL and UNSDG systems to achieve TBL
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business goals and UNSDG targets. Therefore, the LEAF is linked to the architecture
vision with a strategic roadmap and consensus building, following a value-driven purpose
of sustainability to develop the target EA for LEs in the chemical industry. This holis-
tic framework and development process helps to accelerate the transformation to reach
sustainability goals, strengthen operational performance, and leverage digitalization to
create value for customers and value-stream stakeholders. Thus, the LEAF can embed
sustainability even more deeply into business goals with measurable targets.
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In contrast to traditional EA development processes, which are often complex, time-
consuming, and inflexible, the LEAF is a visualized, customized, and capability-based
framework developed for emerging chemical markets. Using the LEAF as a systematic,
comprehensive framework, chemical firms can understand what to expect, how to manage
change, and how to engage the entire organization in the change process by aligning the
company’s purpose, process, and people. Another problem with traditional approaches
is that they are based on a linear, process-oriented type of thinking. That is, the desire to
improve the past (i.e., existing problems) dominates EA development, in a so-called as-is
change of mindset. Such approaches have a major drawback, in that the past inevitably sets
certain boundaries that constrain many possibilities. In contrast, the LEAF is developed
from a to-be type of mindset that believes future business visions direct EA development.
Integrated with current megatrends in the chemical industry, the LEAF can enable firms
to capture business opportunities in emerging markets, including renewable energy (due
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to global warming) and various product life cycle solutions (as demanded by the circular
economy). The early involvement of top management is also a major feature of the LEAF,
which is absolutely necessary because LE transformation is a strategic issue rather than an
IT or another lean project. Therefore, the full engagement of top management is a must to
ensure successful completion.

Applying the LEAF to other chemical companies developing target EAs could proceed
as follows. Starting in stage one, the company should identify the impacted organizational
scope and stakeholder concerns, and fully commit to defining the development principles
for business, IT, and technology architectures. The architecture vision will lead the company
to set up its mission for sustainability purposes, which is fully anchored in the business
driver for the TBL and business strategy on the focused business domains. Then, stage
two is to develop the right architectures to implement business goals. The business
architecture focuses on improving operational performance in the business domains, the IT
architecture focuses on enabling customer experience by the LE governance framework,
and the technology architecture focuses on advocating sustainable business models by LE
WAN. Next, stage three is to get the architectures ready; that is, to find opportunities and
solutions for gaps when developing the target EA, which is linked to work packages for
migration plans to fill the gaps in realizing the target architectures. Finally, stage four is to
get the architectures up and running. Applying architectural governance for successful
management consolidates the various implementation work packages, while managing
change to ensure the architectures are working to achieve the original company mission
and architecture principles.

In summary, because the public’s view of the chemical industry is that it consumes
many materials and energy resources, it has been accused of overexploiting natural re-
sources and causing air, water, and land pollution. The LEAF can assist the chemical
industry in achieving the UNSDGs to achieve a better and more sustainable future for
all. The LEAF proposes the target EA that aligns the TOGAF ADM phases with the LE
transformation by integrating lean manufacturing, digitalization, and sustainability. The
lean manufacturing principles for continuous improvement and people-oriented culture
will guide the architecture principles to develop the target architectures of business, IT,
and technology. The gap between as-is and to-be architecture will impact the organiza-
tion and value stream. Thus, the firm has to implement migration plans during the LE
transformation, which should consider the business drivers and aim to achieve the TBL as
follows: (1) more sustainability, by reducing risk exposure and costs by working with value
chains to reduce emissions and deal responsibly with energy and other resources; (2) more
growth, by identifying consumer needs and responding with differentiated, science-based
innovations to make a collaborative contribution to the UNSDGs with customers; and
(3) more engagement, by building employee motivation, connecting with ESG committed
investors, and advocating for the future of the industry and society.

6.2. Lean Enterprise Model for the Chemical Industry

Based on the comprehensive case study examination, Figure 7 depicts another major
contribution of this research: a lean enterprise (LE) business model containing critical
elements and their dynamics, which could function as a transformation blueprint for
ordinary chemical firms. This model contains three major elements: lean manufacturing,
digitalization, and sustainability. Lean manufacturing strives to maximize customer value
and minimize resource waste to maintain operational excellence. Successful digitalization
improves firm performance and customer experience while enabling sustainable business
models by capturing complete data and information along the value chain. The world’s
leading companies are doing well by doing good to integrate sustainability into their
business strategy and daily practices. Elkington [64] states that companies should adopt
the TBL instead of focusing purely on their financial profit targets. Then they can also
transform their businesses to be good for the planet and people. Furthermore, the LE
model is a business framework in which LE exists at an intersection with TBL to combine
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social, environmental, and economic aspects. The most challenging part for any company
is to realize the interaction and dynamic influence between the three dimensions of lean
manufacturing, digitalization, and sustainability. The chemical industry’s real application
practices are defined and evaluated as follows to emphasize the importance of taking into
account the mutual relationships of the three intersection areas.
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6.2.1. Lean Manufacturing and Digitalization for People (Social Aspect): More
Engagement by Employees and Societies

Lean manufacturing is people-oriented in terms of respecting, engaging, and develop-
ing employees, driven by a customer focus and oriented toward continuous improvement.
The essential elements of lean manufacturing start from defining the purpose of values to
create and the problems to solve. Then, process improvement is initiated by value stream
management. Finally, people are engaged to enable the process and purpose. The idea
of people as the key element of lean manufacturing includes their capability, leadership
behavior, lean thinking, and culture. Digitalization in the chemical industry mainly hap-
pens in three dimensions: data management, asset optimization, and, most importantly,
dramatic changes to people’s tasks in the plant. Digitalization will transform the customer
experience, operational performance, and business models; these actions are all related
to people. Therefore, people (social) represent the intersection of lean manufacturing and
digitalization. Putting people first, the convergence of lean manufacturing and digitaliza-
tion technology will achieve the purposes of making improvements for people: having
easier, better, and faster processes. Thus, lean manufacturing and digitalization only work
when they pair technology with the right people skills and drive change from people’s
thinking and mindset and the organizational culture. Satisfied employees will provide
better customer service and contribute more to society for UNSDGs 2 (zero hunger) and 3
(good health and well-being).
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6.2.2. Digitalization and Sustainability for the Planet (Environmental Aspect): Achieving
More Sustainability by Lowering Costs and Risks

The essence of sustainability is to engage in the kind of development that meets the
needs of the present without compromising the ability of future generations to meet their
own needs [41]. As a result, sustainability and the circular economy have become important
areas in which to initiate digitalization campaigns (e.g., adopt new digital operation models
for sustainability, simulate the performance of clean technologies, and predict the carbon
footprints of new products) [13]. Chemical firms must align digitalization strategies with
environmentally related UNSDGs, such as 7 (affordable and clean energy), 12 (responsible
consumption and production), and 13 (climate action). Advanced digital technologies,
including AI, IoT, and big data analysis, are useful tools for reducing waste, increasing
energy efficiency, lowering GHG emissions, and mitigating product carbon footprints. With
simulations to determine risk-free outcomes and estimate minimum resource requirements,
digital-twin is another promising solution for reducing environmental impacts. This could
enable a more sustainable way to utilize resources, thus creating a lower cost/risk situation
for chemical firms. Therefore, the planet (environment) will benefit from the use of digital
technologies for sustainable development.

6.2.3. Lean Manufacturing and Sustainability for Profit (Economic Aspect): More Growth
with Sustainable Solutions

Lean manufacturing strives to develop performance-driven organizations to enable
continuous improvement. Under this philosophy, minimizing waste is the main approach
to maintaining cost discipline. Another challenge is to develop customer-centric organiza-
tions aligned with market/customer segments to create value for customers. At present,
chemical companies are feeling tremendous pressure from their customers and communi-
ties to improve their ESG practices. As a proper response, they also need strategies to meet
corporate social responsibilities. Many firms have accepted that sustainability is a critical
business driver for the future; in the case company, two of its three business domains
(climate and energy, and resources and circularity) are related to sustainability to a certain
degree. Notably, following the spirit of lean manufacturing can enhance business growth
with sustainability, such as continuously improved savings in energy, water, and other
resources. The same spirit can also contribute to the development of more sustainable
product portfolios or business models. This implies that lean manufacturing can enhance
the effect of sustainability and make more profit (economic outcome) for the firm.

6.2.4. Lean Manufacturing–Digitalization–Sustainability: LE to Balance TBL

As elaborated above, an LE utilizes lean manufacturing to achieve operational excel-
lence, digitalization to enhance customer experience, and sustainability to cultivate new
business models. The LE model (Figure 7) implies a business vision of doing well by doing
good for sustainability and doing more with less for lean manufacturing. Advanced digital
technologies can augment firm performance in creating sustainable value and reducing
production waste. The proper alignment of economic, environmental, and social goals
allows LEs to enhance the performance of the entire value stream and address stakeholder
concerns. The aim is to fully integrate, coordinate, and optimize the whole system by
avoiding local improvements within individual business segments that might negatively
influence neighboring business areas. The chemical industry can adopt the model to trans-
form into an LE to create value in the three dimensions of people, planet, and profit for
all stakeholders.

7. Conclusions

The chemical industry manufactures an astonishing variety of products, but also con-
sumes massive amounts of materials and energy. Firms in this industry are currently under
tremendous pressure to transform their organizations toward becoming lean enterprises,
with the capability of following the traditional lean manufacturing philosophy with new
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competing digitalization challenges and sustainability strategies. Thus, chemical firms
can address economic, social, and environmental performance to remain competitive and
create value for all stakeholders. Using TOGAF, we performed an in-depth study on a real
business transformation occurring at a major international chemical corporation, extracting
the architecture framework possibly adopted by this firm to become a lean enterprise and
aiming to understand the enterprise architecture framework or model for chemical firms
to transform into LEs. The case company’s target business architecture follows a growth
and value strategy to balance the need to achieve profitable growth with the need to play a
decisive role in the world. The target architecture includes three primary data objectives:
global support, BG operational, and functional excellence data. The target application
architecture applies the LE governance framework of lean manufacturing, digitalization,
and sustainability to create an overview of the organization’s application landscape. Finally,
the target technology architecture comprises an LE WAN integrated with three LANs of
lean manufacturing, sustainability, and digitalization to extend business reach to 2.5 billion
people worldwide in three business domains: nutrition and health, focusing on UNSDGs 2
(zero hunger) and 3 (good health and well-being); climate and energy, focusing on UNS-
DGs 7 (affordable and clean energy) and 13 (climate action); and resources and circularity,
focusing on UNSDG 12 (responsible consumption and production).

This study proposes the LEAF as a concrete solution for developing LE architecture
and providing a brief roadmap for the chemical industry, which means delivering value
such as effective communication and an analytical framework for firms to use to create a
vision for the future business and corresponding growth strategies, and how to change
or improve their organizational and other business infrastructures. Especially, the LEAF
develops the LE governance framework for IT architecture and digitalization LAN. Thus, it
leverages digitalization in three key areas to link lean manufacturing and sustainability: op-
erational performance (lean manufacturing—people), customer experience (digitalization—
process), and new business models (sustainability—purpose). Furthermore, the LEAF
supports the chemical industry in aligning sustainability business drivers with LE WAN
digital technology. This holistic framework and development process helps accelerate the
transformation to reach sustainable industry goals, strengthen operational performance,
and leverage digitalization to create value for customers and value-stream stakeholders.
The LEAF can embed sustainability even more deeply into business goals with measurable
targets. This study also contributes to developing an LE dynamics model with digitalization
and sustainability for the future chemical industry. This LE model explores the three in-
tersection areas: (1) lean manufacturing–digitalization: more engagement by employees,
shareholders, and society for people (social aspect); (2) digitalization–sustainability: more
sustainability by lowering costs and risks to the planet (environmental aspect): and (3) lean
manufacturing–sustainability: more growth by innovative sustainable solutions for profit
(economic aspect). The LE represents the three intersection areas of the TBL to balance
social and environmental responsibility and economic value.

The LEAF can be implemented as a practical EA visualization tool for LE transforma-
tion. Moreover, it provides a stakeholder-centric view of the enterprise that integrates the
organization’s capabilities around lean manufacturing, digitalization, and sustainability, as
compared to function- or process-based approaches. However, this study’s limitation is that
it has not been sufficiently tested by other firms, because our proposed LEAF and LE model
come from a specific industry case, so their application to other firms would require certain
customization or adaptation, because the LEAF cannot provide a transformation scope,
company mission, and business goals; these have to be determined by the organization
itself. Therefore, in future research, the authors intend to conduct a comprehensive analysis
of the LE transformation by applying the LEAF to different chemical firms, and to use
different EA methodologies like the Zachman framework to study the interactions between
lean, digitalization, and sustainability for different industries. The purpose is to initiate a
workable EA to reduce the complexity and risk during LE transformation.
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