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Sustainability has been integrated into industrial companies’ strategy, challenging the
production level to develop its operations in accordance with the sustainability targets.
However, many companies are still in the early stages of strategy implementation and
operational development. The aim of this thesis was to identify business opportunities that
support industrial companies in achieving their sustainability targets through technology.
The thesis studied the role of technology in promoting sustainability, the impact of industrial
sustainability targets on investments and the integration of sustainability into projects. The
research was conducted as a literature review and case study, focusing on technology
projects implemented by Siemens Osakeyhtio studied through semi-structured interviews.

The research results indicated that sustainability is part of the industrial companies' strategy,
but it does not yet guide the implementation of projects. The technology projects under the
study made the operations of the production plant more efficient, so the energy consumption
per production decreased and the companies' environmental impact indirectly decreased. In
order to promote sustainability, technology projects should meet company-specific targets,
reduce plant-specific environmental impacts, use data to identify development points, and
monitor the impact of the project using the sustainability indicators of the company.
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Kestdva kehitys on tullut osaksi teollisuusyritysten strategiaa haastaen tuotantotason
kehittdmaan toimintaansa kestavéan kehityksen tavoitteiden mukaisesti. Useissa yrityksissa
strategian jalkauttaminen ja toiminnan kehittdminen ovat kuitenkin vield alkutekijoissaan.
Taman diplomityén tavoitteena oli tunnistaa liiketoimintamahdollisuuksia, jotka
edesauttavat teollisuusyrityksia saavuttamaan kestavan kehityksen tavoitteensa teknologian
avulla. TyoOssé tutkittiin teknologian roolia kestdvan kehityksen edistdjand, kestavén
kehityksen tavoitteiden vaikutusta investointeihin ja kestavan kehityksen siséallyttamistéa
hankkeisiin. Ty6 toteutettiin kirjallisuuskatsauksena ja tapaustutkimuksena keskittyen
Siemens Osakeyhtion toteuttamiin hankkeisiin, joita tutkittiin teemahaastattelujen kautta.

Tutkimustulokset osoittivat, ettd kestava kehitys on osana yritysten strategiaa, mutta se ei
vield ohjaa hankkeiden toteutumista. Tutkitut teknologiahankkeet tehostivat
tuotantolaitosten toimintaa, jolloin energiankulutus tuotantoa kohden pieneni ja yritysten
ympaéristovaikutukset — vahenivat epdsuorasti. Kestavan kehityksen edistdmiseksi
teknologiahankkeiden tulisi vastata yrityskohtaisiin tavoitteisiin, pienent&a laitoskohtaisia
ympéristovaikutuksia, hyodyntad dataa kehityskohteiden tunnistamiseksi ja seurata
hankkeen vaikutusta yrityksen kestavan kehityksen mittareiden avulla.
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1. Introduction

In recent years the corporate sustainability has entered the core of decision-making of
Finnish companies, and the benefits of the change are beginning to be visible in the results
as well, according to FIBS Corporate Responsibility study (2023). The corporate
responsibility work has become a strategic, goal-oriented and organized part of the business
operations. This enables the start of sustainable transition, and according to the same study,
up to 35 percent of respondents say that they have already moved from minimizing the
negative disadvantages of business to renewing business as presented in Figure 1. In other
words, sustainable development has evolved from an additional function to a business
accelerator. However, many companies still cling to their unsustainable business activities
and focus on risk reduction in their sustainability work to ensure that business does not have

negative impacts on the environment and society. (FIBS 2023, 10, 18-19.)

we build the capacity of social and
environmental systems to innovate (in addition to
managing negative impacts)

Regenerative

we are correcting negative

‘ impacts caused in the past
we ensure that our activities do not have

negative environmental and social impacts

mitigating the negative
/ environmental or social impacts we cause

Degenerative

Figure 1. The companies’ approach to caused environmental impacts (FIBS 2023, 19).

This change is also visible at the industrial level where most companies aim for a socio-
economically and environmentally sustainable industry as an answer to globally known
megatrends such as climate change, biodiversity loss and depletion of natural resources
(Salminen et al. 2022, 5). Industrial operations are responsible for the large-scale use and
processing of energy and material. In parallel, industries are connected to other socio-

technical systems, whereby the industrial sustainability transition permeates the entire



society. Thus, industrial sector has an important role in the sustainability transition.
(Jarvensivu 2030, 10-11.) The transition to a regenerative system requires changes in
industrial operations, which creates new business opportunities, and according to the FIBS
study (2023), 63 percent of companies invest, and 59 percent of companies innovate with
sustainability as the main driver. However, the strategical integration of responsibility is not
fully implemented at the operational level and sustainability strategy and targets do not
always lead to concrete actions (FIBS 2023, 11). Thus, it seems that sustainable development
guides decision-making, but its influence is not clearly transmitted to the operational level.
This presents a challenge at the project level to consider how to include sustainable
development in accordance with the strategy as part of the project and thereby identify

sustainability business opportunities.

1.1. Background and justifications

Human activities have caused imbalance in the Earth's natural regulatory systems, while
Europe has exceeded the safe operating space, known as planetary boundaries due to the
over-consumption of resources, use of fossil fuels and ecosystem degradation (European
Environment Agency 2020, 8). The industrial sector has high environmental impact as a
result of polluting, energy-intensive processes and high consumption of primary materials.
The industrial greenhouse gas (GHG) emissions in European Union (EU) comprise 20
percent of the total emissions and 88 percent of the materials used in the industrial processes
are primary materials (European Commission 2019). Also, 26 percent of final energy
consumption are consumed by the industrial sector (Eurostat 2022a). Therefore, the change
towards sustainable development plays a significant role in industry, both in terms of

sustainable production and sustainable products.

In Finland, the government has set an ambitious climate target to reach carbon neutral 2035
at the local level, and consequently the industrial associations have complied their own
climate roadmaps towards this target through carbon neutral production. The roadmaps
demonstrate that the industrial carbon neutrality can be achieved with existing or prospective

technologies related to low-emission energy production, material and energy efficiency,
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alternative power sources (e.g., biofuels, hydrogen, electrification), the utilization of waste
heat as well as carbon capture and utilization or storage (CCU, CCS). (Paloneva & Takamaki
2020, 12, 14-15.) Apart from decarbonization, the changes mentioned before also support
controlling the overconsumption of raw materials and thus the circular economy transition
(Ruokamo et al. 2021, 4).

As an answer to industrial sustainability challenges, many organizations have proposed the
modernization, electrification and digitalization of the industrial processes. According to 9™
Sustainable Development Goal (SDG) sustainable industry is achieved by modernizing
industrial processes and technologies to enhance resource efficiency and reduce
environmental impact (United Nations 2022, 44-45). Also, European Commission, as a part
of the European Green Deal, has launched Industrial Strategy (2020) which emphasizes the
importance of sustainable change through green and digital transition. The strategy aims to
increase the competitiveness of European industries through low-emissions technologies,
sustainable products and services. In the Industrial Strategy, green and digital transition go
hand in hand while digitalization opens advantages to the green transition by monitoring,

optimization and forecasting. (European Commission 2020.)

The Finnish industrial climate roadmaps also identified the potential of digital solutions in
mitigating climate impacts. These solutions included the utilization of Internet of Things
(1oT) and artificial intelligence (Al), intelligent automation and control systems, robotics
and cloud services. (Paloneva & Takaméki 2020, 35.) Salminen et al. (2022) clarifies the
target of industrial systemic change as autonomy which enables the transition towards a more
sustainable industry. The systemic view on the autonomous manufacturing process is
illustrated at Figure 2, where data controls the entire product cycle and optimizes the life

cycle of production systems, products and services (Salminen et al. 2022, 8).
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Figure 2. Systemic view on autonomous manufacturing process (Salminen et al. 2022, 5).

Compared with the global ongoing industrial sustainable change strategies, transition
towards digitalization, electrification and automation is a recurring topic that is mentioned
to solve the sustainable development challenges in the industry. Hence, this thesis serves the

client’s, Siemens Osakeyhtid’s, interest to clarify those sustainability business opportunities.

1.2. Objective and scope of the thesis

The main objective of this thesis is to identify business opportunities that support industrial
companies in achieving their sustainable development targets through technology.
Identification of sustainability business opportunities is divided into strategical and
operational parts. In strategical sustainability part, the study examines which kind of

sustainability targets industrial companies have set and how sustainability targets affect
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investment decision-making. In parallel, operational sustainability part studies industrial
sustainability challenges and technology solutions that have contributed to achieving
sustainability targets. This thesis delves into the sustainability impact of client’s automation
technology solutions and qualitatively defines what is the impact, where the impact of
technology arises and how it contributes to achieving the set sustainability targets of
industrial companies. The research serves client’s interest in analysing the importance of
technology in industrial sustainable development whereby the research results support to
client’s sales representative to strengthen the sustainability offerings to customers. The

research questions of the thesis are:

1. Which environmental sustainability challenges can be affected by industrial

automation systems and what does this impact consist of?

2. What environmental sustainability targets are set and how decision-making on
investments according to these targets appears in the case companies?

3. How to consider sustainability more in projects implemented by the client?

The scope of the thesis is limited to the environmental sustainability challenges, Siemens
Osakeyhtid's industrial customers and the automation solutions of the Siemens Digital
Enterprise portfolio. The thesis studies only environmental sustainability excluding social
and economic dimension out of consideration due to the assumption that the highest impact
possibility of technology solutions is on the environmental sustainability. In order to achieve
the objective of the thesis and to answer the research questions above, this thesis examines
existing projects that the client has implemented for its customers using the products from
the Digital Enterprise portfolio. Selected customers in this thesis act as case companies
representing different industries from the process industry, which transforms raw materials
into materials or intermediate products, and manufacturing industry, which transforms

materials or substances into new products.
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1.3. Research design

The structure of the thesis is presented in Figure 3 combining the conceptual framework, and
the empirical research. Conceptual framework and empirical research are utilized to conduct
the objective of this study while answering the research questions. The conceptual
framework generates a theoretical background to the empirical part of the study. It is done
by literature review examining the relevant concepts of the thesis. By the first, the conceptual
framework reviews sustainable development in general, the concept of business
sustainability and corporate sustainability management, which includes strategic
sustainability and decision-making as well as project sustainability. As the basis of the
research, the conceptual framework also studies industrial sustainability, where change
drivers, sustainability measurements and future sights for industrial sustainable
transformation are examined. To conclude the literature review, the conceptual framework
includes an operational analysation presenting how introduced theory is utilized for research

findings together with the empirical research of the study.

Conceptual framework
Literature review
Empirical case studies

Interviews of case companies

Review of sustainability reports of case companies

Sustainable
development

Strategical sustainability Operational sustainability

Concept of business

Corporate sustainability
management

Industrial sustainability

I
I
I
I
I
|
I
I
| sustainability |
I
I
I
I
I
I
I
I

I
I
I
I
I
I
—’I
I
I
I
I
I
I

Sustainability
implementation

Industrial sustainability
challenges

Sustainability targets
and decision-making

Sustainability impact of
technology solution

Findings from the study results
Recommendations

Figure 3. Structure of the thesis.
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In the empirical research, this thesis utilizes multiple case studies within real-life context
using qualitative research methods. The thesis has done as a mandate of Siemens Osakeyhti6
focusing on its industrial customers in the empirical research. Research methodology
including the research context is explained after the theoretical framework, describing
qualitative analysis and how it is applied in this thesis. The empirical part of the work is
performed as a multimethod research including secondary data review and multiple case
study where the case companies represent the client’s industrial customers from different
industries. Secondary data is collected from the sustainability reports of the case companies
to identify the sustainability strategy and targets, while case research is accomplished by
semi-structured interviews. Case company interviews are carried out by interviewing one or
two people from different positions within the company in order to get a better overall

description of internal factors and the implementation of sustainability into the organization.

Finally, the thesis introduces findings from the study results in response to the research
questions and gives recommendations how to utilize the sustainability business
opportunities. Additionally, the reliability, validity and research uncertainties are evaluated

based on the theory as well as the future research possibilities are presented.
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2. Conceptual framework

This conceptual framework reviews how the characteristics under the study are explained in
the literature. This chapter introduces the fundamentals of sustainable development, the
concept of business sustainability and corporate sustainability management topics as well as
industrial sustainability including future technological and investment opportunities. The
corporate sustainable development depends on other variables presented in this chapter, the
cause-and-effect relationships between which are discussed in the chapter of operational

analysis of the framework.

2.1. Sustainable development

The concept of sustainable development has been defined in Brundtland’s report in 1987 as
follows: “Sustainable development is development that meets the needs of the present
without compromising the ability of future generations to meet their own needs”. In
Brundtland’s report, sustainable development was established as a crucial component of the
international improvement and as a strategical approach against ecological challenges
resulting from the overuse of resources and polluting processes. (Brundtland Commission
1987, 37.) According to this view, strategical sustainability is managed as a process in which
requirements and supply of resources are gradually combined (Williams & Millington 2004,
100).

Sustainable development is generally divided into three fundamental elements: economical,
environmental and social sustainability. Social sustainability means the continuous
satisfaction of the basic human needs of individuals, environmental sustainability focuses on
the sustainable use of natural resources and the functioning of ecosystems, while economic
sustainability is the achievement of economic growth without compromising environmental
or social capital. This tripartite description is often presented as three intersecting circles of
economy, environment and social sustainability, at the intersection of which is sustainable

development. Interconnection between economic growth, social inclusion and
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environmental protection is necessary to consider when to pursue overall wellbeing of
individuals and societies. In other words, operations in accordance with sustainable
development save natural resources and reduce environmental harm, in parallel improving
the quality of life and reducing inequality. Thus, activities in accordance with sustainable
development remain within the limits of the planet and the planetary boundaries. (Purvis et
al. 2019, 681-683, 687; Silva et al. 2022, 1497.)

In the context of sustainable development, decoupling is used as a concept to illustrate the
separation between economic growth and human wellbeing from environmental impacts and
resource use. The target is to equally expand economic activities while diminishing the use
of resource (resource decoupling) and environmental impacts (impact decoupling) as shown
in Figure 4. Resource decoupling increases resource efficiency while the same economic
output is produced using less resources, such as material, energy, water and land. On the
other hand, impact decoupling adds economic value while reducing environmental impacts
such as emissions, waste or pollution. The importance of impact decoupling is emphasized
when the potential of technical solutions to prevent harm to people and ecosystems increases
considerably. (UNEP 2011, 4-6.)

Human well-being

Economic activity (GDP)

I

] Resource decoupling

Resource use

—— Impact decoupling ‘

Time

Environmental impact

Figure 4. The concept of decoupling divided to impact and resource decoupling (UNEP 2011, 5).
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The application of decoupling to sustainable development corresponds to the definition of
sustainable development presented in Brundtland’s report providing the answer through
system level change (Schonherr & Martinuzzi 2019). In 2015 United Nations (UN) launched
a global sustainable development action program, Agenda 2030, as an answer to global
sustainability challenges (Walker et al. 2015, 335). Agenda 2030 introduces the action plan
that aims to protect the planet and its people, ensuring that everyone can enjoy health, justice,
well-being and equality. The program encourages all countries and all stakeholders to take
apart from sustainable transformation through 17 Sustainable Development Goals and 196
targets. Implementation of the SDGs is not mandatory or legally binding thus the success
relies on the countries’ contribution to sustainable development through policies, plans and
programmes. (United Nations 2023.)

2.2. Concept of business sustainability

In addition to the countries and public sector, Agenda 2030 has also raised the importance
of sustainable development in the business sector. In recent years, a strategic change can be
observed in the sustainability work of companies, when sustainable business strategies have
expanded from risk management, cost efficiency and differentiation strategies to considering
sustainable development as part of the company's strategy. Therefore, companies that should
be strongly committed to sustainability strive not only to reduce their footprint, but also
contribute to societal sustainability which is measured as a positive handprint. (Hellstrom &
Parkkonen 2022, 10, 18.) However, measuring and managing a company's contribution to
achieving the SDGs is not necessarily straightforward, but requires companies to have an
understanding about their operational impacts and the relevance of these impacts in the
context of sustainable development (Schonherr & Martinuzzi 2019, iv).

The Brundtland Commission's (1987) definition of sustainable development has been
enhanced to the concept of business sustainability. When transposing the definition of
sustainable development into the business level, Dyllick and Hockerts (2002) has determined

corporate sustainability as “meeting the needs of a firm’s direct and indirect stakeholders
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(such as shareholders, employees, clients, pressure groups, communities), without
compromising its ability to meet the needs of future stakeholders as well . Business
sustainability interconnects the economic, environmental and social sustainability
dimensions in the system level perspective. To meet the needs of future stakeholders,
business sustainability focuses on the micro-level changes across time in the operating
ecosystem to create long-term value. (Dyllick & Hockerts 2002, 131-138.) In some
references business sustainability is connected only to the environmental sustainability
dimension but more often the concept definition is as mentioned above when economic,

environmental and social dimensions are interpreted together (Montiel 2008, 254-255).

Dyllick and Muff (2015) conceptualizes business sustainability according to the actual level
of implementation of sustainability in business. The business process model reviews the
relevant concerns considered (inputs), the organizational perspectives applied (processes)
and the values created (outputs). In other words, the level of business sustainability is
interpreted according to what are the risks and opportunities, how the risks and opportunities
are managed and what for the value is created. Dyllick and Muff (2015) has clarified the
implementation of business sustainability into four levels based on this input-process-output
model presented in Table 1. These levels, called business-as-usual, Business Sustainability
1.0, 2.0 and 3.0, describe how sustainable development affects to the business and what is
the contribution of the business on it. The typology states that at the level of Business
Sustainability 3.0 the company can achieve truly sustainable business. (Dyllick & Muff
2015, 4-5, 8.)

Business-as-usual is the comparison level of the typology, the perspective of which is limited
only to economic benefits. Low costs, efficient process and strong market position are typical
assumptions that business-as-usual thinking concerns. Hence, the economic value is created
only for shareholders, leaving incomplete understanding or measurement of externalized
costs. Inside-out perspective focuses mainly to the business itself ignoring the impacts
coming from outside. (Dyllick & Muff 2015, 8.)



19

Table 1. The concept of business sustainability (adopted from Dyllick and Muff, 2015).

Organizational
Concerns Values created 9

Business Sustainability perspective
Consept
(what?) (what for?) (how?)
Business-as-usual Economic concerns Shareholder value Inside-out
Business Sustainability 1.0 Three-dimensional Refined shareholder Inside-out

concerns value

Three-dimensional

Business Sustainability 2.0
concerns

Triple bottom line Inside-out

Starting with
Business Sustainability 3.0 sustainability
challenges

Creating value for the

Outside in
common good

The way for truly sustainable business, starts with broadening the business concerns by
adopting the sustainability opportunities and risks. Three-dimensional (economic,
environmental, and social) concerns create a new way of looking at business challenges that
materialize in an existing business model without developing a business basis or vision.
Business Sustainability 1.0 is only a refined version of shareholder value management where
sustainability concerns are included in the decision-making and actions considering the risks
and opportunities. With this change company pursues to decrease costs and increase its
reputation to attract customers and employees while still serving only the business itself and

its targets on the economic point of view. (Dyllick & Muff 2015, 8-9.)

The next step is to expand the value creation beyond refined shareholder value by including
social and environmental value. Therefore, Business Sustainability 2.0 introduces
sustainability into business management through triple bottom line. The concept of triple
bottom line is introduced in 1997 by Elkington who considered it as a new business objective
to measure the contribution of business to sustainable development on a more
multidimensional way. The impact of risks, obligations and opportunities of the business are
therefore managed and examined from the perspective of common three-dimensional
sustainability approach to achieve sustainable value. Business Sustainability 2.0 integrates

sustainability topics in a business and targets to create sustainable value, while the business
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perspective remains inside-out which limits the complete implementation of sustainable
development. (Dyllick & Muff 2015, 9-10.)

The highest level, Business Sustainability 3.0 corresponds to truly sustainable business
where the company-perspective is shifted from inside-out to outside-in meaning from the
business itself towards societal sustainability challenges. According to Dyllick and Muff
(2015), conducting a truly sustainable business begins with an examination of the external
operating environment, after which the company considers solutions to the challenges found
from its own resources and expertise. Hence, local sustainability challenges are transformed
into business opportunities creating value for common good, and not just trying to minimize
the negative impacts of the operations. The sustainable value creation is not necessarily
straightforward, and thus demonstrating the efficiency and effectiveness of the contribution
is also difficult. (Dyllick & Muff 2015, 10-11, 14.)

Adams et al. (2015) has dealt business sustainability similarly than Dyllick and Muff but
from more industrial point of view focusing on sustainability-oriented innovation. Figure 5
capsulizes the transition of sustainable business creation in relation to the sustainability-
oriented innovations. The framework divides business sustainability between operational
optimization, organizational transformation, and systems building. The first form of
innovation decreases harm, the second provides shared value, and the third has a net positive
impact that extends beyond the company to enable societal change similarly than truly
sustainable business in Dyllick’s and Muff’s study. To create and realize social and
environmental value in addition to economic advantages, sustainability-oriented innovation
entails creating deliberate changes to a company’s philosophies and values, and to its
operations and products. (Adams et al. 2015, 182-184.)
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Figure 5. Overview of sustainability-oriented innovation framework (Adams et al. 2015, 185).

The three fundamental elements of sustainability-oriented innovation are technical/people,
stand-alone/integrated and insular/systemic and the adoption of these latter mentioned
characteristics results in sustainable business. Therefore, to achieve truly sustainable
business, the development must focus on all those fundaments. (Adams et al. 2015, 182-

184.) The concept of these fundaments is presented more deeply below.

Technical focus of innovation work results in practical adaptions to environmental
challenges but does not affect the causes of the challenges as wider socio-technical
challenges. Instead, people-centricity affects to these societal challenges by transforming
innovations beyond technical adaptations to find new business models and alternatives. But
also, people-centricity appears in technological development when non-technological causes
or changes influence on the development. Another dimension, stand-alone/integrated,
describes how sustainability-oriented innovations are extended across the company. Adams
et al. (2015) states that integrating sustainability into company operations changes
sustainability into a strategic part of the company which is reflected in the change of
development work from independent solutions to operating methods. In other words,
sustainable development is a company-wide target that is achieved by implementing product

lifecycle thinking, integrating environmental strategies and utilizing environmental
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management systems. The last dimension (insular/systemic) deals with the orientation of
innovations, i.e. whether the company addresses internal issues or whether they are aimed

to influence wider socio-economic system. (Adams et al. 2015, 182-184.)

When these dimensions are connected into sustainability-oriented innovation framework
(Figure 5), the steps to sustainable business are visualized. Operational optimizations refer
to doing the same things better. In this case, the harms are reduced by reactive, gradual
improvements based on compliance or anticipation. Hence, the fundamentals of operational
optimization are technical, stand-alone and insular. Innovation activities of organizational
transformation, instead, creates shared value with doing good by doing new things. Then,
internal and external relations are redefined in terms of environmental and social impacts.
The main focus of the innovation work is on internal development, but it also extends to
immediate stakeholders. Thus, the functions are typically more people-oriented and less
insular, while sustainability is integrated more deeply within the organization. Finally,
innovation activities are expanded to the system building through doing good by doing new
things with others. Cooperation is necessary when societal changes are needed to solve
system-level problems such as sustainability challenges. In this context, the cooperation aims
to find a system-shaping innovation, through which the positive impact to the ecosystem
expands and eventually a wider system-level transition is possible. So on, the innovation
activities are systemic, integrated and people oriented. (Adams et al. 2015; 182-183, 188—
194.)

In order to achieve truly sustainable business through sustainability-oriented innovation,
changes are required in the company’s internal processes. Technological and social
innovations can be coordinated through sustainable business models at the system level
(Boons et al. 2013, 3). Bocken et al. (2014) defines that sustainable business model
innovations reduce environmental impacts and strengthen society's well-being through
changes in value proposition, value creation and delivery, and value capture. In the context
of sustainability, value means measurable environmental or social value in concert with
economic value. Business model innovations change the selection of business activities

(value proposition) and aims to change the way to do business (value creation & delivery)
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more sustainable and to capture economic, environmental and social value for stakeholder
in a wider range. (Bocken et al. 2014, 43-44.)

As an example of sustainable business model Bocken et al. (2014) has considered a model
to maximise material productivity and energy efficiency. In this case, the value proposition
is defined as products or services that have a low environmental impact in relation to the
consumption of resources, the production of waste and emissions compared to similar
products or services. Meanwhile, value creation focuses on product and manufacturing
innovation to optimize resource use and reduce waste, emission and pollution generation.
Value capture consists of reducing costs when material use is optimized. At the same,
competitiveness and pricing advantage is increased when environmental impacts are
reduced. (Bocken et al. 2014, 48-49.)

2.3. Corporate sustainability management

The competitiveness of the business is increased by accurately identifying opportunities
related to sustainable development. However, this requires integration of sustainable
development into the company's values, strategies and operations through the management
system, that are considered in this chapter from strategical and project point of view.
(Baumgartner 2013, 269.)

2.3.1. Strategic sustainability and decision-making

As mentioned already in previous chapter, implementation of sustainability needs strategical
changes to align the sustainability initiatives with strategic components and critical success
factors (Loew et al. 2019, 11). Corporate level sustainability management has a
responsibility to create the conditions for company’s sustainable development both
internally and externally to enable economic development, environmental protection and
social equity (Windolph et al. 2013, 272). Systematic sustainability management contributes

to the competitiveness by reducing the risks and costs as well as increasing opportunities
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and revenues. Avoiding risks is based on complying with requirements and making the right
reasoned decisions, which also protects reputation (Loew et al. 2019, 11). This is the main
motivation for companies to manage sustainability, i.e. responding to society's norms and
values but also market success and internal improvement are common drivers for integration
of sustainability management (Windolph et al. 2013, 272). In addition, an examination of
the processes according to sustainable development helps to find development points in the
business that have saving potential. Sustainability management opens the opportunities to
participate in the development and expansion of new and already existing markets and to
support innovations that improve the availability of capital and the attractiveness of the

working community. (Loew et al. 2019, 11.)

Systematic corporate responsibility management has not been built according to common
standards, but there are many different frameworks on the basis of which sustainability work
can be built. Most commons are ISO 26 000 Guidance on social responsibility, ISO 14 001
Environmental management systems, GRI Standards and OECD Due Diligence Guidance
for Responsible Business Conduct. (Loew et al. 2019, 11.) ISO Standards guide
organizations to determine the scope of responsibility, identify relevant issues and set its
priorities within the scope. 1SO 26 000 focuses on providing a guidance about organizations’
environmental and social responsibilities, whereas 1SO 14 001 points outs only the
environmental aspects. (SFS-ISO 26 000, 5 & SFS-ISO 14 001, 5.) While ISO Standards
guide what companies should include in their operations, the GRI Standard instead instructs
how and what company should report externally (GRI Standard 2023, 2). In addition to these,
the OECD Due Diligence Guidance for Responsible Business Conduct offers
recommendations with which a company can avoid and deal with harmful effects related to
sustainable development (OECD 2018, 3).

Sustainability management system consists of different elements that support the
management and the implementation of sustainability at the company’s business functions.
Loew et al. (2019) has researched the most relevant elements that should be included in the
sustainable management system according to the experts interviewed and commonly used
frameworks mentioned above (1ISO 26 000, the GRI Standards and the OECD Guidelines for
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Multinational Enterprises). The action fields of sustainability management are divided in the
governance related functions and product or service-related functions. Corporate governance
should include sustainability aspects as a part of corporate values, strategies, management
system and communication. The scope of these governmental functions extends to
production, product and sales, procurement, and cross-cutting aspects. Environmental and
ethical values, such as operational environmental protection, human rights, and support of
societal development, are integrated into the company values to guide the action through the

entire value chain with sustainability management system. (Loew et al. 2019, 14-15.)

Baumgartner (2013) has divided corporate sustainability management into three different
management roles: normative, strategic and operational. In order to achieve proper
sustainability management, these roles should be interrelated and adaptable. Normative level
management defines the values that the corporation presents and wants to present as the
basic management philosophy including corporate vision and policy, corporate governance
and organizational culture. The targets according to the vision are set as part of strategic
management and the sustainable development is integrated into corporate strategy.
(Baumgartner 2013, 261-267.) Loew et al. (2019) states that sustainable development is
monitored by setting targets and measures and performance evaluations with sustainable
development indicators, in the same way as with key performance indicators (KPI).
Operational management takes care of the implementation of the sustainability strategy in
different corporate functions where specific sustainability initiatives continuously improve
the processes towards the targets (Baumgartner 2013, 261-267). However, even if
sustainable development is part of the strategy, the challenge is to operationalize
sustainability strategies due to lack of knowledge or will of the decision-makers. Therefore,
in addition to the sustainability targets, the sustainable development strategy must be
implemented throughout the company's operations in practice. (Loew et al. 2019, 37-39, 47,
59, 63.)
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2.3.2. Sustainability in projects

Strategic sustainability management set targets and evaluate business performance of the
organization against these targets. If the performance is not achieving the target, the projects
are needed to deliver a change to the organization’s operation. (Silvius et al. 2016, 23-24.)
According to the Sanchez (2015), it is difficult to include the social and environmental
dimensions of sustainable development in the programs and projects with which the
organization implements its strategy. In the traditional project management point of view,
projects are evaluated only in cost, time and quality perspective (Kivilé et al. 2017, 1168).
In order to evaluate projects in relation to the sustainability targets defined in the
organization, both the targets and related measures as well as economic, social and
environmental criteria must be taken into account (Sanchez 2015, 319). Sustainability should
be emphasized already in the project planning when sustainability issues are included in the
initial stages of the project. In addition, performance indicators, which can be used
throughout the project's life cycle, are defined for development and evaluation techniques,
such as life cycle assessment and value management, with which it is possible to monitor
the implementation of the project. (Aarseth et al. 2017, 1076.)

Silvius et al. (2011) states that sustainable development and projects have different
orientation, interests, and the object of value creation. This contrast between sustainable
development and project management is visualized in Figure 6. Whereas sustainable
development aims at long-term development for the benefit of this generation and future
generations, project management presents a short-term activity to meet the demands of
stakeholders. Sustainable development creates economic, environmental and social value
through lifecycle-oriented approach, while project management focus on results inside
decided scope, time and budget. (Silvius et al. 2011, 29-30.) However, the relevance of
sustainability is increased during last years and at least in the project delivery stakeholders
obligate ethics, environmental values and costs to be taken into account during a project life
cycle (Kivila et al. 2017, 1167).
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Sustainable Development Project Management
Long-term + short-term oriented & > Short-term oriented
In the interest of this generation ¢ > In the interest of
and future generations Sponsor/Stakeholders
Life cycle oriented € > Deliverable/result oriented
People, Planet, Profit € > Scope, Time, Budget
Increasing complexity € > Reduced complexity

Figure 6. The contrast between the concepts of sustainable development and project management (Silvius et al. 2011, 30).

Kivild et al. (2017) has studied sustainable project management through project control in
infrastructure projects. The study states that considering sustainability issues and following
sustainability targets leads to sustainable development. Therefore, it is important that
sustainability aspects are already considered in the planning phase. According to the study,
the environmental sustainability indicators set for infrastructure projects are boundary values
and partly come from permits. (Kivilé et al. 2017, 1177.) Usually, KPIs are set for each
company level sustainability targets, and then projects are implemented to achieve those
targets, so in other words project specific sustainability indicators are not commonly set
(Sanchez 2015, 320; Aarseth et al. 2017, 1072).

2.4. Industrial sustainability

Whereas corporate sustainability is more related to strategic level, industrial sustainability is
elaborated to the industrial plant level, considering operational actions taken at the material,
process, plant and production system level (Mengistu & Panizzolo 2021, 2). Tonelli et al.
(2013) determines industrial sustainability as end state of sustainable transformation where
industry has contribution to achievement of economically, environmentally and socially
sustainable planet. Practically, goods and services are designed and manufactured without
decreasing long-term economic, social and environmental opportunities (Paramanathan et
al. 2004, 528-529).
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Societal expectations cause the pressure to the companies to make actions, and globally 84
percent of consumers expect that companies should voluntarily reduce their environmental
impacts rather than waiting for mandated measures (Foresight Factory 2022). Because
industry has a high contribution to gross domestic product (GDP) and it consumes a lot of
energy in the manufacturing processes, produces a lot of GHG emission and waste as well
as employs large number of people, the impact potential through sustainable transformation
is huge (Tonelli et al. 2013, 145).

2.4.1. Change drivers for industrial sustainability

SDGs extend also to the industrial sustainability through SDG Industry Matrix which targets
to advance sustainable value in private sector by profiling sustainable value creation
opportunities. To address environmental and social challenges, sustainable and low-cost
products, sustainable production and enterprise development is presented in the Industry
Matrix as opportunities for shared value creation for both business and society. Industrial
Matrix foresees a potential in resource and energy efficient machinery, integration of circular
economy principles and use of renewable sources. Industrial products, services, technologies
and distribution channels should be developed available to also low-income consumers while
investments are directed to ethical, resource-efficient and flexible supply chains as well as
renewable energy and other infrastructure projects. Value creation for business and society
can also be realized by improving the skills, opportunities, well-being and thus productivity
of employees, contractors and suppliers. (KPMG International & UN Global Compact, 2016,
5-9.)

In Europe, EU has updated the Industrial Strategy which aims to transform the European
industry greener, more circular and more digital while remaining competitiveness at the
global level. Green transition is in line with the European Green Deal, the new growth
strategy for EU which target to transform EU into climate-neutral continent by 2050.
Industrial Strategy underlines the leading role of industry to reduce emission from the own
production but also enable the development in the society by promoting clean technology

and new business models. In parallel, Industrial Strategy also emphasizes digitalization as a
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key solution for emission reduction and as an enabler of clean technology due to great

scalability. (European Commission 2020, 1-4.)

Zodape et al. (2015) defines Green Industry as industrial development, the aim of which is
to minimize the pressure on the environment from industrial production. In order to achieve
the aim, both existing plants should be developed to be more sustainable and new
innovations according to green industry should be born. Industrial development is divided
in three areas: the growth of production capacity, especially the ability to innovate; reducing
the environmental impact of industry; and improving equality and living standards through
increased industrial employment and remuneration. The reduction of environmental impact
of processes and products is achieved through improvements in production efficiency with
optimizations, reduction of generation of waste and emission and safe management of
chemical and other harmful substances. (Zopade et al. 2015, 111-113.)

To achieve the green and digital transition, the European Commission (2021) has proposed
transition pathways for industrial ecosystems, which aim to concretize the conception of the
scale, costs, long-term benefits and prerequisites of the necessary measures (CSR Europe,
V.E 2022, 4). As an answer to the proposal of European Commission, Ministry of Economic
Affairs and Employment of Finland has cooperated with industrial sector to develop the
local, sector-specific low-carbon roadmaps. Finland has more ambitious target compared to
Europe to be carbon-neutral until 2035, and thus the roadmaps have been prepared to serve
this target and reduce GHG emissions of industrial sector. The technological solutions

repeated in the road maps are related to
e |ow-emission energy production
e material and energy efficiency
o alternative power sources (e.g. biofuels, hydrogen, electrification)
o utilization of waste heat

e carbon dioxide recovery and utilization or storage (CCU, CCS). (Paloneva &
Takaméki 2021, 14-15, 27.)
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As will be noted, industrial sustainability transition has multiple change drivers from
political, ecological and technological point of view. However, the financial profitability of
the investments that enable the change is the key, so that the emission reduction measures
take place. (Paloneva & Takaméki 2021, 42.)

At company level, sustainable development is guided by both legal requirements and own-
initiative development work. Environmental permission regulars the extent of the
environmental impact and it is mandatory in Finland for activities that may cause
environmental pollution (Suomen Ymparistokeskus & Ympéristoministerio 2023). For
permission, environmental impacts are evaluated with environmental impact assessment
(EIA) which is regulated project planning tool, and the results affect the granting of a
building permit and the setting of permit limits. EIA is mandatory for projects that has larger
negative impact to environment such as highways, landfill sites and power plants aiming to
reduce or prevent these impacts of the project. The EIA procedure evaluates the direct and
indirect impacts caused by the project affecting to the population and people's health, living
conditions and comfort, to the earth, soil, water, air, climate, vegetation, organisms and
biodiversity, community structure, material assets, landscape, cityscape and cultural
heritage, for the utilization of natural resources and to the mutual interactions of the above-
mentioned factors. (Ministry of Environment 2022.)

In addition to regulations, one common voluntary guideline for industries is an energy
efficiency agreement, which is based on the aim of increasing energy efficiency according
to the EU energy efficiency directive. The aim of the agreements is to guide companies to
continuously improve energy efficiency. Those who are joined to the agreement set
themselves a quantitative target to decrease energy use in operations and implement

measures to achieve the target. (Energiatehokkuussopimukset 2023.)
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2.4.2. Industrial sustainability performance measurement

At the research of Technical Research Centre of Finland (VTT) sustainability data is
determined as data that enables innovations in line with sustainable development and
increases the level of practical implementation of sustainability or indicates it in the
companies. The research points out that sustainability data can be divided into two
perspectives: business and technology. The business perspectives of sustainability data are
related to meeting customer needs, information availability and measurability and
contractual requirements. Whereas predictive maintenance and various indicators are
included from the technological perspective. Figure 7 shows more specifically where the
data is used in companies under these perspectives. With sustainability data, industrial
companies should have the opportunity to see challenges and development areas both for
customers and for their own operations. However, the research clarifies that in the

manufacturing industry sustainability data is still viewed quite narrowly. (Rantala 2022.)
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Figure 7. Identified business and technology perspectives (adapted from Rantala 2022).

There are two types of utilization of sustainability data: active and passive. Sustainability
data is active, when it enables new innovations related to sustainable development or

promote the development of the level of sustainability. Otherwise, sustainability data can be
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used passively, when the data is utilized narrowly to monitor and present sustainable
development in only annual sustainability reports. Active use of data enables to notice
inefficiency areas and to monitor the change through indicators. (Rantala 2022.) Mengistu
and Panizzolo (2021) have researched KPIs that are commonly used for measurement of
industrial sustainability in the literature. The research points out the inconsistency of the
used indicators between the industrial companies due to shortcoming of the general
indicators. However, Figure 8 collects the research results of the most frequently used
indicators to measure industrial sustainability. The measurements focus on financial
benefits, costs, and market competitiveness in the economic dimension, resources,
emissions, and wastes in the environmental dimension, and employees, customers, and
community in the social dimension. The actual indicators that industrial companies use to
measure their sustainability performance is categorized under these topics and listed to right
side of Figure 8. (Mengistu & Panizzolo 2021; 8-13, 22.)

Under the economic sustainability dimension, company should aim to improve market
competitiveness with product quality and on-time delivery improvements as well as lead
time reductions and research and development (R&D) expenditure optimization. In addition,
company increases the profit and revenue and reduce costs from the business actions.
Measuring financial benefits has always been a part of the profitability measurements of a
company's business operations, but sustainable development requires extending monitoring

to the environmental and social dimension as well. (Mengistu & Panizzolo 2021; 2, 13.)

The indicators of environmental sustainability are related to the resources used by the
industrial sector and the by-streams arising from production such as emissions and waste.
Resources used in the industrial processes are water, energy, material and land from which
companies are monitoring consumption, efficiency, recycling and substitution such as share
of renewables or recycled resources used in the process. With these measurements, industrial
companies aim to monitor and possibly improve resource efficiency by reducing
consumption, the use of hazardous materials, and by increasing the use of renewable and

recycled resources and energy efficiency, as well as by optimizing land use. These actions
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contribute to saving natural resources, reducing emissions, hazardous substances and

resource depletion. (Mengistu & Panizzolo 2021, 12-13.)
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Figure 8. The most consistently and frequently used indicators to measure industrial sustainability in the literature

(Mengistu & Panizzolo 2021, 12).
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When the resources are processed in the industry, in addition to the wanted products,
emissions and wastes are generated. Based on Figure 8 industrial companies measure
emissions emitted to the air, sucs as carbon dioxide, other GHG emissions, nitrogen oxides,
sulphur dioxide, ozone depleting substances, metal emissions and toxic emissions (Cagno et
al. 2019, 1362). By minimizing emissions, an industrial company reduces its negative
environmental effects, such as intensifying climate change and ozone depletion and the
accumulation of harmful compounds in the food chain. Industrial indicators for waste are
related to the amount of different waste fractions and recycled waste. With proper waste
management, the amount of waste fractions generated can be minimized while increasing
the recycling rate. Hence, the impacts from the waste treatment are reduced and use of
primary materials can be replaced with recycled, secondary materials. (Mengistu &
Panizzolo 2021, 12-13.)

Social dimension, instead, focuses on promote wellbeing of employees, customers and the
community. This can be measured with indicators related to the customer satisfaction and
complaints as well as employee safety measurements and working hours. (Mengistu &
Panizzolo 2021, 12.) Ahmad et al. (2019, 320) points out that the incorporation and
measurement of social sustainability is difficult due to individuals’ different opinions and
needs.

2.4.3. Future sights for industrial sustainability

The transition required by sustainable development can be accelerated by the large-scale
implementation of digital technologies (Capgemini Research Institute 2022, 3). The report
of Finnish Climate Change Panel (2021) states that electrification plays a significant role in
the reduction of GHG emissions. With electrification 95 percent of Finnish GHG emission
can be reduced until 2050 if the growing demand for energy can be produced with low-
emission energy (Finnish Climate Change Panel 2021). Also, in the sector-specific low-
carbon road maps of Finland, technological solutions are identified as the focus of emission

reduction measures, some of which are still in the development phase or have not yet
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commercialized. Table 2 summarizes some examples of technological solutions to promote

low carbon in the relevant industrial sectors of this thesis.

Table 2. Examples of technological solutions for different industries identified in the roadmaps to promote low carbon
(adapted from Paloneva & Takaméki 2021, 36).

Plant and process design, utilization of 10T in the manufacturing
industry, special robotics, technology related to cyber security, 5G
applications, optimization of port operations and bioenergy
technology

Technology Industry

Onshore and offshore wind power, life extension of nuclear power
Energy Industry plants, combined heat and power biogas plants, geothermal heat
energy technology, solar energy technology and battery technology

Mechanical and chemical recycling, Power-to-Chemicals, synthetic

Chemical Industry biology and biochemistry, CCU/CCS, process changes

New technologies to produce pulp, paper and mechanical wood
products, boiler investments, waste heat recovery and thermal

Forest Industry integration, optimization methods for wood use and water efficiency

solutions
Food and Beverage Heat pump technologies, integration of biogas plants into biowaste
Industry processing

The ongoing fourth industrial revolution (Industry 4.0) leans to the digital transformation
collecting and analysing a real time data from manufacturing industry to adjust the process
system. 0T, digitization, sensors and big data are researched to enable monitoring of
sustainability in the industrial processes. Industry 4.0 contributes to sustainable development
by enabling sustainable supply and value chain, new sustainable business models, the
achievement of circular economy principles and analysing the entire product life cycle.
(Ejsmont et al. 2020, 21.) Digital platforms enable the data sharing between suppliers,
manufactures and customers which is needed in the manufacturing processes for material
traceability and autonomous vehicle control, as well as for monitoring the delivery of the
product to the customer. (Frank et al. 2019, 15-18.) Implementation of industry 4.0
technologies increases productivity, material and energy efficiency and reduces the

generation of waste and emissions, while the analysis during the use of products enables
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progressive impact assessment of products throughout their entire life cycle. (Ghobakhloo
2020, 16.)

Euromonitor International’s Voice of Industry survey has studied the sustainability
investments that industrial companies will focus on coming years and the findings of the
survey are listed in Figure 9. The main priority is among the development of sustainable
products when 80 percent of the respondents set the development of sustainable products the
main investment targets. Also, production-related investments, such as waste, energy, water
and green technology is mentioned in the survey results meaning that companies will invest
in operational sustainability improvements. (Zuniga 2022.) Improvements in material and
energy efficiency and reductions of waste amounts and pollutants affect not only
environmental sustainability but also economic sustainability while decreasing the raw

material and waste management costs. (Desai & Mital 2021, 261-266.)

Development of sustainable products NN  30%
Employee support programmes NN /5%
Waste / recycling I /5%
Sustainable sourcing NN 74 %
Energy . 69%
Green or clean technology I 63%
Supply chain resilience IEEEEEEEEEEEEEEENEEEEEE  64%
Pollution I  59%
Water II——— 56%
Circular economy business models NN 50%
Certifications to avoid greenwashing IIEEEEEEEEGNGEGEGEGNGNGNNENNNNNNE 44%
Forest and biodiversity protection NN 43%
Natural capital GG 5%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Share of respondents

Figure 9. Industrial companies' sustainability investments 2022-2027 (adapted from Zuniga 2022).

Although, the systemic transformation from a linear economy to a circular economy model
is presented as a solution to the sustainability challenges, only half of respondents have
answered that circular economy business models are seen as a future investment (Zuniga

2022). Sitra (2020) has published Circular Economy Playbook for manufacturing industry
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to guide them to find the inefficiencies in linear value chain and turn those into business
value with circular economy. The trend of increased customer-centricity, sustainability and
enabling technologies drives the shift towards circularity. The product use phase includes
the most circular opportunities, such as performance as a service, product as a service, share
and repair and maintenance, and thus has no direct connection to the manufacturing process
itself but it needs changes in the business models. However, in the manufacturing phase,
circular opportunities are related to the return of waste and by-products from own operation
to the source and use of recycled material. Utilization of full value potential requires the
increasing integration of manufacturing companies into a partner network, where customer-
centricity guides the cooperation with the ecosystem to expand value propositions. (Sitra
2020; 5, 10, 25-26, 92, 99.)

In addition of sustainability investments, Euromonitor International’s Voice of Industry
study (Biceika & Robles 2022) has clarified barriers that are perceived as making industrial
investments in line with sustainable development more difficult. The barriers are listed in
Figure 10 which shows that too high cost compared to the budget and lack of internal
knowledge are the main barriers to concreate sustainability to action. The potential benefits
of sustainability investments are not corresponding the costs and sustainability investments
are still seen as obligatory and unprofitable. Industrial sector perceives that it is a challenge
to define a clear business case in line with sustainable development and so on also implement
sustainable transition in the industry. Unclear business case for sustainability supports the
fact that companies regard sustainability as a short-term investment instead of long-term
strategical investment. However, only 13 percent of the respondents has responded that
sustainability is not a value-creating business method to meet the customers growing
demands on sustainability which signals that the value-creating potential of sustainable
development has been noticed, but companies do not yet know how to utilize and implement
it. (Capgemini Research Institute 2022, 20 & Biceika and Robles 2022.)



High cost/limited budget

Not enough internal knowledge
Difficult to implement

No clear business case

Lack of senior/board commitment
Ineadquate internal infrastructure
Complex value chain

Lack of awarness

Too many resources required to implement
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Figure 10. Barriers to invest in sustainability (adopted from Biceika & Robles 2022).
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Salminen et al. (2022) summarizes the future of industry as an autonomy, which requires

changes at the strategic, process and operational level. The first steps are to adopt shared

visions and targets and increase data transparency and accuracy throughout product

lifecycle. When the roadmap towards sustainable manufacturing is clear and the real data is

available, the next steps are to redesign manufacturing processes and lifecycles and redesign

products and production that those are suitable for autonomous technologies. After these

steps it has been recommended to continue sustainable transition with development and

investment in key capabilities, such as the expertise of people and key technologies. This

enables to go beyond and create new products and services with new technologies and

materials. (Salminen et al. 2022, 21.)
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2.5. Operationalization of the conceptual framework

The conceptual framework provides a theoretical lens through which to examine the research
questions, collect data in the empirical part, and interpret the results. The corporate
sustainable development is the dependent variable of this conceptual framework which is
influenced by the development other variables introduced at the previous chapter. Figure 11
clarifies the cause-and-effect relationships between the variants meaning the themes of the

conceptual framework.
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Figure 11. The simplified cause-and-effect relationships of the conceptual framework.

As presented in Figure 11 corporate sustainable development is dependent on two main
aspects: changes at the strategical and operational level. Changes at the strategic level initiate
the company's sustainable development to see the sustainability challenges as business
opportunities. Companies should include sustainability at the core of their business, in
whereby sustainability guides the value creation as well as the evaluation and management
of risks and opportunities. Sustainability management also consider the implementation of
strategical sustainability within the company. When sustainability is part of the strategy,
target-setting guides the development. Targets are set in line with sustainability challenges

in the company and societal level. To understand these operational challenges, companies
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must be aware of the impacts of its operation on sustainable development aspects through
measuring. The data collected from the company's operations contributes to the
identification of sustainability challenges and thus also to strategical and operational
changes. In the scope of this work, achieving the targets requires a change in the operational
level through technology projects, which are affected by the technology development and
innovations. Project management direct the project and therefore they have also a role to
implement sustainability aspects into operational level through projects. Finally, adoption of
these strategical and operational changes leads possibly to corporate sustainable

development.
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3. Research methodology

This chapter introduces research methodology to define the context, methods, functions and
processes used in the research. The methodology presents how to proceed with the research,

i.e., how the data is collected, analysed and reviewed. (Aityan 2022, 27.)

3.1. Research context

The thesis has done as a mandate of Siemens Osakeyhti6 focusing on its industrial customers
in the empirical research. Siemens is a focused technology company providing solutions for
industry, infrastructure, transport, and healthcare. Company is founded in 1847 and
nowadays it operates in 200 countries employing 311 000 people. Siemens focuses on
automation and digitalization in the process and manufacturing industries, intelligent
infrastructure for buildings and distributed energy systems, smart mobility solutions for rail
transport, and medical technology and digital healthcare systems. (Siemens 2022a, 3.)
Megatrends such as climate change, glocalization, digitalization, demographic change and
urbanization challenge companies to operate more sustainably and Siemens adapts to meet
customer and market needs through four strategic priorities: customer impact, technology
with purpose, empowered people and growth mindset. The stated purpose, “transform the
everyday to create a better tomorrow”, combines all the strategic priorities mentioned
above. (Siemens 2022b, 2, 16-17.)

Sustainability is mentioned as a key development factor in Siemens’s own operations and in
the business. In the field of environmental sustainability, Siemens aims to reduce emissions
from its own operations as well as increase resource efficiency through product design and
material selection. In addition to improvements in own operation, Siemens aims to address
the sustainability challenges of the value chain, scaling up technologies to multiple
customers and working with an integrated ecosystem, as well as create an impact through
the system transition of industry and infrastructure systems to shape those towards more

environmentally friendly society. Siemens has evaluated that its main impact on the society’s
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sustainable development is through products and solutions that it offers to its customers.
When considering the impact only to industry, the highest contribution potential is to the
SDG 9 as sustainable industrialization and innovations and SDG 13 as climate change.
(Siemens 2022b, 18-24.)

As a subsidiary, Siemens Osakeyhtit operates in Finland and the Baltics utilizing Siemens'
global and local innovations and know-how. In this thesis, the focus area is in the digital
industry as a business unit, which is described as follows: “Digital Industries is an
innovation and technology leader in industrial automation and digitalization. In close
cooperation with our partners and customers, we are the driving force for the digital
transformation in the discrete and process industries (Siemens 2023a).” Reviewing the
company’s website, industrial sustainability is included in the part of the business strategy
focusing on green industries through decarbonization, energy efficiency and resource
efficiency. In these subject areas, technology drives sustainable development, creating
sustainable value for the customers. (Siemens 2023e.)

The empirical research focuses on an industrial automation system in Siemens Digital
Enterprise portfolio, which includes automation and digitization technologies such as a
virtual commissioning, digital twin, industrial edge solution, artificial intelligence, additive
manufacturing or industrial 5G (Siemens 2023Db). Siemens describes Digital Enterprise as “a
key to a sustainable business strategy ”. The description of Digital Enterprise is presented in
Figure 12 including the possible impacts that follows the utilization of the solutions. Digital
Enterprise portfolio solutions combine a real and digital world to design, realize and
optimize the production chain with the continuous collected data. Optimization enables
savings in costs and time in parallel with quality improvements. Because the digital world
enables testing and optimization before realization industrial, companies can adapt to the
changes more agile and flexible with provided technologies. In a long term, Digital
Enterprise portfolio assists in sustainable development by improving energy and resource

efficiency, reducing emissions and enabling circular economy solutions. (Siemens 2023b.)
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Figure 12. Description of Digital enterprise and its possible impacts (Siemens 2023f).

The possible cause-and-effect relationships, presented in Figure 12, can be observed through
the implementation of the technology under study. As stated previously, Digital Enterprise
technology has an influence on promoting sustainable development through energy and
resource efficiency, decarbonization and circularity. However, this thesis delves into the
practical implications of sustainability driven technology projects and understand where and
how this impact on sustainability occurs in practise.

3.2. Research model

The research is based on qualitative research chosen by the nature of the research objective
and the setting of research questions. Qualitative research philosophy is interpretive, in other
words, the data collected in qualitative research is examined only from a certain theoretical-
methodological point of view, which means that the relevant theory guides the researcher in
defining the analysis (Kallinen & Kinnunen 2021). The theoretical framework leads the
research analysis to focus on relevant aspects, even though the material can be examined

from many perspectives in the same research. (Saunders et al. 2015, 168 & Alasuutari 2011.)
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The research strategy of this thesis is a case study focusing on client’s industrial customers
within the research context. According to Dubois and Gadde (2002, 554) in-depth case study
gives the best understanding about the interactions between a phenomenon and its context.
However, the nature of the case study in this thesis is exploratory answering the questions
‘what’ and ‘how’ to clarify the understanding of an issue, problem or phenomenon. Typical
for the exploratory research is that the focus narrows as the research progresses. Case study
can consist of the single case or multiple cases and in this thesis multiple cases are selected
as a research strategy. (Saunders et al. 2015, 174-175, 184-187.) A multiple case model
allows cases to be compared, or a phenomenon to be studied in several cases in the study
context (Farquhar 2013, 18).

3.3. Selection of case companies and data collection model

The study of this thesis is based on multiple cases that represent the client’s industrial
customers in different industries. Case companies are selected based on a preliminary review
of projects that client has already implemented. The preliminary review is carried out with
project managers and the purpose is to find out whether the project may have had an impact
on some aspect of environmental sustainability. Based on the review, a total of five projects
have been selected for this work from different case companies. The selected qualitative
research model utilizes multi-method research. The data collection model consists of two
phases: secondary data review and semi-structured interviews. The data collection model is

clarified in Figure 13 and the phases are described in more detail below.

First, secondary data available from public sources are reviewed to get the general idea of
the sustainability strategy and targets of the case companies. Secondary data collection
provides comparative data within a more general context (Saunders et al. 2015, 331). The
main target of the review is to underline the environmental aspects that have been identified
as being affected by the business operations of the case companies. The aim of the review is
to support the setting of questions at the interview stage and the interpretation of the

interview results.
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Figure 13. Data collection model of the research.

Research outcome:
Sustainability strategy and company level

Secondly industrial customers are interviewed with semi-structured interviewees. The
interviews are carried out via remote connections and the interview situations are recorded.
In semi-structured interview themes or key questions are decided and the same for all cases,
but specific questions may vary between interviewees. As a part of exploratory questions
‘what’ and ‘how’, semi-structured interview enables a respondent also to answer the question
’why’. Hence, semi-structure interview gives an opportunity for the respondent to explain
and build the responses. Also, in this case, when several companies are included in the study,
semi-structured interviews provide flexibility, so it is not necessary to ask exactly the same
questions for each company. (Saunders et al. 2015; 391-392, 394.) In this study, the
interview is divided into three areas: strategic sustainability and sustainability challenges, a
project implemented and prospects for the future. The interview framework is presented in

Appendix 1.

The second phase of data collection concerns a total of five case companies, of which nine
employees are interviewed, representing different organisational positions. At least one of
the persons interviewed from the same company has been involved in the implementation of
a project whose impact on the sustainability of the case company will be examined as part
of this work. Table 3 introduces the relevant information about interviewees from different

case companies. This thesis considers the case companies and interviewees anonymously.
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Table 3. Introduction of case companies and interviewees.

Case company | Interviewees Years in company
la Mill Director 6
' 1b Maintenance Manager 34
2 2a Plant Manager 5
3a Business Area Director 5
’ 3b Project manager 6
4a Sustainability manager 10
) 4b Production manager 4
5a Maintenance manager 22
° 5b Technical director 6

Interviewees represent mostly operational management at plant level or some function level.
Generally, the tasks of the interviewees relate to the activities of a particular production plant
and only one of the interviewees is working on sustainable development. Therefore,
secondary data review and interview results give an overview of the implementation of

sustainable development to the operational level.

3.4. Data analysis and evaluation

Qualitative data is prepared for analysis by transcribing audio-recordings of interviews with
a software. Qualitative analysis consists of two main phases: classifying the data and
conveying the message. The data classification phase consists of simplifying and combining
the material. In this phase, individual raw observations are extracted from the observations
within the contextual framework. Material simplification modifies the data more
manageable, simplified observations that can be classified in groups based on some
connection between the data samples, such as a common feature or denominator or by
formulating a rule that applies to the entire material without exception. The combined
observations must apply to all simplified observations, so the theoretical framework and
review perspective must be at a sufficiently general level and can change as the review

progresses. (Alasuutari 2011.)
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After the data analysis, the results are interpreted, i.e., structural units are formed based on
the observations. The message is conveying with the contextual framework according to the
chapter 2.5, Operationalization of the conceptual framework. Even though simplified
observations have been formed from the data in the previous phase, the entire collected data
is utilized in making the interpretations. (Alasuutari 2011.) Inductive reasoning is used for
making conclusions from the analysed data. Inductive reasoning is based on the general
conclusion about the research objects of the study based on recurring patterns. Typically,
inductive reasoning begins with one or more specific observations that identify a general
pattern. Finally, a general conclusion is deduced from the observations and identified
patterns. (Aityan 2022, 46-47.)
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4. Results and analysis

This chapter introduces the secondary data collection and interview results divided into the
strategic and operational sections. The chapter combines the secondary data review and
answers of the interviewees to presents results and deviations that arose in interview

situations.

4.1. Strategic sustainability implementation in case companies

Sustainability was recognized as a part of the business among the interviewees. In all the
case companies, except in the case company 5, sustainability was mentioned as a strategic
value of the business. According to the interviewee 4a, sustainability had been tens of years
at the company’s agenda, but only in recent years it had become a strategical part of the case
company’s functions. Also, interviewee 1a described sustainable development as a strong
asset that affects financing, company values and competitiveness. Therefore, interviewees
emphasized the importance of demonstration of sustainable action as transparently as

possible.

“Sustainable development is a very clear strategic choice for us. We want to
be pioneers, which is reflected in the fact that things are being monitored and

developed. ” —Interviewee 2a

When reviewing the case companies’ websites, all had their own sustainability or
responsibility pages at least at the corporate level. The approach to sustainable development
was justified from the company's point of view, what was included and why. As an
exception, case company 5 described its commitment to sustainability only verbally in
general terms and without number indicators or targets, and neither of those interviewed
could name targets either. The sustainability targets were related to own operation through

emissions, material and energy sources and efficiency, water consumption and waste
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generation as well as to value chain aspects, such as biodiversity and scope 3 emissions,
depending on the case company’s business environment. The targets presented long-term
development and some examples of implemented initiatives were showed to concretize the

actions toward the targets.

Even though sustainability was recognized as a strategic choice of most of the case
companies among the interviewees, all could still not name common sustainability targets
that they had at company level. Interviewees 1a, 2a, 3a, 3b and 4a could identify common
sustainability targets of the case companies and according to them some sustainability targets
were grained between production plants. These interviewees were also able to indicate
whether targets had been achieved and what measures had been taken to achieve them. While
interviewees 1b and 4d knew that the company they represent had sustainability targets but

did not know how to name the targets more precisely.

“Sustainable development targets are more corporate-level targets, which is
why they are perhaps not so familiar to me that | would be able to open them

up in more detail. ” —Interviewee 4b

Interviewees from case company 3 approached the sustainability targets also through the
environmental permit limit values of specific plant, and environmental impact measurement
was required through permission. In addition to the case company 3, also interviewees from
the case company 1 and 2 referred to the environmental permit while asking about the
measurements but showed that measurements were also carried out outside the permission
process as self-monitoring. Based on the interviewees (1a, 2a, 4a and 5a), the general level
of operational indicators was energy and water consumption, waste, and emission
generation. Some of the case companies had equipment-specific measuring in place to

monitor energy consumption more precisely than other indicators.

The main benefit that the interviewees raised up from the sustainability was competitive

advantage and response to customer requests. In terms of the competitiveness of sustainable
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development, the interviewees la and 2a introduced pioneering, whereby responsible
operations were shown to the customers on pioneer’s initiative before customer requirements
and thus stood out in the market as a responsible operator. The interviewees highlight the
fact that the customers were more and more conscious about sustainability, which challenge
the companies to be able to show the impact of the production as well as plans for sustainable
development. The interviewee 4a pointed out that reputational benefit and external
communication could be used as an argument for sustainability improvements when

investment decisions were made.

“Sustainable production is almost the cheapest way to produce, but also the
most profitable way, because customers are well aware today. Responsibility
adds value and is likely to increase the price in the long term.” —Interviewee
3a

Interviewees la and 3b pointed out the handprint of the final product that they produce.
Carbon handprint is a life cycle assessment (LCA)-based metric that evaluates the potential
positive environmental impacts of a user's activities. Positive environmental impact can
consist of replacing a basic product or service with the offered solution or improving the
environmental efficiency of an existing basic system. (Pajula et al. 2021, 9.) They

experienced that the product they sell to the customers reduce customers’ carbon footprint.

Only two of the interviewees (1a and 4a) raised up the cooperation among supply chain
within sustainability topics. Supply chain emissions affect to the scope 3 emissions of the
case company, so the interviewee 4a felt that larger and more respected companies have a
responsibility to support other companies in their responsibility work. With the help and
training of the companies among the supply chain, the company shared its awareness, took
measures and at the same time aimed to reduce its own scope 3 emissions. Otherwise, the
case companies required suppliers to comply with social sustainability aspects through the
Code of Conduct, but equipment suppliers were not compared to each other from an

environmental perspective at this time. According to the interviewee 3a, it is difficult to
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determine the carbon footprint of the technology components of the plant, so the interviewer

did not want to compare equipment suppliers based on the carbon footprint in the future.

“The challenge is that there is no way we can achieve net-zero emissions
alone. It is practically impossible, so we want to involve our partners in green

transition. ” —Interviewee 4a

Opinion that sustainability affected the investment decision-making varies among the
interviewees. Only interviewees 1a, 2a, 3a, 4a and 4b found out that sustainability was one
factor affecting decision-making about new investments. However, sustainability was not
the main factor but for example technical must, profitability, ability, and efficiency were
more highlighted factors. Interviewee 4a felt that the possibility of replacing the process with
a more sustainable alternative was considered when investing in equipment. Also, customer
requests directed investment decision-making, but they related more to quality factors than
to responsibility. According to interviewee 3a, the business risk was huge if the sustainability

criteria related to the customer request and environmental permit limit values were not met.

“The decision-making process examines very strongly whether investments are
on a sustainable basis. Customers will no longer accept it if they cannot be
shown that the process is competitive in terms of sustainable development.” —

Interviewee 3a

Two main barriers to invest in sustainability were highlighted from the interviews: limited
budget and lack of understanding of the process. The interviewees did not take a position on
the costs of investments related to sustainable development, but in several cases the
investment had not been made, even though savings had been demanded and the savings
potential had been calculated. The interviewee 1b suspected that the reason was a small unit
in a large corporation, in which case the saving did not bring large savings at the corporate
level. In addition, according to the interviewee 5a, it would be important to continuously

improve the process. Now, when savings were needed and required from the management,
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there had been very limited budget for investments. The interviewee referred by the inflation
resulting from the world political situation, which had increased the prices of both raw

materials and energy.

One of the barriers, that interviewee 5a identifies, was the lack of understanding of the
investment decision makers about the process and the savings and benefits that could be
obtained. Insufficient understanding of the process made it difficult to find areas of
inefficiency and potential savings. The interviewees 2a, 4a, 4b and 5a pointed out, that
measurement and knowledge of the consumption data of the production process at the level
of the equipment were the key factors for sustainability improvements. With data
transparency, decision-making based on the facts and then improvements could be directed
to the hotspots, the process points where the saving potentials exist. However, the interviews
demonstrated that there were standard production metrics for common inputs and outputs,
such as raw material, energy, and water consumption, emissions, and waste generation, but

not necessary measures in each process phase.

4.2. Sustainability in operational level of case companies

The focus on the interviews was on environmental sustainability challenges from case
companies’ operation to determine whether the interviewees could identify the impacts of
their activities as challenges for sustainable development. Although, the scope of this
research was limited to the sustainability of the environment, this was not highlighted in the
interview. Nevertheless, the responses of the interviewees mainly focused on environmental
sustainability, from which they could name different areas of inefficiency in their process as

sustainability challenges.

“Sustainable development applies to all productive industries, when something
is produced, it creates environmental impacts that are regulated through

legislation and morality.” —Interviewee 3a
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Most of the interviewees worked closely in the operations of the production plant in the case
company. According to interviewee 4a, operative employees felt that measurements were
taken from the point of view of making the production more efficient instead of sustainability
improvements. Hence, the focus was on improving the efficiency of the processes, which

reduces resource consumption and, at the same time, expenses.

“On the process side, they don't necessarily think about improvements in terms
of sustainable development, but they are under pressure to make operations
more efficient in terms of time, working hours, energy and other raw

materials.” —Interviewee 4a

4.2.1. Sustainability challenges in case companies

The largest sustainability challenges of the case companies were energy. Power source,
energy efficiency and waste heat were named as energy related sustainability challenges. All
the case companies purchased all or some of their used electricity from the grid and only
case companies 1 and 2 purchased electricity with a guarantee of origin of renewable energy.
Interviewee 5b answered that they would reach carbon-neutrality in their own operation if
they would purchase renewable energy, but it had not been done yet, even though case
company 5 consumed a very high amount of electricity, so that the resulting emissions could
be significant. Electricity consumption and energy efficiency were highlighted in the case
companies 1, 2, 4 and 5 as a challenge. Interviewees 1a, 1b and 5a showed that the main
energy consumers in the process and potential energy savings targets were already known,
but no investments done yet. Whereas case companies 2 and 4 generally knew that there
were improvement possibilities in energy consumption, but for measurement, a more

equipment-specific understanding of electricity consumption were needed.

Process heat or steam used in the production were in the most case companies produced at
the site utilizing renewable energy or side streams of the process. The case company 4

produced the heat with liquefied natural gas (LNG), but they were investing in biogas plant
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which will then utilize the side streams of the process. With the consumption of process heat
and steam, the use of waste heat was mentioned in the interviews as one of the challenges to
which some of the companies had already taken measures. For example, case company 3
utilized excess steam for use in the adjacent plant, through heat exchangers for district
heating and produced electricity from the rest. Also, case company 5 utilized waste heat by
heating of own properties, but not all the heat was recovered. Based on the interviews, heat
recovery and heat recycling had a great potential to improve the energy efficiency of

processes and thus reduced energy consumption.

In addition of larger production-related energy consumption, interviewees also raised up
smaller scale energy efficiency or emission reduction investment possibilities related to
lightning and logistics. LED lightning was seen an option to reduce energy consumption.
However, Interviewee 5a pointed out that energy saving from lightning are negligible

compared to energy saving potential in the process:

“Replacing old lights with LED lights is practically irrelevant in terms of
electricity consumption, because the process consumes so much more

electricity in relation to lighting.” —Interviewee 5a

Emission reductions related to power source were emphasized also outside of the production.
In the case company 1 internal logistics utilized biofuel or electricity as a power source in
the vehicles and the company tried to influence the reduction of external logistics emissions.
Also, the interviewee 4a pointed out that diesel powered forklifts were replaced with
electricity ones, and they cooperated with external logistic companies to reduce those
emissions probably with hydrogen, electricity, or biobased fuel trucks in future. Otherwise,
the interviewees felt that the emissions released into the air from their own activities were
minimal. Only, the case company 3 generated more emissions, but flue gas was purified
using modern cleaning equipment, so the emissions were much lower than limit values of

the environmental permit required.
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The case companies 4 and 5 consumed water in their production. The case company 3 had
changed their process in the planning phase from a wet process to a dry process due to limited
local wastewater treatment capacity. In the case company 2, water consumption had been
high for process cooling before the change from an open cooling water system to a closed
one. The case company 4 consumed water in the process and washing, and according to the
interviewee 4a, the washing of the lines had been examined and water-saving targets had
been sought, however, while maintaining the same level of hygiene. The interviewee 4d
mentioned that cooling water was utilized to washing to save water and energy. In the case
company 5, water was consumed for cooling and processing the end product. Cooling water
consumption was mentioned to be very high, but it had been reduced by one third before.
The interviewee 5b emphasized the optimization of water consumption through the reduction

of the energy needed for pumping and processing the process water.

Material efficiency was not identified as a sustainability challenge in the case companies. In
the case company 1, raw material was analysed using 3D measurement and x-ray imaging
so that the raw material could be used as efficiently as possible. Also, the incoming raw
material cold be utilized completely in different parts of the production plant. The packaging
of the final product was mentioned as part of material efficiency in the case companies 2, 3
and 4. In the corporate level of case company 2 had targets to decrease packing material
consumption and stop using plastic in the future. However, the interviewee 2a experienced
it impossible to give up plastic due to the fat content of the packaged product. The
interviewee 3b also mentioned research of alternative raw material source to replace the old
one with own production and thus reduced the possible problems from external raw material

supplier.

“Due to recent dramatic increases in energy and raw material prices as well
as delivery delays, process efficiency is now even more crucial.” — Interviewee

S5a

In addition of above-mentioned waste heat and organic waste utilization, the case companies

generated other side streams and wastes that were either utilized by own or sold or recycled.
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The interviewees 3a and 4b brought up the financial benefit from the sale of the side streams.
The side stream generated from the case company 2 production were utilized again as a raw
material in the process line, so on production waste was avoided. The case companies had
also invested in recycling, but, for example, the interviewee 4a said that the amount of mixed
waste was still high, so there were opportunities for improvement in the recycling of waste.

4.2.2. Sustainability impact of technology project

The interviews partly focused on technology projects that the client of this thesis had
implemented for case companies. The interviews investigated whether the implemented

projects had improved the state of the case companies’ sustainability.

The project implemented to the case company 1 was modernization of the production line
with new automation system. The project was implemented as a technical must, because the
old automation was at the end of its life cycle and there were flaws in its usability and safety.
The change observed by the interviewees was the improvement of adjustability and usability
of production due to the controls. In addition, outside of environmental sustainability they
felt that field safety had improved as a part of social sustainability. With the change,
production increased in terms of time, and fewer working hours were needed per produced
cube. All in all, sustainability was promoted through better usability which increased the
energy efficiency when energy was used to real production neither drive an empty
production line. Hence, the energy amount of produced cubic decreased.

The case company 2 had challenges with the quality of the product and the collection of data
from the process was incomplete. The client implemented analytical project with project
measures to collect data and improve process based on data. The interviewee 2a said that the
case company did not have quality issues anymore and the project also improved process
efficiency. The most essential part of the change had been the increased understanding of
the process and its proper guidance when decision-making is based on facts obtained from
data. The interviewee 2a highlighted that the project promoted sustainability due to

efficiency improvement: less energy, water and labour are needed per product, when there
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was less waste from the import, in which case the waste did not have to be run through the

line again.

The case company 3 was building a new plant which utilizes automation system of the client.
New plant utilized raw material more sustainable way according to the interviewee 3b. The
interviewees emphasized that with automation it was possible to monitor and adjust the

process, which had a significant effect on minimizing environmental impact.

The client had implemented production automation and control system to production plant
of the case company 4. Also, measures, data collection and reporting tool had been part of
the project. The case company replaced old automation system with new one due to lack of
updates and support available to the old system. According to the interviewee 4b, the
implemented project improved controlling of production to be easy and flexible. In addition,
the process data was easily usable, and its analyzation was possible. The interviewee felt that
automation made it possible to make the process more efficient with the help of data, in
which case the state of sustainability could also be improved.

The case company 5 had replaced its old motors with new, more efficient ones. The
calculations had proved that the purchase of new engines could pay for itself in 7-8 months,
in which case it was a more reasonable choice than repairing old engines. The interviewee

5b felt that the project saves energy, and the repayment was completed.

The interviewees believed that the role of technology will grow in the future. According to
the interviewees 1a and 4b, automation would increase even more in processes to replace
physical and manual work phases. the interviewee 4b emphasized that the implemented
project reduced manual entries and increased transparency, but some entries were still done
manually. In addition, the company used many different databases, from which data was
currently collected manually. Instead, the interviewee la felt that technology changes

working from the process line to control rooms.
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The interviewees found that technology enables sustainable development through improving
the efficiency of the process. With the help of technology, the possibilities for making the
process more efficient could be visible, according to the interviewee 4b. The interviewee 2a
also saw technology as helpful in understanding and making the process more efficient.
Through technology and data transparency, investments could be justified to decision-
makers and project indicators could be set to the investment. According to the most of the
interviewees, project-specific sustainability metrics would be a reasonable addition to
project management, but the respondents considered the necessity, limitation, and challenge

of measurability of metrics.

“Sustainability improvements require targets and indicators, but technology

enables to achieve targets.” — Interviewee 3b
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5. Discussion

This chapter combines conceptual framework and research results while answering to the
research questions. In addition, reliability of the research and study implications against

literature are considered in this chapter as well as future research recommendations.

5.1. Findings from the research

As stated in the chapter 1, the main objective of this thesis is to identify business
opportunities that support industrial companies in achieving their sustainable development
targets through technology. The research aimed to respond to the objective through the

research questions:

1. Which environmental sustainability challenges can be affected by industrial
automation systems and what does this impact consist of?

2. What environmental sustainability targets are set and how decision-making on
investments according to these targets appears in the case companies?

3. How to consider sustainability more in projects implemented by the client?

The following chapter answers one by one to research questions, combining both the
empirical study results and the presented conceptual framework. These findings are guided
to client’s sales representative to strengthen the sustainability business opportunities in

technology project implementation.
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1. Which environmental sustainability challenges can be affected by industrial

automation systems and what does this impact consist of?

The automation system has the potential to increase the sustainable development of
industrial companies through optimization. The technology projects studied in this thesis
had an impact on the sustainability of the case companies mainly through energy. The better
operation of the production plant and the reduction of idling led to a decrease in energy
consumption, in other words, the production efficiency increased. Consequently,
environmental impacts can be reduced by making production more efficient, in which case
the same amount of product can be produced with fewer resources. In additionally to energy
efficiency, according to Figure 12 sustainability impact could be created through material
efficiency, decarbonization and circularity. These themes are closely related to each other,
as for example energy efficiency may also affect decarbonization depending on the form of
energy production. Optimization can make the process more efficient, which can possibly
lead to all the sustainability impact mentioned above, depending on the process.

In addition of material and energy efficiency, industrial companies have investment or
started to find out opportunities to invest in line with industrial low-carbon roadmaps. The
case companies already utilized mostly low-emission energy production and partly used
alternative power sources such as biofuels and electrification. From the interview results and
local low-carbon roadmaps, it can be concluded that investments in alternative power
sources, including hydrogen, will increase in the coming years. Investments will also be
made in technical solutions for utilizing waste heat in the near future due to huge potential
of energy savings. In contrast to the national low-carbon road map, the case company
interviews did not mention carbon capture and utilization or storage, because the case
companies had reduced their emissions by other means. Although the low-carbon roadmaps
focus on emission reductions, the solutions presented in them also promote the circular

economy and resource efficiency.

The importance of sustainability data is highlighted in determination of sustainability

challenges and promotion of the state of sustainability in companies. The study results were
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consistent with Rantala's results: in industrial companies, sustainable development data was
still considered rather narrow. Mostly sustainability data was used passively for monthly
reporting, and similar technology and business perspectives on sustainable development data
were identified as in Rantala's study (Figure 7). Sustainability data helps to transform
sustainable development into practical actions that are measurable, trackable and
promotable. The passive use of data moves to active data use, making it possible to
understand the process more comprehensively and utilize data in decision-making and
thereby promote the state of sustainable development at the company level. According to
Rantala (2022), an industrial company should comprehensively identify potential
sustainability data sources, practical measures for utilizing sustainability data, the needs of
the market and customers for conclusions and measures to be taken from sustainability data,
as well as the possibilities and business potential of utilizing sustainability data. The study
revealed the same, industrial companies that actively utilized sustainability data had made
more changes based on the data and thus improved sustainability.

The study realized that currently, being able to demonstrate that it operates environmentally
sustainably increases competitiveness. This is contradictory to the Mengistu’s and
Panizzolo’s research (2021), where market competitiveness had placed just for the economic
dimensions (Figure 8), and it is measured through research and development expenditure,
product quality, lead time and on-time delivery. However, economic and environmental
sustainability is interrelated through efficiency improvements. According to the research
results, the consumption of resources per produced product could be reduced through
efficiency, which also reduced costs and increases production over time. Therefore, resource
decoupling is also realized in efficiency projects when economic activity can be carried out
using fewer resources. On the other hand, resource efficiency decreases environmental
impacts indirectly, so also impact decoupling may be realized with resource efficiency. This
claim is also supported by the industries’ low-carbon road map, where material and energy
efficiency were mentioned as one method of reducing emissions (Paloneva & Takaméki
2021, 27). As previously stated, sustainability creates competitiveness, which will
potentially be reflected in increased disengagement, while reducing environmental impacts

and resource use increases the potential for economic growth.
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When compared the implemented technology projects to chapter 2.2 Concept of business
sustainability, the projects implement the lowest level, operational optimization. “Doing the
same things better” represent reduction of harm and according to interviews this harm was
considered as material and energy consumption as well as costs. Thus, optimization reduces
the environmental impact caused by the operation, but does not necessarily make the origin
of the operation more sustainable. According to Adams (2015), technology investment could
also implement sustainable business operations if the investment was facilitated by non-
technological changes. Therefore, if the aim is to evaluate the realization of sustainable
development in projects, the reasons for the change and the sustainability effect of the
process to be changed, in addition to the impact of technology, must consider. However, the
case company itself might have been further along in its responsibility work, which shows
that efficiency is also needed at a higher level of the business sustainability, so that the new
things that promote sustainable development can be done with as little harm as possible. In
addition, the further a company is in its responsibility work, the more they pay attention to

the sustainability of their suppliers as well.

2. What environmental sustainability targets are set and how decision-making on

investments according to these targets appears in the case companies?

Sustainability is considered as a strategic part of the industrial companies’ operations, but
the actions related to sustainability are not visible in the operational level. In general, the
environmental targets are set at the corporate level and are related to the environmental
impacts of production in terms of energy, material (including packaging) and water
consumption, emissions and waste and side streams, as well as the sustainability of the entire
value chain in terms of, among other things, the procurement of raw materials, biodiversity
and the social impact of the product. Therefore, sustainability is included in companies’
action through normative and strategic management. However, based on the study,
sustainability strategy and targets were not implemented fully in the operational level. At the
operational level, development work was done through efficiency, which reduced the use of
resources, which instead is sustainable development. Thus, at the operational level,

sustainable development is improved, even though it is not referred as sustainable
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development. As a recommendation for the implementation of the sustainable development
strategy at the operational level, the personnel should be presented with the effects of
production related to the achievement of the targets, which can be reduced through co-

development.

Sustainability is considered as a factor in decision-making and the role of it will increase in
the future. Plant manager/director level were conscious about sustainability targets and
admitted that sustainability was one aspect that influence in investment decision-making.
However, so far, no investment based solely on sustainability had been implemented in the
case companies, although according to the FIBS survey (2023), the majority of respondents
had made investments based on sustainability. In order for decision-making to be
unambiguous with the strategy, the projects must be justified through the set targets and
indicators, in which case the impact of the project can be demonstrated. This should also act

as a justification to decision-makers if the investment is in line with sustainability strategy.

At the operational level, change drivers for the production development are the customer
requirements, renewal of end-of-life equipment or production efficiency. EU or local
strategies and regulations affecting environmental sustainability were not visible at the
operational level. Instead, plant-specific regulatory mechanisms such as environmental
permits, energy efficiency agreements and divided environmental sustainability targets
guide the plant's operation and development. National and EU legislation is reflected in
senior management decisions and strategic guidelines but does not extend to operational
management. However, it is assumed that as regulation increases, the requirements for
sustainability data and for reducing environmental impacts will increase, thus exerting
pressure on the operational level investments as well. All in all, the greatest impact potential
lies with customers who can interact with the company from the point of view of sustainable

development.

Sustainability is not yet straightforward in business operations, which slows down
development. Barriers to invest in sustainability were lack of knowledge and limited budget

based on the literature and the study. Lack of knowledge leads back to the necessity of
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sustainability data and informed management. In order to solve operational sustainability
challenges at the company level, the first thing to do is to know the functions and
consumption items at the equipment level. However, regarding the limited budget, the study
showed that sustainability was a competitive advantage, that efficiency provided savings
and, in some cases, that sustainable production was also the most profitable way to produce.
Therefore, investments could be expected to repay themselves and life cycle costs are usually
evaluated in connection with decision-making to point out the repayment. Since companies
understand the benefits of sustainable investments, it can be concluded that the biggest
barrier to sustainable development investments is the lack of information and clear business
cases. Therefore, the project implementer's responsibility for clarifying sustainable

development increases and there the cooperation with more strategical level is highlighted.

3. How to consider sustainability more in projects?

Since the nature of the projects is result-oriented, sustainability should already take into
account in the planning phase of the project. Compared to traditional project management,
where projects were evaluated only in cost, time and quality perspective, according to Kivila
et al. (2017) and Siemens Digital Enterprise Figure 12 in the case study research the main
affected factors to project implementation were cost, quality and effectiveness. To consider
sustainability more in projects, it should be highlighted as a part of project planning in the
same way as other factors. Making efficiency one of the main factors also indirectly leads to
consideration of sustainability as stated in this study, but not necessarily attention to
sustainability as a whole or the causes of environmental impacts. Therefore, sustainability
should be raised as one of the themes in project discussion and listen to the customer about
their sustainability targets and environmental impacts and then think about how technology
could contribute to the situation.

When considering sustainability more in projects, it is necessary to identify how
sustainability has been implemented in the company. According to the empirical study,
sustainability was not realized fully in the operational level contrary to what was presented
in the literature. However, sustainable development brings added value to project decision-
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making, in which case sustainability should be discussed with the project manager. Since
not all employees at the operational level are aware of the company's strategic sustainable
development, and employees at the strategic level are not aware of the operation of the
production plant and its environmental effects, it is good to have discussions with both
parties about including the sustainable development in the project. At the production level,
it is not necessarily worth talking about sustainable development, but rather about improving

efficiency.

The sustainable development approach differs in the construction of new plants and in
projects that target an already existing production plant. In the existing production plant, the
environmental effects are known, while in the new plant the effects have been evaluated and
optimized in advance. The importance of technology for a new plant increases when
production can be tested with the help of simulation instead of a real plant, and thus optimize
operations even before opening the plant. The simulation could also be used with an existing
plant, in which case the benefits would be visible even before the investment in the
production line. In the future, the amount of sustainability-oriented innovation will increase,
as the number of companies driving social sustainability changes increases. It can be
assumed that in these companies’ sustainability is part of the business. However, even if the
company's operations are based on a truly sustainable business model, production requires
resources and production also creates environmental effects, which can be minimized with

the help of technology.

In the sales perspective, the need of knowledge about overall sustainability and the product
or solution specific sustainability possibilities is to first step to consider sustainability more
in projects. When thinking about how to approach the customer from a sustainable
development point of view, it is good to start familiarizing yourself with the company's
sustainability strategy and targets, which most companies have presented on their websites.
From the sustainability report, the biggest sustainability challenges can be deduced, on the
basis of which to start thinking about whether technology could play a role in reducing those
challenges. The reports usually describe the situation in a general scope, covering the entire

company, so more detailed plant-specific information can be found from plant's
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environmental permit, which are publicly available. The environmental permit shows the
environmental effects of a certain plant, which can be compared to the targets presented in
the strategy. With the basic knowledge of the customer's sustainability targets, a discussion
can be opened about the challenges of sustainability at the production level against these
targets. The aim of the discussion is to find development areas to work on.

At the project level, sustainable development should be approached through general
company level sustainable development targets. In project planning, company’s sustainable
development targets must be examined in order to find out whether the implementation of
the project could influence the promotion of sustainable development towards the target
state. Based on the literature and interviews sustainability indicators or sustainability target
setting were not common in projects. However, those were seen as useful in achieving
sustainable development through projects. Therefore, as a recommendation, company’s
common sustainability targets and the indicators set for them should also be used in projects,
so that the impact of the project on the implementation of sustainable development could be

directly monitored.

As stated previously, considering sustainability more in projects requires the use of
sustainability data. As it turned out from interviews and literature, the role of automation
technology in industry will grow in the future, which enables monitoring of sustainability in
the industrial processes. Sustainability data combined with customer understanding helps to
develop operations and build competitiveness. Data provides transparency through which
industrial companies can become aware of their inefficiency areas. To attract customers with
sustainability investments, technology provider should be able to present the data utilization
possibilities with concrete examples. Therefore, simply collecting data is not enough, it is
necessary to show how the data is available and usable for the customer and how the data
would support decision-making. When sustainability reporting is assumed to expand in the
future, the investment in data collection and utilization can also be justified by responding

to growing reporting requirements and reducing manual work.
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Figure 14 concludes what to consider when implement sustainability more in projects. The
presented questions can serve as a tool for gain clarity on the client's sustainability targets
and determine the most suitable approach to engage them in sustainable development
discussions. These questions can initiate discussions about projects aimed at improving
sustainability and effectively measuring the impact of such initiatives. Furthermore, it is
crucial to consider the varying levels of understanding and perspectives on sustainable
development, both at operational and higher levels. Adjustments should be made to the
discussion to accommodate these differences and ensure effective communication and

alignment.

» What are customer's identified sustainability challenges?
* What are the customer’s environmental sustainability targets in
production?

Sustainability 8 How technology could help to reach those targets?

targets

» What and at what level are the production parameters measured?
» What additional measurements would be needed?

Sustadinability « How can operations be developed based on data?
ata

« How does the project affect the customer's sustainability targets?

« Can the KPIs of the sustainability targets be implemented in the project
as well?

Project KPIs

Figure 14. Recommended questions through which sustainable development can be considered in the planning phase of
projects.

On the other side, increased interest in the industrial companies’ own sustainable
development is likely to increase in the future for suppliers as well. At present, companies
seemed to cooperate with raw material suppliers in order to reduce their carbon footprint.

Technology suppliers must be able to meet customer requirements in the future, both in terms



68

of the carbon footprint per product and in terms of the potential technological impact
(handprint).

5.2. Reliability and validity analysis and research uncertainties

Analyzing the research process and results from the perspective of reliability and validity is
part of the case study that have faced criticism for low validity and reliability. According to
Quintao et al. (2020), the research should be considered from the perspective of construct
validity, internal and external validity and reliability. Construct validity evaluates the studied
concepts: internal validity ensures that the conclusions related to the obtained data are
sufficient; external validity assesses whether the results are sufficient to represent the studied
phenomenon; and reliability indicates whether the study is repeatable. (Quintao et al. 2020,
268.)

The research method of this study was multiple case study which enables interpretations to
be made by comparing of the similarities and differences of the cases (Ridder 2017, 282).
Multiple data sources, nine interviewees from five case companies and review of
sustainability reports and literature, limit the challenges of construct validity. However, the
interviewees from within the companies represented different functions, making it difficult
to compare the interview results. In terms of comparison, for example, three interviewees
from the same company could have been chosen for the interview: one sustainable
development expert (strategical level), one interviewee representing the factory management
and one operational level person. This would have given a more comprehensive picture of
the company's level of sustainable development and its implementation at the operational
level and projects.

The topics of corporate sustainability were divided into strategical and operational levels in
this thesis. This division was based on the assumption that these levels deal with
sustainability from different perspectives, and in this study, the assumption proved to be

correct. However, but the conclusions from strategical level were made based on the
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literature and interviews which represented more operational level. Thus, the results of the
empirical section describe more the operational-level opinion reflected in the theory and the
sustainability strategy found in the public sources of the case company. The strategic level
mainly extended only to the highest level of the operational level in the empirical research,

which weakens the validity of the results.

Evaluating internal validity is important in explanatory case studies where the researcher
aims to demonstrate relationships between elements and cause-and-effect relationships, as
was done in this study (Quintao et al. 2020, 269). The study examined the causal relationship
between technology projects and industrial sustainable development. As a result, it was
concluded that the implemented automation projects improve the operation of industrial
plants, which reduces energy consumption per unit produced. Since energy consumption is
one measure of environmental sustainability, reducing energy consumption also has an
impact on sustainable development. In the examined projects, the production efficiency took
place in different ways, so in this case it was not possible to clearly define where the effects
on energy consumption come from. In the examined case companies, the production
efficiency took place in different ways, so it is not possible to unambiguously define the

reason influencing the efficiency improvement.

External validity evaluates the research findings generalized to other relevant settings and
groups (Saunders at al. 2015, 204). The study consisted of five case studies representing
different industrial sectors. Each of the case companies had their own sustainability
challenges and the project under review was different in terms of background, execution
method and results. Thus, the research results are very generalizable, but the scarcity of the
research sample should be taken into account when generalizing the results, which weakens
the validity. In order to achieve more precise results, it would have been suitable to narrow
the scope of the research to one industry sector and/or a similar method of implementation
in the project. In addition, the study only focused on technology projects implemented by
the client, Siemens Osakeyhtid, so the results cannot necessarily be generalized to all

technologies from other companies.
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Reliability is related to the replication of studies, which shows that the results are not random
(Saunders et al. 2015, 204). The research was carried out as interviews, so the results present
the respondents' point of view and not necessarily factual information. Differences of
opinion were tried to be reduced by interviewing several people from the same company and
persons representing the same job positions between the case companies. However, the study
sample was relatively small, which weakens the reproducibility of the results. In addition,
sustainable development is a very time-bound theme, and at the time of the interview, the
price of energy had been high due to political situation in Europe (Nieminen 2023), which

may influence the fact that energy was emphasized as a challenge in the interviews.

5.3. Future research possibilities

When it was found out in this study that the impact of technology projects on sustainable
development comes through efficiency, a logical further research topic would be to
determine numerically the magnitude of the impact. Industrial companies are under pressure
to minimize their environmental impact, and therefore presenting the impact could have an
impact on the investment decision. In addition to quantitative impact analysis, the impact of
technology on sustainability challenges other than the energy identified in this study could
be studied more widely with different case studies.

This study also recommended to utilize sustainability targets’ indicators in the project to
follow implemented sustainability impact. It would be suggested to study more about the
functioning of sustainable development in the monitoring of technology projects. Possible
future research areas could be the sufficiency of the indicators and their applicability to

technology projects and whether the indicators add value to the projects.

In addition, when the number of industrial companies implementing truly sustainable
business (Business Sustainability 3.0) increases in the future, one meaningful future research
topic could be to compare the role of a technology supplier in a sustainable business
compared to a more traditional industry. A company whose business originated from the
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challenge of sustainability and is based on creating value for the common good, one might
expect to pay more attention to the sustainability of suppliers as well but does this change

the role of the technology supplier or tighten the requirements for technology.
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6. Conclusions

Research has indicated that while sustainability is recognized as a fundamental aspect of
companies' values and strategies, its full implementation at the operational level remains
incomplete, thereby affecting the realization of projects. The primary motivation for this
thesis, from the client’s, Siemens Osakeyhtid’s, point of view, was to study sustainability
business opportunities that support industrial companies in achieving their sustainable
development targets through technology. The thesis examined the influence of customers'
sustainability targets on investments, the role of technology in driving sustainable
development, and how sustainable development should be approached in projects. To
achieve this, the thesis conducted secondary data reviews and case company interviews.
Case companies presented client’s industrial customers for which the client had been
implemented a technology project with the assumption that these projects also promoted
sustainable development in the case companies. The thesis qualitatively defined through
literature review and empirical study where the impact comes from, how it is created and

what is its role in promoting the sustainable development targets set by industrial companies.

The initial part of this thesis reviewed literature to examine current research on sustainability
and its management on corporate and project level. Additionally, the industrial sustainability
was studied by analysing the change drivers, commonly used indicators in industrial
operations, and future technology investments. The literature review revealed that achieving
sustainable development requires the integration of sustainability into a company's strategy
and its comprehensive implementation throughout the organization. To enable sustainable
development at the company level, it is important to set sustainability targets that guide
operational-level improvements through projects. A key aspect highlighted in this research
is the active utilization of sustainability data, which refers to the utilization of data for both
monitoring activities and decision-making. Fundamentally, this implies that for a company
to promote the sustainability of its operations, the strategy and targets set by management
must serve as a consistent basis for actions based on sustainability data. In other words,
indicators in line with sustainability targets should also be included in projects, thereby

clearly demonstrating the impact of the projects on the realization of sustainability targets.
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The empirical research of this thesis showed that industrial companies have included
sustainable development in their strategy and perceive sustainability as a competitive
advantage. However, there is still a gap in the full implementation of this strategy for the
operational level. In this case, sustainability targets do not effectively guide the development
work, and the projects are detached from the strategy. From the client’s point of view, this
means that the integration of sustainability into projects is still at its beginnings. To ensure
that sustainability becomes a driving force in project implementation, it is essential to
identify individuals within the organization who are aware of the company's sustainability
targets. Additionally, it is worth noting that decision-makers at higher levels, who are more
familiarized with the sustainability strategy, are likely responsible for investment decisions.
In this context, considering sustainability in project proposals can add value to the decision-
making process. However, it is important to notice that the industry is facing pressure to
make its operations more sustainable. Therefore, simply initiating discussions and

collaborating to explore opportunities for sustainability improvement can be beneficial.

The empirical part confirmed the claim of the literature that the biggest environmental
challenges of industry are related to energy. Energy consumption is influenced by factors
such as energy efficiency agreements, energy prices, and the company's own targets.
Empirical research showed that technology projects implemented to the case companies
were able to reduce energy consumption per produced unit. Since the studied projects were
implemented into different ways, it is difficult to generalize what the impact consisted of.
However, on a very general level, it can be stated that the effect was formed through making
the process more efficient, for example when switching to more energy-efficient equipment,
reducing the process idles, and reducing the amount of waste, in which case the same product
was not run through the process the second time. Overall, the study showed that technology
projects have an impact on company-level sustainability, but at least for the time being, the
projects are not implemented to promote sustainable development. However, they are
promoting sustainability and therefore, it would be good to include sustainability KPIs that
are in line with the company’s general sustainability targets in the projects as well, in which

case the impact of the project on sustainability could be made concrete.
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To conclude, sustainable development occurs already in the projects even if it is not
connected with sustainability improvement in project level. To consider sustainability more
in projects, it is recommended in this thesis to start with customers sustainability challenges
and targets to identify potential impact areas where technology could play a role. In order to
contribute to the sustainable development of a specific production plant, the collection of
unit-specific sustainability data on inputs and outputs is a key element. Based on this data
inefficiency areas can be visible, and projects can be targeted to make them more efficient.
At the best, data guides decision-making and monitors the impact of the project through the
set KPIs. In the future, it would be valuable to study the functionality of the KPIs of general
sustainability targets monitoring projects and the quantitative magnitude of the impact in

connection with a project.
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Appendix 1. Interview framework

1. How does sustainable development affect business?

¢ Is environmental sustainability part of the company's strategy?

e What environmental sustainability challenges have been identified in business?
o Regarding resources (e.g. consumption of water, energy, materials)?
o Regarding emissions?
o Regarding waste / side streams?

e Have the challenges been promoted? How?
o Does technology have a role in solving the challenges?

e Does the business unit have its own targets or metrics related to the sustainable

development of the environment?
e How does the action (from your point of view) affect the achievement of targets?
e What and how do you measure / monitor the achievement of targets?
e What factors influence investment decisions?
o Sustainable development targets?

o Customer requirements?

2. Project
e What was behind the implemented project?
o What challenge did you set out to solve?
o What need did you set out to fill?
1. What were the target of the project?

« Were reduction targets set for the resource, emissions and waste?



2. How has the project improved operations? Were the objectives met?
* What is (from your point of view) most essential in change?

+ Did the implementation of the project promote the achievement of your

company's sustainable development target?

3. Do you feel that technology was able to influence the challenges of sustainable

development?
»  Which technology in particular?
4. Does sustainable development guide the implementation of the project, and how?
+ How would sustainable development be better taken into account in projects?

» Should the projects have their own sustainable development metrics?

4. Final questions

e What is the role of technology in your company in the future?
e What about promoting sustainable development?

e Do you see that Siemens technology can solve/promote the challenges of sustainable

development?

o Which technology specific?



